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1.0 WASTE STABILIZATION

The objective of the Waste Stabilization activities is to develop technology
to recover or immobilize and package radioactive wastes from nuclear fuel
cycle facilities for useful applications or for ultimate disposal.



1.0 WASTE STABILIZATION

J. M. Latkovich - Program Office Manager
Program Managers: J. E. Minor, V. F. FitzPatrick, G. L, Tingey

Major Contributors:

TDOXRODZLCITOD
.

e IxTmbo—-m
.

1.1 HANFORD WASTE VITRIFICATION PROGRAM
(AR-05-10-02 80602)

The objective of the Hanford Waste Vitri-
fieation Program (HWVP) i8 to apply vitrifi-
cation technology to a selected Hanford
waste atream(s), developing the process and
equipment to be utilized in a Hanford waste
facility,

Background

The Hanford Waste Vitrification Program
was 1nitiated at the beginning of FY 1982,
During that first year, program planning was
based on development and demonstration of a
vitrification system that could be operated
and maintained in an existing Hanford facil-
ity, restricted to crane access for servic-
ing and television for viewing operational
and maintenance activities. The target
waste stream selected was washed sludge from
existing neutralized current acid waste
(NCAW). In FY 1983, program scope was
altered to develop a vitrification system
for the B-Plant Waste Immobilization Annex
(BWIA), The BWIA, when constructed, will
provide window viewing. A combination of
in-cell cranes and manipulators will be used
for operations and equipment maintenance.
This report reviews work from FY 1982 and
the first half of FY 1983,

Backman, S. M. Barnes, M. M. Beary, D. N, Berger,
Blair, D. W, Brite, R. A, Brouns, J. L. Buelt,
Carter, L. A, Chick, C. D. Flowers, R. W. Goles,
Hanson, F. E. Haun, W, 0. Heath, G. A. Jensen,
Knowlton, C. A. Knox, D. E. Larson, D. R. Montgomery,
Oma, J. M. Perez, R. D. Peters, D. H. Siemens,
Silviera, S. C. Slate, S. L. Stein, C. L. Timmerman,
Traub, E. J. Wheelwright

Summar

Program activities included vitrification
process development, remote equipment compo-
nent development and design, and vitrifica-
tion system equipment design and fabrication.

Vitrification process equipment develop-
ment included feed preparation and transfer
to the melter, g1éss melting and pouring,
glass canister handling, and melter off-gas
decontamination.

A basic melter configuration was con-
ceived and computer-code prediction of tem-
perature and stress profiles generated.
Isotherms and equal stress contours were
found using mathematical models of the B-
Plant melter. The generation of these
models allowed design of refractory mate-
rials to minimize glass leakage and refrac-
tory cracking. Various remote sensing and
control instruments for the melter were de-
veloped and tested. Development and testing
were undertaken on ancillary glass melter
hardware and process considerations such as
off-center feeding and inverted graphite
glass pour funnel to preclude as many pro-
cess problems as possible. The number of
connections to the melter was minimized. A
heat pipe-cooled feed nozzle was designed
and is under construction.




The following new remotized component
systems were designed for use in existing B-
Pilant cells. (In designing and evaluating
the process component systems, the compo-
nents were designed for crane servicing
only, a Timitation imposed by the existing
B-Plant cells.)

e canister handling system (turntable)

level detection system

# product sampling system

@ canister closure system

v electrode connector

2 overflow section heater

> nozzle maintenance system (nozzle reamer)
melter viewing system

thermocouple replacement system

® o o

fleed slurry transport system.
Preconceptual design of a vitrification
faci]ity intended for operation in a canyon
facility was completed. The conceptual de-
sign drawing package for that system was
completed. The HWVP scope change necessi-
tates changes in all system équipment and
permits the addition of feed concentration
prior to vitrification. Preconceptual de-
sign studies of the vitrification system
intended for use in the BWIA are now in

progress.

Process Development

As the focus of thé HWVP changed from
processing existing waste to processing
PUREX waste in B-Plant and then in the BWIA,
the target waste stream changed, with waste
glass development following. Preliminary
waste glass designs have been completed for
tanked residual liquor and washed neutral-
ized current-acid-wastes. The choice to
neutralize and wash the precipitate was made
based on SO4 solubility limits determined

for the waste glasses. A variety of waste

1.2

glasses, including borosilicate, phosphate,
and lead were evaluated to find a glass
amenable to accepting high quantities of
sulfate. Borosilicate glass was chosen as
the reference, and the physical, chemical,
and electrical characteristics necessary for
processing were evaluated.

Development of vitrification equipment
included feed preparation and transfer to
the melter, glass melting and pouring, glass
canister handling, and melter off-gas
decontamination.

A basic melter configuration was con-
ceived and computer-code prediction of tem-
perature and stress profiles generated.
Isotherms and equal stress contours were
found by use of mathematical models of the
B-Plant melter. This allowed design of re-
fractory materials to minimize glass leakage
and refractory cracking. A variety of re-
mote sensing and control instruments for the
melter were developed and tested. Ancillary
glass melter hardware and process considera-
tions such as off-center feeding and in-
verted graphite glass pour funnel were de-
veloped and tested to preclude as many
process problems as possible. The number of
connections to the melter was minimized. A
heat pipe-cooled feed nozzle was designed
and is under construction,

Plasma torches were chosen to initially
start and restart the glass meiter., Tests
were completed on existing large-scale
melters to demonstrate the method's
feasibility.

Heat and radiation generated by the waste
in the melter was determined in order to
support facility considerations, such as
cell cooling and shielding as well as melter
disposal options. Table 1.1 gives calcu-
Tated dose rates at various points about the

melter assuming a full tank of NCAW glass
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TABLE 1.1. Calculated Dose Rates for HWVP Melter
Dose Rate, Mrem/hr
0.5 yr 1.0 yr 3.0 yr 5.0 yr 10,0 yr
1) End shielded by electrodes 1.1E4 3,5E3 4,6E2 1,1€2 2,2E1
2) Sides 4,1E5 9.1E4 9,1E3 3.3E3 1.5E3
3) Above 1id 2.4E7 4,6E6 5.1E3 3.1E5 2.1E5
4) Bottom 1.1E6 2.3E5 2.2E4 8.8E3 4,6E3
5) Glass surface 7.5E8 1.5E8 2,087 1,267 8.8E6
6) Burial hox above 1id 3.4E4 8.8E3 1.0E3 2.8E2 9,0t1

with a 6-month waste age. (Also included is
the dose at the highest rate point around a
high-density concrete burial box containing
Table 1.2 gives the

fission product decay heat generated in the

a disposed melter.)

melter at various time intervals, again with
a full tank of NCAW glass.

Defining a system that can successfully
meter liquid waste to the melter continues
to be difficult.
been evaluated and some tested.

Various pump concepts have
The Tow
flowrate and high solids content of the
liquid wastes eliminates many pump types.
Airlifts with no moving parts were tested at
PNL and under subcontract with Allied Gen-
To date, airlifts
have not successfully handled the high

eral Nuclear Services.
solids content slurry. A pump test station
was constructed, where various mechanical
pumps will undergo 1000-hr testing to de-
termine 1ifetimes and failure modes.

TABLE 1.2, Decay Heat from Glass in
HWVP Melter

Decay Period, yr Decay Heat, kW

0.5 17.4
1.0 6.07
3.0 1.19
5.0 0.506
10.0 0.294

Functional criteria for off-gas process-
ing equipment were defined and issued.
Engineering tests of selected off-gas pro-
cessing equipment were completed.

Preliminary criteria were specified for
the waste container system and the canister
fill/cool program. A closure process for
the B-Plant system was selected. A quality
verification strategy for the waste package
was drafted. Glass thermal properties were
calculated to allow modeling of the tempera-
ture history of the waste canister.

Heat transfer and dose rate calculations
were also completed for the canisters in
support of both facility considerations and
product quality verification., Results for
various can sizes are shown in Tables 1.3
and 1.4 and Figure 1.1.

Melter operation tests were conducted in
PNL engineering-scale ceramic melters with
simulated NCAW glass.

the suitability of the waste glass

Early runs confirmed

composition.

A five~day test was completed in which a
simulated washed NCAW sludge and frit slurry
composition was continuously pumped to the
During the 115.3-hr test, ~3512 L
(3752 kg) of slurry were processed through

melter.

the melter.
glass were airlifted in batchwise fashion

Two hundred twenty kilograms of

from the melter into a glass-receiving
canister,
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TABLE 1,3. Heat Transfer and Weight of Filled Canisters 240 @
(Neutralized, Washed CAW; 25% Waste Loading from Processing 12% Pu)
wall T
Time from Canister Specific Surface Wall 7 due to Thermal
Canister Canister Reactor Decay Decay Heat due to Convection Gradient Center
Diameter, Weight, Discharge, Heat, Heat, F]ux2 Convection, & Radiation, ({Tw-Tc), Line T,
m kg yr W W/L W/cm °C °C °C °C
0.51 1360 2 6156 15.2 0.193 271 135 242 377-513
0.41 850 2 3709 15,2 0.145 232 124 156 230-388
0.30 550 2 2310 15.2 n.121 210 116 48 204-326
TABLE 1.4. Canister Dose Rate O
~
Detector (77
Location Dose Rate, mrem/hr AR
(in Fig. 1.,1) 20 in. D 16 in. D 12 in, D
1 2.6 x 107 1.9 x 107 1.1 x 107
2 1.1 x 108 1.1 x 108 9.7 x 10’
7 7 7 —# |~=—0.64 ¢m
3 2.6 x 10 1.9 x 10" 1,1 x 10
7 7 7
4 5.3 x 10 6.0 x 10" 6.1 x 10 oLASS
5 3.6 x 107 3.1 x 107 2.6 x 107
23 m

Conclusions from the experiment are as

follows:

1.

The maximum feedrate of 50 L/hr was
achieved but not sustained because of
foaming of the melt.

The dilute slurry formed and sustained a
flexible, free-flioating cold cap.

Foaming of the melt occurred five times
during the 5-day test.

With off-centered feeding plenum condi-
tions were very stable in that very few
off-gas surges occurred.

A curved, top-exiting, 4-in. off-gas line
remained clear the entire run, and only
trace deposits formed on the inside wall.
Melter instrumentation gave good
indications,

A remote in-canister glass sampler that
had worked well during pretests failed to
obtain a glass sample under actual oper-
ating conditions, In later tests the
sampler operated correctly.

The major objectives of this experiment

were:

=)

POINTS @ AND ( 5 ) ARE
LOCATED 0.31 m FROM THE
@ CANISTER SURFACE.

@ - @ — DETECTOR LOCATIONS

FIGURE 1.1. Canister Modeling Configuration
and Detector Locations

®

1. to achieve and maintain a maximum feed-
rate of 66 L/hr e

2. to define control ranges and processing
and monitoring responses

3. to further evaluate the concept of off-
centered feeding
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4, to continue evaluation of recently
instalied instruments designed to aid
remote melter operation.

A discussion of the attainment of these goals

follows.

Maximum Steady-State Production Rate

Downtime in which feed slurry to the
melter was stopped accounted for 20.3 hr,
giving an on-time efficienty of 82%.
Table 1.5 lists the various causes.

Off-Centered Feeding

Slurry was fed into the melter through an
of f-centered feed port, in which no plugging
occurred., With off-centered feeding, a less-
than-100% cold cap was maintained, leaving
some exposed glass surface, which appears to
help maintain a steady melter environment
with very few off-gas surges. Another bene-
fit of some exposed glass surface is that the
plenum space stays at a higher temperature,
aiding in faster evaporation of the slurry
and resulting in higher feedrates.

Before the first foaming incident, when
the maximum desired feedrate of 50 L/hr had
been reached, the melter parameters appeared
A cold cap over 70 to 80% of the

melt surface was being maintained, with

stable.

TABLE 1.5. Causes of Melter Feed Downtime

Cause Total Time, min,

Foaming in melter 1021
Syringe-type, pulsed feed 136

system
Changeover to backup feed 28

pump
Removal of Ru sorber bed 18
Install feed sample line 4

Total 1217 win- (20.3 hr)
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plenum temperatures of 400 to 500°C. During
previous melter experiments using a slurry
with an oxide loading of 478 g/L, feedrates
of 60 L/hr were achieved with feed entering
the melter at the centerpoint of the melter.
Cold cap coverage during these tests was
usually 90 to 95% and plenum temperatures
were ~430°C,

the melter is largely dependent on the water

The slurry processing rate of
content of the feed. Therefore, comparing
the two sturries, over an hour period the
same amount of water was evaporated (~48 L),
This comparison suggests that the main advan-
tage with off-centered feeding is greatly
diminished off-gas surges; higher processing
capacity has not yet been demonstrated.

Evaluation of Instruments To Facilitate

Meiter Remote Operations

Three devices were used during the experi-
ment. A bubbler tube was immersed ~2 in, be-
low the melt level in the glass to indicate
the glass/cold cap level and also the
melter's general stability as shown by the
It worked

well to indicate the plenum's stability; the

bubbler's pressure fluctuations.

few venting surges appeared on the data strip
chart as small spikes or unsteadiness in the
line.
not well indicated.

Changes in glass level, however, were

Usually during overfeeding, the rate at
which the water from the slurry is evaporated
drops and the plenum space temperature gradu-
ally drops. The total off-gas flow is in-
ferred by pressure drop across an orifice
plate located in the off-gas line just up-
stream of the venturi. The orifice flow
indication remained steady, indicating no
discernible drop in the off-gas flow. The
plenum temperature was also consistent,

though somewhat low at 350 to 400°C. Other




parameters such as the melter resistance and
voltage were also stable., If the cold cap
had become firmly bridged, the glass tempera-
ture would have increased as the cold cap
lost contact with the gtass. Slurry would
have accumulated and have been indicated by a
lowered plenum temperature and off-gas flow
rate. Evidently the cold cap was not
bridged. Had it bridged, it is uncertain
that the accumulating cold cap could have
heen determined via instrumentation only.

The second device was a plenum bubbler de-
signed to indicate formation of foam or an
excessive cold cap. The bubbler's open tip
was ~4 in. above the normal operating glass
level. During normal operating periods the
bubbler correctly read the plenum-vacuum
pressure of 5 in, HZO and also indicated
minor pressurizations in the melter. When
foam developed and rose to cover the tip of
the bubbler, the added resistance was imme-
diately indicated on the chart recorder. The
movement of the pen was very cyclic, drawing
a broad band on the chart paper. As a new
bubble formed at the tip of the bubbler rod,
Then as the
bubble was released, the pen dropped. The

thickness of the foam layer was indicated by

the chart pen went up scale.

the position of the band on the chart paper.
One problem with the bubbler was apparent

After foam-

ing, some glass was left on the bubbler tube,

following a foaming situation.

which slowly ran down the tube and over the
opening, causing pressure pulses to be re-
corded on the chart. These false foaming
indications could be verified only by visu-
ally observing the inside of the melter.

The third device tested was a pair of
glass thermowells positioned equidistant from
respective electrodes but at different dis-
Most of the

thermocouples were located near the glass/

tances from the feed port.
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plenum interface so as to better monitor the
condition of the cold cap. The melter was
always to be fed at a rate such that one
thermowell would indicate colder temperatures
than the other. Ideally, the temperatures
should indicate that the cold cap had not

grown past the thermowell and that some clear

glass surface had been maintained, The tem-
perature indicated when the cold cap growth
had reached the second thermowell, At this

point about 30% of the observable glass sur-
face was left open.

Top-Exiting O0ff-Gas Line and Ruthenium

Adsorber

The off-gas system was modified to include
a curved melter/scrubber connection resem-
bling the B-Plant conceptual design and sil-
ica gel bed for trapping ruthenium. The new
curved pipe operated well through the entire
run, and post-run examination revealed only
trace deposits in the uninsulated 4-in. pipe.

The silica gel bed gradually developed an
excessive pressure drop after 2 days of op-
eration and had to be removed.
revealed the bed had collected much dust,

Examination

from the melter off-gas, with a reddish-brown
color resembling feed solids. The high dust
level in the bed was due to dirt-laden mist
exiting the ejector-venturi scrubber, but
this should not be a problem in the full-
scale process facility, where this mist would
be removed by a demister.

Equipment Remotizing and Testing

The emphasis of the HWVP component devel-
opment and verification task has been to
demonstrate the feasibility of operating and
maintaining a liquid-fed ceramic melter sys-
tem remotely in a canyon facility.

-



-

-

required.

At the outset, it was planned that the
vitrification system would be installed in
In B-Plant cells
remote operations are performed using only an

existing cells in B-Plant.

overhead crane (with a rotating hook) and an
jmpact wrench. Only periscope viewing is
available,

Subsequent studies have shown the prudence
of constructing new cells for the ceramic
melter system. The currently proposed facil-
ity will be an annex to the existing Hanford
B-Plant, designated as the B-Plant Waste Im~
mobilization Annex (BWIA). 1In the BWIA, the
ceramic meltter system will be maintained re-
motely using an overhead crane {equipped with
a rotating hook) and an impact wrench; how-
ever, viewing windows and master-slave manip-
ulators will be provided at selected loca-
tions for better viewing and manipulator as-
sistance during maintenance activities, if
Testing of remote components to
support the BWIA is in the early stages.

In designing and evaluating the process
component systems, the considerably more de-
manding restrictions imposed by the B-Plant
The fol-
Towing new component systems were designed

remote capability were adhered to.

for use in existing B-Plant cells:
® canister handling system (turntable)
level detection system
product sampling system
canister closure system
electraode connector
overflow section heater
nozzle maintenance system {nozzle reamer)
melter viewing system
thermocouple replacement system

® O 2 € @ 0 e &

feed slurry transport system.

Figure 1.2 Tocates each component system
with respect'to the proposed melter (the
Tevel detection, thermocouple replacement,
and feed slurry transport systems are not
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shown). Each component system is discussed
below, where, in general, each system is
described and the findings of remotability

and operability tests are summarized.

Canister Handling System (Turntable)

In radwaste vitrification, metal canis-
ters are lowered into the hot cell; fiiled
with glass product; cooled, sealed, and
transported elsewhere for surface decontami-
nation and storage. In the cell a turntable
is used to position an empty canister below
the melter pour spout, where molten glass
product pours from the melter into the can-
ister. After each canister is filled and
allowed to cool, it is capped and removed
from the turntable,
of a circular rotating rack that suspends

The turntable consists
four canister holders 90° apart. The canis-
ter holders protrude below the rack and into
a tank equipped with cooling coils for the
controlled solidification of the product.
The turntable rotates in 90° increments: an
empty canister is lowered into the cell,
positioned under the spout, filled, moved
through two cooling stations, and then moved
into position for removal,

The turntable is rotated by an electric
motor turning a cam-operated index drive
through a triple-reduction gear box. The
output shaft from the cam-operated index
drive fits into a socket in the turntable.
Rotation slowly accelerates, peaks, and then
decreases to a halt as the cam turns to a
"dwell" or flat spot. As the cam continues
to turn, it engages the cam follower, which
turns the output shaft and rotates the turn-
table to a new position,
ism controls the turntable rotation, stop-

A Timiting mechan-

ping it, and accurately positioning the can-
ister holders at each of the four stations.
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1f the motor or the cam-operated index drive
should fail, the turntable can be rotated by
a crane-held impact wrench. In this case,
the turntable driveshaft is removed and the
socket on the impact wrench is slipped onto
a shaft designed for wrench rotation.

When a filled canister in the turntable
is to be replaced with an empty one, a turn-
table port is opened. Before it is opened,
however, an isolation valve separating the
turntable from the melter pour spout is
closed to prevent unrestricted flow of cell
air through the open turntable port into the
melter. As the isolation valve is directly
under the melter, it cannot be directly in-
stalled or replaced. A set of rails and a
screw jack mechanism fixed to the top of the
turntable allow indirect valve operation. A
valve gate is mounted on a set of gliders
that sit on the rails. Turning a nut with a
crane-held impact wrench drives the valve
gate along the rail into a position between
a flange on the pour spout and one on the
turntable port. The wrench-driven mechanism
slips the valve gate into and out of a
wedge-shaped gap between the melter and the
turntable,
mate nearly airtight with the flanges of the

pour spout and the turntable.

The valve gate is designed to

Evaluation of a scaled-down prototype of
the turntable indicates that the canister
(The
prototype turntable rack had one shortened
Test-
ing was primarily concerned with the remote

handling system concept is feasible.

canister holder and no cooling tank.)

operation of the isolation valve assembly
and turntable drive mechanism, as well as
characterization of air inleakage associated
with the isolation valve. Tests also evalu-
ated the effect of spilled glass on opera-

tion of the isolation valve,

1.9

Remote replacement of the isolation valve
assembly with the overhead crane was demon-
strated. To remove the isolation valve as-
sembly, the impact wrench turns a screw
which withdraws the valve gate from the
melter flange. When the valve gate is clear
of the melter, the lockdown nuts are removed
with the remote impact wrench and then the
isolation valve assembly, with the use of
the crane hook, is lifted off the rail that
guides it into position under the melter,

Valve gate sealing was evaluated. In a
valve test at ambient temperature, the air
inleakage rate was 1.3 scfm, with a vacuum
of 3 in. of water. At a temperature of
247°C, which is more typical of actual
melter operation, the air inleakage rate was
1.0 scfm with a vacuum of 13 in. of water.

The limiting switch that stops rotation
was cycled through 50 rotations of the turn-
table with negligible misalignment in the
turntable. No slop or play was observed in
the connection between the turntable drive-
shaft and the socket connecting the shaft
to the turntable (which could cause
misalignment).

To evaluate the effect of spilled glass
on operation of the isolation valve, 50 mbL
of glass were poured on the valve gate at
both ambient temperature and 240°C. 1In one
test, the glass was allowed to solidify be-
test,

glass

fore the valve was closed; in another
the valve gate was operated while the
In both tests, the
did not affect either valve operation

was still molten. glass
or the

rate of inleakage.

Level Detection System

The proposed level detection system con-
sists of an array of y-ray detectors mounted
in the cell wall plus a transmission source




within the cell. The detector array, trans-
mission source, and the canister being filled
are aligned, with the canister placed between
As the

canister is filled, vitrified waste product

the source and the detector array.

reduces the intensity of the y rays that pass
through it from the source to the detectors.
This source attenuation, detected, estab-
lishes whether the canister is filled. The
vertical array of detectors allows the
presence of glass to be verified at several
discrete levels within the canister.

Since the y-ray source and detector must
be aligned in the same horizontal plane, each
detector within the array requires a separate
source. One way to meet this need is to in-
stall a single source spanning the length of
the canister (~10 ft). Another method is to
mobilize a smaller y-ray source so that it
moves up and down the length of the canister.
The source is then visible to each detector
periodically rather than continuously. While
both methods will work, the second method is
much less expensive than a single, canister-
length source. The concept of using the vit-
rified waste product within the canister as
the level source was considered but later
abandoned. since the 137Cs loadings within the
waste product are not sufficient to provide a
useful detector response. In-cell deployment
of the vy-ray detectors was found capable of
overcoming this sensitivity problem, but lack
of engineering support for this configuration
precluded its use.

An Nal y-ray detector was evaluated for
The Nal

detector is a solid-state y-ray scintillation

use in the level detection system.

device which possesses the highest inherent
y-ray detection sensitivity of all commonly
used y-ray detectors. Consequently, a rela-
tively small Nal detector can replace and

outperform much larger y-ray detection sys-

tems, Also, once deployed, the Nal detector
requires no physical support or maintenance.

Two y-ray transmission sources, 137Cs and
60Co, were evaluated for in-cell use. The
ability of the proposed level detection sys-
tem to establiish the level of glass within a
canister was then assessed for each.. Remote
installation and replacement of the mobile
y-ray source assembly will be verified in
testing, A source-mobilizing mechanism .is
being designed.

An evaluation of the level detection sys-
tem under actual canister glass-filling con-
ditions- indicates that the current concept is
feasible and that 6000 is more versatile than
137¢5 as an in-cell transmission source. The
evaluation involved an Nal detector, a 60co
source, and an in-can melter, In the experi-
mental configuration, the source and the de-
tector were situated in the same horizontal
plane and were confined to move (as a unit)
vertically up and down the length of the
canister, Canister glass level data were
collected by this system under stationary as
well as scanning conditions. In both cases,
the attenuation of the y-ray signal produced
by the glass was unmistakable and the ade-
quacy of an external transmission source for
establishing glass level was unequivocally
verified,

Of the two transmission sources consid-
ered, 60Co was judged superior because of
much Tower strength requirements, the absence
of feed-related background problems, and com-
patibility with optional direct waste glass
y-ray detection methods. For B-Plant appli-
cations, a 0co source strength ~104 curies
is required,

The combination of an encapsulated, en-
closed %0co source and a vertically mobile
stage for positioning the source is desirable

for several reasons. A vertically mobile

-
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source requires only a single-point source of
activity, which could be procured, shipped,
deployed, and ultimately disposed of using
uncomplicated, standard procedures., Further-
more, in this configuration, the source moves
continuously in the vertical direction, al-
lowing the vertical extent of the detector
viewing window to be as narrow as desired,
thus maintaining resolution of the canister
level position. Extending the viewing window
horizontally will allow positional tolerances
of the detector boreholes within the cell
wall to be relaxed without greatly affecting
the significance of the counting data. Fi-
nally, 60co is not expected to ever be a
major radionuclide component of the slurries
processed by the HWVP melter. A1l of this
simplicity, of course, is at the expense of
providing a mechanical device within the hot
cell. However, this additional complexity is
generally not considered a serious drawback.
Testing also indicates that the transmis-
sion source level detection approach is well
suited to diagnose nonuniform canister fill-
ing conditions (known collectively as "rop-
ing").
interpretation of the data generated from a

This result stems from the fact that

transmission source is independent of abso-
lTute counting rate. It is the ratio of
counting rates {attenuation factor) that di-
rectly relates to the uniformity of the can-
ister fill.
functions are quite predictable under all

Consequently, system response

conceivable canister filling conditions.

Product Sampling System

To verify the vitrified waste's composi-
tion, a sample is collected and sent to a
laboratory for analysis. The sampling system
is to obtain a glass sample suitable for
analysis without interfering with either the

glass-making or canister-filling operations.
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'operation begins.,

The product sampling system consists of a de-
vice (melt sampler) that is manually placed

within the open neck of a canister before the
After
the melt sampler is installed in the canister

canister is lowered into the hot celil.

neck, the canister is lowered into the cell
and centered under the melter pour spout.
When the canister is in place, the pouring
As the glass stream falls
from the pour spout, it enters a sample cup
attached to a pivoting arm. The opposite end
of the arm is counterweighted in such a way
that when the desired weight of glass is col-
lected, the sample cup pivots downward,
allowing unobstructed filling of the canis-
ter. The counterweight also prevents the arm
from pivoting before a sample is obtained.
The cup itself pivots on the end of the arm
so that as the arm swings downward, the
moiten glass does not spill. The sampler
design incorporates centering tabs which
ensure that the sample cup is placed within
After the

canister is filled and cooled, the melt sam-

the narrow path of the stream.

pler is removed from the neck and lowered
into a sample retainer that captures the cup
and sample. The rest of the melt sampler,
including the counterweighted arm assembly,
is discarded: only the sample cup is sent to
the laboratory.

The tests of the melt sampler demonstrated
remote installation, sampling, and sample
collection with no complications. To simu-
late actual operation, the melt sampler was
installed under the pour spout of the pilot-
scale ceramic melter (PSCM). Five samples
weighing from 18.5 to 64.0 g were collected.
The fifth sample was recovered after the
empty canister in which it had been placed
This dispelled the concern that

the sample would spill or otherwise be Jost

was filled.

when heat from the glass in the canister




remelted the sample. The pivot point on the
cup held the cup upright, preventing sample

loss.
The remote installation and removal of the

melt sampler were demonstrated using a 12-in.-
dia canister neck; the sampler is adaptable
to neck diameters of 9 to 16 in,

Finally, the ability to remotely collect
the sample cup within the sample retainer was
demonstrated repeatedly.

Canister Closure System

After filling and cooling, canisters are
capped and later sealed. The closure system,
which caps the filled canisters, consists of
a threaded cap with 1lifting bail, an impact
nut centered on the bail, and a stop flange
that encircles the lower portion of the can-
ister neck. The exterior of the canister
neck is threaded, as is the interior of the
cap which skirts the canister neck. The in-
cell canister capping operation is accom-
plished by first lowering the cap by crane
onto the canister neck. The crane hook is
then removed and a crane-operated impact
wrench screws the cap onto the canister. The
cap is tight when the bottom surface of the
cap skirt mates with the upper surface of the
stop flange on the canister neck, The seam
between the cap and the stop flange may later
be welded shut.
moved, and the assembled canister and cap are
lifted out of the turntable using the cap-
1ifting bail.

Evaluation of the prototype system indi-

The impact wrench is re-

cated that it functioned well.
cap was lowered onto the canister neck and

A prototype

then screwed on tightly using an impact
wrench., Changing the orientation of the cap

lead-in threads with respect to the starting
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threads on the canister neck had little ef-
fect on the closure operation; a crane-
operated impact wrench accomplished the
tightening regardless of the initial cap
orientation, The anticipated thermal expan-
sion of the canister neck, caused by heat
conducted from the partially cooled product,
was simulated by heating the prototype can-
ister neck to various temperatures throughout
testing; only above 300°C did screwing the
cap on become difficult, Once typical in-
cell canister neck temperatures are known,
thread tolerances on the cap and/or the
canister neck can be designed to accommodate
the corresponding thermal expansion,

The possibility of glass being dripped
from the spout onto the canister threads was
simulated in two tests and was observed to
have a negligible effect: using the crane to
set the cap onto the canister neck was suffi-
cient to shatter the glass. In the second
test, glass was poured onto the stop-flange,
covering some threads with a mound of solid-
ified glass., This also failed to obstruct
closure: the ratcheting action of the impact
wrench tightening the cap vibrated the glass
loose.

After remote installation of the cap under
simulated cell conditions was demonstrated,
the ability of the cap to remain tight during
canister removal was evaluated. A load cor-
responding to the weight of a filled canister
(4200 1b) was pulled on the 1ifting bail with
the cap tightened onto the canister neck.

The cap was then subjected to transient me-
chanical shocks, by means of shocks applied
to the lifting bail with a 20-0z ball peen
hammer, so that each shock applied a torque
that would have tended to unscrew the cap.
The cap remained tight throughout the shock

test.

-
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Electrode Connector

Vitrification within a ceramic melter re-
quires electricity to generate the heat
needed to maintain the process bulk tempera-
ture at 1150°C, melt raw glass-forming feed
components, and evaporate water and other
volatiles in the feed siurry. The electrode
connector is a remotable jumper that provides
an electrical connection between the melter
electrodes and a through-wall electrical
service line. The service line is connected
to a power source located outside the cell
wall,

The electrode connector is adapted from
proven PUREX jumper technology. A PUREX
jumper consists of a pipe, an attached lift-
ing bail, and two PUREX connectors (one at
each end of the pipe). PUREX jumpers are
used to couple piping within a cell, and they
make possible the remote replacement of par-
ticular lines from within the network of pipe
characterizing most processes. The electrode
connector-PUREX jumper concept departs from
the standard technology in that electricity
rather than fluid, passes through a jumper
made of solid copper rather than steel pipe.
It also differs from existing remote elec-
trical connection schemes because of its high
(2000-A) capacity. What the current design
does share with other PUREX jumpers is a his~
tory of reliable remote serviceability. In
addition, the current electrode connector de~
sign is better adapted to remote operations
than are previous designs because its contact
surfaces are hemispherical rather than flat,
The hemispherical shape allows a limited
amount of rotation without reducing electri-
cal contact: the perfect translational and
rotational alignment of the melter and wall
plug contact surfaces is not required.

A field demonstration of the electrode
connector verified its ability to safely

handle the 2000-A maximum current for which
it was designed. The electrode connector was
installed in series with the primary elec-
trode power cables on the liquid-fed ceramic
melter (LFCM). The LFCM served as an elec-
trical load, enabling the ampacity of the
electrode connector to be evaluated. Made of
solid copper, the electrode connector was
sized for a low resistance (<0.001 @), thus
minimizing the effect of joule or resistance
heating. During the test, the electrode con-
nector handled currents of up to 1000 A with
a maximum temperature rise of 10°C attribut-
able to joule heating.

It is estimated from the test data that
the surface temperature of the electrode con-
nector would have reached 51°C during 2000-A
operation and 40°C during the normal 1500-A
operation, Table 1.6 summarizes the pre-
dicted effect of amperage on the in-cell sur-
face temperature of the electrode connector
(assuming an ambient cell temperature of
40°C).

A megohmmeter was used to verify the elec-
trical isolation between the electrode con-
nector and a plug wall flange. A megohmmeter
simulates high-voltage conditions while re-
sistance is measured (frequently electrical
isolation that seems adequate at low voltages
will break down at high voltages). The

TABLE 1.6, Predicted Effect of Amperage
on the Surface Temperature of Electrode
Connector

Predicted
Amperes Temperature, °C
1000 50
1250 54
1500 58
1750 63
2000 63
2500 80
3000 92




megohmmeter indicated an infinite resistance
across each electrical isolation point, veri-
fying the effectiveness of each insulating
component,

The remotability of the electrode connec-
tor did not require verification since it
incorporates all the essential remotability
features of the standard PUREX jumper
technology.

Overflow Section Heater

During canister filling, the glass stream
that leaves the melting cavity requires ex-
ternal heat to remain molten. Unchecked
cooling would affect not only its fluidity,
but also the quality of the final solidified
product,

The overflow section heater provides a
heat source for the glass product stream
leaving the melter. It consists of a well-
insulated 1id equipped with seven coaxial
heating elements of silicon carbide. The
heaters protrude downward from the 1id and
are designed to maintain an operating tem-
perature of ~1050°C in the vicinity of the
overflow trough and pour spout. The operat-
ing temperature is monitored using thermo-
coupies (T/Cs) which enter through a T/C noz-
zle on the 1id of the overflow heater.. A
split safety cover prevents accidental con-
tact of cell equipment with the exposed elec-
trical connections on the upper surface of
the heater 1id. Since the heating elements
are expected to have shorter service life
than the proposed melter, the section is
remotely replaceable. The overflow section
heater is lowered remotely, via a lifting
bail, over the melter overflow section, and
is bolted to the melter using remotely
tightened impact nuts.,

Evaluation of the overflow section heater
indicated that further design development is
required to provide more protection for the
heating elements during remote installation.,
(Currently there-is nothing to prevent the
heating element assemblies from contacting
the melter or other equipment during remote
installation. Such contact, made while low-
ering the section heater, could easily damage
the elements and put the entire overflow sec~-
tion heater out of commission.) While test-
ing indicated that a careful operator could
successfully install the section, its instal-
lation is far from foolproof. Nevertheless,
it is concluded that its remotability is
feasible and that required design changes are
relatively minor.

As part of the evaluation, it was deter-
mined that the vibration caused by remotely
tightening the impact bolts was not suffi-
cient to break the heating elements. After
1 min of ratcheting with a standard PUREX
wrench, the overflow heater was lifted and
the heating elements were inspected. No dam-
age was observed.

An attempt was made to evaluate the air
inleakage attributable to the overflow heater
lid. During the test, the vacuum source
{pump) was measured as 1 in. of water, while
a rotometer indicated 1.4 scfm air inleak-
age. A vacuum gauge on the test assembly
showed normal atmospheric pressure within the
container box-1id assembly. Since the pump
was unable to maintain a vacuum within the
container box-1id assembly, the observed
1.4 scfm inleakage should be taken as the
maximum air throughput capacity of the pump,
rather than the maximum rate of air inleakage
through the overflow heater 1id. The only
relevant conclusion that could be drawn from
this test was that the rate of air inleakage
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attributable to the overflow heater 1id dur-
ing melter operation will be >1.4 scfm. In
near-future testing, the inleakage source and
magnitude will be more clearly identified.
Based on this information, a design modifi-
cation can be implemented that would lower
the rate of inleakage to an acceptable level.
Tentatively, a 10-scfm rate of inleakage at a
vacuum of 10 in. of water is considered the
maximum acceptable rate of air inleakage
through the overflow heater 1lid,

An attempt was made to heat the overflow
section heater assembly to 1050°C to ascer-
tain the structural integrity of the heater
section materials during thermal cycling.
Although the heating elements were wired in
various parallel and series combinations,
power was insufficient at the time of testing
to reach the 1050°C operating temperature.

When the heaters were wired in parallel, a
temperature of 750°C was reached after sev-
eral days at the maximum power output of the
electrical source. The rate of temperature
increase was at all times kept below the
40°C/hr value reported as the maximum curing
rate by the manufacturer of the cast insula-
tion. After reaching a steady-state tempera-
ture of 750°C, the heater assembly was al-
lowed to cool at a rate less than 40°C/hr,
When cool, the overflow heater was lifted
from the containment box and visually in-
spected. One small crack in the insulation
was noted. No changes were observed in the
heating elements, the cages surrounding the
elements, the metal liner surrounding the
insulation, or the upper portion of the 1id.

Nozzle Maintenance System (Nozzle Reamer)

While the solid glass formers and radsalts
remain in the melter, the volatile feed com-

ponents vaporize and leave the melter as off-
gas. Along with the exiting gas, entrained
feed particlies leave the melter through an
off-gas nozzle. Some of the entrained parti-
cles are deposited on the walis of the nozzle
and, with time, build up a tough, ceramic-
like coating. Within months, the nozzle may
become partially clogged. Other melter noz-
zles, employed as viewports or as access to
instrument sensors, may also become clogged.
The function of the nozzle reamer is to re-
move the blockage from a clogged nozzle so
that it can be reconnected for service.

The nozzle reamer is a core-drilling ap-
paratus that is lowered, via a lifting bail,
onto an open melter nozzle. A flange on the
reamer fits over guide dowels and threaded
studs on a flange on the melter nozzle. The
reamer is then bolted into place with impact
nuts that are tightened remotely. A drill
feed system lowers a rotating, diamond-
surfaced bit into the nozzle. The bit cuts a
core through the blockage and thus unclogs
the nozzle. At the point where the rotating
bit cuts through the blockage and enters the
melting cavity, the drill feed system auto-
matically reverses and 1ifts the bit back out
of the nozzle. When the bit is clear of the
nozzle, power to the assembly is disconnected
and the reamzr is remotely removed from the
melter,

An evaluation of a prototype nozzle reamer
indicated that the nozzle maintenance concept
will work well during in-cell operation, Us-
ing a mock nozzle, constructed in accordance
with the dimensions and materials as planned
for the proposed HWVP melter, the remote in-
stallation, operation, and removal of the
nozzle reamer were demonstrated, Testing
determined that the nozzle reamer is fully
remotable.




To simulate a nozzle blockage, a castable
ceramic was poured into a form located near
Each

form consisted of an annular ring 6 in. high.

the bottom opening of the mock nozzle.

After being poured, the ceramic was allowed
to dry for 24 hr and then was cured for an
additional 24 hr with heat from two 150-W
heat lamps. Alfrax-66® was selected to simu-
late the melter blockage material because it
could be easily cast within the mock nozzle,
adhered well, and formed a tough ceramic when
cured. How closely the Alfrax-66 simulated
the actual blockage material is not known,
since necessary information about the proper-
ties of that material is not available.
Another unestablished variable was the extent
of nozzle blockage anticipated. It was as-
sumed that nozzles would be reamed before be-
coming fully clogged; hence, an annular
rather than solid blockage was poured. The
inner diameter of the simulated blockage was
selected at 5 in., which corrresponds to a
30% nozzle blockage.

An evaluation of the reamer's ability to
cut through a simulated 30% melter blockage,
located near the bottom opening of a melter
Before the test, it

was recognized that if the melter was main-

nozzle, was successful.

tained at its normal vacuum during the nozzle-
cutting operation, the air drawn through the
open nozzle might help remove the drill cut-
tings (fine powder) from the drill area. To
simulate this, a vacuum cleaner hose was
centered under the simulated blockage. As

the cut was performed, a vacuum was ap-

After cutting 1 in. into the block-
age, the vacuum was removed and the cut was

plied.
examined. Virtually all the powdered mate-
rial had been pulled out of the cutting area.
The cutting operation was resumed, and the

®Registered trademark of Carborundum Company,
Refractories Division, Keasbey, New Jersey.
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core bit cut completely through the blockage
When the bit passed the
bottom of the nozzle opening, the feed direc-

without incident.

tion reversed and the cored-out blockage
material fell from the bit intact, as
anticipated.

During the simulation, the eccentricity or
wobble associated with the rotating bit was
measured several times and was never greater
than 1/32 in, off center. A wobble of this
small magnitude is normally not visible.

Part of the bottom edge of the nozzle
liner material broke off along with the
cored-out blockage.
damage indicated that the cutting pressure,

The relatively minor

and thus the feedrate, was acceptable.

Melter Viewing System

Television viewing of the melter cavity is
an interim technique for monitoring foaming
and cold-cap bridging within the melting cav-
ity. Viewing the melting cavity is also a
supplementary method for measuring the depth
of the glass.
of the melting cavity walls and the cold cap
With ad-
ditional experience in melter operation, it

The camera provides an image

at the surface of the molten glass.

may be possible to correlate abnormal condi-
tions (such as bridging and foaming) with
melter temperatures and off-gas flow rates.
This would make television viewing
unnecessary.

The melter viewing system consists of:
1) a probe, with lenses and mirrors, that ex-
tends through the viewport nozzle into the
ceiling area of the melting cavity, and 2) a
connected video camera outside the melter,
An aperture, at the end of the probe housing,
allows light from the melter cavity to be
directed into the camera lens. A nonbrowning
lens material would be used for radioactive



service. The view through the aperture pro-
vides an image of the melting cavity and the
cold cap at the surface of the molten glass.
An air stream cools the optics within the
housing and exits (into the melter cavity)
through the aperture.

An evaluation of the melter viewing system
indicated that observation of the melt during
the feeding operation is feasible, The rug-
gedness of the melter viewing system was suc-
cessfully demonstrated when a crane-operated
impact wrench was used to fasten the televi-
sion camera to a flange on a mock viewport
(nozzle). With the television operating, the
ratcheting, vibrating action of the impact
wrench was allowed to continue for 1 min
after the bolts were tight, causing a white
Tine to appear on the video screen, The pic-
ture returned to norma) when the vibrations
stopped.

The melter viewing system was also able to
take the shock caused by swinging the probe
section into the test port as the crane posi-
In

addition, the melter viewing equipment was

tioned it for mounting in the flange.

dropped ~3 ft and was not damaged.

To simulate actual operation, the melter
viewing system was installed in a side nozzle
of the pilot-scale ceramic melter (PSCM).

The quality of the television picture corre-
lated with melter temperature above the melt,
When the melter was idling, the picture was
The tem-
perature in the melter plenum then exceeded
g00°C.
fresh feed, the melting cavity walls, viewing
port, feed tube, and thermocouple tube were

almost competely vacant of detail.

When the melter began processing a

all distinguishable in the television pic-
ture. The corresponding melter plenum tem-
perature was 630°C,

When the melter viewing system was ini-

tially installed in the PSCM, the picture was
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faint and distorted into a rounded diamond
shape. This distortion was later identified
as being caused by the electromagnetic force
(emf) of the power cables, which were close
to the melter viewing system. The distortion
can be avoided during in-cell operation by
locating the viewing port away from the power
leads. Shielding of the television camera
electronics is also advised,

After 14 days of observing the melt within
the idling melter, the television picture be-
came clouded by an encrustation of small
crystals that limited the view of the melt to
a small hole in the center of the picture.
During the test, a continuous air flow was
maintained through the aperture and the cam-
era temperature was <100°C. The melter view-
ing system was removed and the encrustation
scraped off. The television picture returned
to normal: it was round, free of distortion,
When the melter

viewing system was reinstalled, it displayed

and had good resolution,

no evidence of encrustation 52 days later,
which inciuded both melter feeding and melter
idling. The camera temperature throughout
this period was ~2005C. An encrustation-free
operation of this length of time gives some
assurance that the high system temperature is
the means of controlling the prob1em. If,
however, the encrustation of the objective
head should again pose a problem, one of the
following modifications could be implemented:
1) additional air around the viewing aper-
ture, 2) a jet of steam across the encrusted
area, 3) a mechanism. for removing encrusta-
tions without removing the melter viewing
system, or 4) electrically heating the en-
crusted area. Whether any modification is
required, and if so, which are implemented,

is relegated to future testing.




Thermocouple Replacement System

The function of the thermocouple replace-
ment system is to facilitate replacement of
inoperative T/Cs in the melter cavity. This
js required as these T/Cs are expected to
have a shorter service life than the proposed
melter. The system provides a continuous
guide path from the gallery to the melter
thermowell, eliminating a set of signal-
weakening contact points within the cell. An
invention disclosure will be filed on the
system; further design details are omitted.

The evaluation of the prototype thermo-
couple replacement system indicated that the
The ability of a
crane operator to remove and replace both a
T/C jumper and the melter thermowell was suc-

concept functioned well.

cessfully demonstrated. In addition, ten
long-sheathed T/Cs were inserted through the
assembled system and were removed, as would
be done in-cell. A1l tests were repeated
several times to establish, with certainty,
that T/Cs can be remotely installed and

replaced.

Feed Slurry Transport System

The melter feed slurry, composed mainly of
glass formers and radioactive particles sus-
pended in water, must be transported through
a nozzle on the upper surface of the meiter
into the melting cavity. Design restrictions
associated with this particular application
prevent the use of conventional slurry trans-
port systems. The slow feedrate (~50 L/hr),
combined with poor rheological properties of
the slurry {rapid and irreversible particle
sedimentation), causes possible clogging of
the feed line to be a major concern. Since
the particles within the slurry are highly

abrasive, material wear within the transport

system is also a problem. Finally, the use
of plastics, e.g., for valve seals or pump
diaphragms, is prohibited because of their
extremely rapid degradation in a radioactive
environment.

The proposed slurry transport system con-
sists of a slurry pump, a feed line, a feed
line flushing system, a feed nozzle, and all
the valves and remote pipe connections asso-
ciated with the system. An all-metal,
positive-displacement pump has been designed,
fabricated, and tested for the feed slurry
transport application. The slurry pump is
air-operated. A sealing system prevents the
operating air from being exposed to radioac-
tivity, thus eliminating the air as a possi-
ble means of operating-gallery contamination.
The pump design avoids close-toleranced mov-
ing parts, decreasing the likelihood of fail-
ure caused by abrasive wear, Finally, the
pump's positive-displacement mechanism allows
the low slurry feedrate to be tightly
controlled.

Tests indicate that the slurry pump con-
cept is feasible for in-cell service. Simu-
lated meiter feed slurries were successfully
pumped at a controlled flow rate for over
1500 hr.

of pump lifetime, sealing system effective-

Future testing will include studies

ness, feed line flushing, system configura-
tion, and system remote operability. An in-
vention disclosure will be filed on the

system; further design details are omitted.

Design and Fabrication

Preconceptual design of a vitrification
facility intended for operation in a canyon
facility was completed. The conceptual de-
sign drawing package for that system was com-
pleted. The HWVP scope change necessitates

changes in all system equipment and permits
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adding feed concentration prior to vitrifica-
tion. Preconceptual design studies of the
vitrification system intended for use in the

BWIA are now in progress.

IN SITU VITRIFICATION OF HANFORD WASTE
(AR-05-10-02 - 80441)

1.2

The objective of this program is to de-
velop and evaluate the in situ waste vitri-
Ffication concept to confirm its feasibility
for large-scale use,

Summary

The primary thrust of the FY 1983 efforts
is to complete a pilot-scale radioactive
demonstration in June 1983. A significant
secondary effort is completing the conceptual
design of the large~scale system.
Design of the pilot-scale system began in
of 1982 and was completed in mid-
November. The initial field test unit lo-
cated behind the 318 Building was used as a

Significant

September

starting point for the design.
additions, however, particularly in the cover
gas treatment system, were required for con-
tainment of volatilized radioactive materi-
als. Fabrication was completed in late Janu-
ary, and the new trailer-mounted pilot-scale
system was moved to the test site in Febru-
ary. Installation and site preparation was
completed in March, the Operational Accep-
tance Test (OAT) was conducted March 16 to
18, 1983, and was thorough.
and operational difficulties were encoun-
tered, and a second OAT will be conducted to

The

Several design

verify the adequacy of the corrections.
hot test will be conducted in June, on
schedule,

Preparations for the OAT were extensive
and rigorous. Supporting documentation has

been provided in a timely fashion throughout

the design, fabrication, and test cycle.
Only minor changes to the Safe Operating Pro-
cedure and Run Plan are required, to make the
documentation current with the corrective
action.

Conceptual design of the large-scale sys-
tem is proceeding at a satisfactory pace, and
remains on schedule.

Pilot-Scale Radioactive Demonstration

Design of the pilot-scale system for the
radioactive system began late last fiscal
year and was complete in mid-November 1982,
The experience gained from tests conducted
with the fixed system, located behind the
318 Building, served as a starting point for
the design. The design for the radioactive
system has three significant changes/
improvements over the previous system:

1) improved cover gas system, suitable for
radioactive materials, 2) improved electrical
system, with a greater range of control, and
3) portability, as the system is now trailer-
mounted.

The cover gas system is shown schemat-
jcally in Figure 1.3. A1l components down-
stream of the venturi-ejector scrubber were
added to upgrade the system to handle radio-
active materials.
was added to remove submicron particles and

The Hydro-Sonic® scrubber
semivolatiles. The separator-condenser-
separator-heater were added to dewater and
condition the gas stream so as to have mini-
mum impact on the HEPAs.(a) The HEPAs were
added to ensure confinement and containment
of radionuclides that might pass through the

scrubbers. The cover gas system is located

® Registered trademark of Hydro-Sonic
Systems, Dallas, Texas.
(a) High-efficiency particulate air filters.
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FIGURE 1.3, Pilot-Scale Radicactive Demonstration 0ff-Gas System

in a large glove box, to protect the operat-
ing personnel in the event of a leak or mal-
function. The move to a glove box environ-
ment is a significant design change.

The electrical system power rating was in-
creased 25% to 500 kW, and the voltage taps
were extended down to 250 V, giving a 100%
increase in depth capability. The trans-
former electrical configuration was changed
from an open delta to a Scott Tee, allowing
more even distribution of the load. The
operability of the system was improved and
simplified by purchasing more modern
equipment.

The cover gas, electrical and instrument
systems were mounted in a standard semi-
trailer, greatly increasing options for
future use and improving weather resistance.

The components, the assembled cover gas
system, and the semitrailer were obtained by
competitive fixed-price procurements. Assem-
bly and installation was performed by plant
forces, and fabrication was completed in late
January. The trailer was moved to the test
site in February, site preparation and accep-

tance testing were complete in mid-March, and
the OAT was conducted March 16-18, 1983,

Preparations for the OAT procedure were
extensive and rigorous. Documentation pre-
pared and approved includes:

Site Selection Criteria

Quality Assurance Plan

Safe Operating Procedure

Environmental Evaluation

Safety Evaluation Document

Radiation Work Procedures

Operational Readiness Plan

Run Plan

The site was cleared of surface vegetation
and an access road graded. Ground-penetrat-
ing radar, magnetometer (ferrous metals), EMI
{ground conductivity), and metal (nonferrous)
detector surveys of the leveled site indi-
cated that no foreign buried materials,
underground piping, cables, or utilities were
present. Also a general radiation survey of
the site and specific surveys of the excava-
tion and backfill were performed to ensure no
spurious radiation was breseﬁt.
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Operator training sessions conducted for
all operations staff include:

General Radiation Safety

Step-0ff Pad Procedures

Glove Box and Glove Change-Out Procedures

Bag-Out Procedures

Cardiopulmonary Resuscitation (CPR)

Fire Extinguisher Training

Electrical System Operation

Instrument and Control System Operation

0ff-Gas System Qperation

Sampling System Operation

Emergency Action

The Operational Readiness Review Board
conducted an informal walk-through to inde-
pendently verify the state of preparedness
for conducting the OATP, Use of the Man-
agement Oversight Risk Tree analysis to cor-
roborate signoffs in the Operational Readi-
ness Plan worked very well.

The OAT provided a system checkout for
both the power and off-gas equipment and
showed that the integrated system performed
adequately. The OAT was completed in
36 hours, when the melt depth reached 5 ft.
Power and melt depth plots through the OAT
run are provided in Figure 1.4. Total energy
consumption was 9920 kWh, with a maximum
power input of 410 kW and an average of
275 kW.

associated with melt position is illustrated

An additional plot of melt depth as
in Figure 1.5, This figure shows that the
centerline and electrode melting progress at
about the same rate., Later in the run the
melt edge spreads to include the outer posi-
tions to form a melting front that appears to
cover the entire 16-ft2 area between the
electrodes.

Problems encountered during and after the

run are highlighted below.
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FIGURE 1.4.

Power, Melt Depth and Run Time
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® Hood vacuum was reduced due to the drying
and subsidence of the soil maintaining the
seal. A high-temperature skirting will be
instatled on the hood to assist in main-
taining the hood vacuum.

» High temperature and high current caused
the circuit breaker to trip, interrupting
power to the electrodes. The current
limiter has been adjusted to prevent fur-
ther current trips. A shrouding will be
placed around the transformer cooling fan
to enhance the air flow across the trans-
former heat sink, improving its heat
transfer to prevent future thermal trips.

o Computer data logging performed well; how-
ever, a subprogram nesting error continued
to occur. Resolution of this problem is
being investigated with assistance from
Hewlett-Packard.

o Water was found in the first-stage HEPA
filter. The HEPA performed effectively

under its increased differential pressure

without rupturing. Testing is under way

to accurately determine the cause of water
buildup. The temperature restraints

(<40°C) of the blower did not allow the

heater to evaporate all of this moisture.

A higher temperature blower is being in-

stalled to allow greater evaporation.

The presence of water in the HEPA is a
potentially serious problem. In addition to
a higher temperature blower, drain lines from
the HEPA housings to Tank #2 will be added,
and the system will be operated at a lower
differential pressure with lower scrub solu-
tion flow rates in the venturi and Hydro-
Sonic scrubbers.,

Examination of the melt after the run
indicated a uniform 9-in. subsidence of the
surface between the electrodes. This subsi-
dence was caused by the minimal cold cap
formed during operation. The surface was not




molten during the run (as it had been in the
second pilot-scale field test}, but a thin,
dull red cold cap formed, causing a maximum
hood plenum temperature of 350°C later in the
run. The higher plenum temperature assisted
with the oxidation of the graphite electrodes
above the melt.

The off-gas system for the OAT was well-
instrumented for tempefatures, pressures,
flows, gas composition, and particle-size
distribution. Scrub tank samples are cur-
rently being analyzed by inducti#e]y coupled
plasma (ICP) and atomic absorption (AA) for
element compositions, as well as for pH,

The

first-stage HEPA filter used during the run

anion concentration, and percent solids.

is also being chemically analyzed.

The off-gas flow rate during the OAT aver-
aged 362 scfm * 1.,5% and seemed relatively
constant, even though temperatures and vacuum
The
first-stage scrubber, a venturi-ejector, was

in the off-gas containment hood changed.

operated with a 1iquid flow rate averaging

42 gpm at a pressure of 101 psi. The

venturi~-ejector actually boosted the off-gas
flow slightly, having a 2.9-in. water column
(wc) net gas pressure gain at the outlet.
The second-stage scrubber, a tandem nozzle
Hydro-Sonic, was operated with a liquid flow
The
average pressure drop across the Hydro-Sonic

of 23.4 gpm at a pressure of 43,0 psi.
scrubber averaged 59.5 in. wc. The unit is
designed to scrub efficiently at pressure
drops above 30 in, wc.

Figure 1.6 shows off-gas temperatures in
the hood, the off-gas line, and at several
points in the off-gas system., Temperatures
in the hood remained refatively low until
about 15 hr into the run, when the cold cap
Then the
climbed to an average of

began to thin, plenum temperature
~320°C, where it re-
The

of the off-gas sys-

mained until the run was completed.
temperature at the inlet
tem averaged 240°C., O0ff-gases were effec-
tively cooled during the run, as indicated by
the condenser outlet temperature, which aver-
aged 20°C, depending on ambiant temperature

and off-gas heat load. A heater brought
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the off-gases exiting the condenser above the
dewpoint before they paésed through the HEPA
filters and blower. The blower inlet was
1imited to <40°C due to the temperafure rat-
ing of the blower bearings.

Another OAT will be conducted the first
week in May to verify the effectiveness of
the corrective actions. The radioactive dem-
onstration will be conducted in June on

schedule.

IN SITU VITRIFICATION OF TRU WASTE
(AR-05-15-20 - 80583)

1.3

The objective of this program is to deter-
mine the generic applicability of the in situ
vitrification technology for radioactive
waste treatment and disposal.

Summary

A public safety analysis, comparing the
pitot-scale (1.2 x 1.2 m) and the large-scale
(5 x 5 m) in 'situ vitrification systems, was
performed. The 216 Z 1A site, located in the
200 W Area on the Hanford site, was selected
as the reference case., Public dose commit-
ments and the 50-yr dose commitment to the
bone (the critical organ) of the maximally-
exposed individual were shown to be orders of
magnitude below the DOE guidelines.

Public doses were also calculated for po-
tential accident conditions. Six accidental
release scenarios were developed, and the two
worst cases were examined in detail. A1l as-
sumptions were conservative. The 50-yr dose
commitment to a maximally exposed offsite in-
dividual is estimated to be less than 1.0 rem
for the large-scale system, less than that
for the pilot-scale system. Because of the
conservative assumptions used in estimating

the doses from postulated accidents, the
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doses are undoubtedly higher than would

actually be received.

Public Safety Analysis

A public safety analysis, comparing the
pilot-scale (1.2 x 1.2 m) and the large-scale
(5 x 5m) in situ vitrification systems, was
performed. The 216 Z 1A site, 10cated in the
200 W Area of the Hanford Site, was selected
as the reference case. Both routine opera-
tions and potential accident cases were eval-
uated. The basis for and the results of the

analysis are described below.

Radionuclide Releases

The following assumptions were used to
estimate the source term for the 216 Z 1A
site: ’

e Surface area of the contaminated zone is
90 x 30 m. -

o The waste site has a 0.3-m layer of uncon-
taminated overburden,

e The 216 7 1A waste site invedtory is uni-
formly distributed within the site.

e The entire waste inventory is contained in
a 0,6-m layer immediately beneath the
overburden layer.

e The full-scale and pilot-scale off-gas
systems have equivalent decontamination
capabilities.

The rate constants for radionuclide re-
leases, in percent per hour, are given in
Table 1.7 for three poséib]e operating condi-
tions. These values, in most cases, repre-
sent maximum measured values during pilot-
scale tests with nonradioactive simulants.
Normal operations, with a cold cap in place,
are assumed for 75% of all operating time.
Normal operations without a cold cap are as-
sumed for the remaining 25% of the run. The




TABLE 1.7. Release Rates for Selected
Radionuciides Under Various Operation
Conditions, %/hr

With No Gas
Flement Cold Cap Cold Cap Venting
Co 0.005 0.005 0.5
Sr 0.0005 0.0005 0.05
Ru 0.0 0.0 0.0
Cs 0.01 0.01 0.5
U & Pu 0.0 0.005 0.5

gas-venting release rates represent the ex-
pected release rate of isotopes into the hood
for a site containing combustibles, However,
since no combustibles are assumed to be in
the refernce site, these rates have been used
to estimate release rates to the atmosphere
following postulated accident events.

The source-term inventory used is given in
Table 1.8, For simplicity, the total inven-
tory of the site (column 1) was divided by
the number of runs necessary to vitrify the
entire site for each case. They were 102
runs for the large-scale system and 1200 runs
for the pilot-scale system.

For the routine operations, the total
quantity of radionuclides released per run to
the off-gas system was calculated using the
inventory of Table 1.8 and the rate of
Table 1.7 and applying the equation:

Q(released) = Q(initial) (1 - e R/100 ty

where R is the rate constant in percent per
hour (Table 1.7) and t is time in hours. The
release quantity was calculated separately
for each operating condition (i.e., with and
without cold cap) using the appropriate frac-
tion of total run time, and then was summed
to attain the total release quantity. The
run times were 24 hr/melt for pilot scale,
and 34 hr/melt for full scale.

TABLE 1.8. Initial Site Radionuclide
Inventories, Ci

216 7 1A Large-Scale Pilot-Scale

Component Inventory Melt Melt
238py 1.8E+1 1.86-1 1.56-2
23%,, 8.5E+2 8.3€+0 7.1€-1
240p,, 2.1E+2 2.0E+0 1.86-1
241p, 2,5643 2.4E+41 2,16+0
242p, 7.0E-2 7.0E-4 6,0E-5
281p, 4.0E+1 4.0E-1 3.0£-2
90 7.7E-1 7.5€-3 6.4E-4
137¢ 1.4E-1 1.4E-3 1.26-4
106p,, '8,9E-3 8.7E-5 7.4E-6
60¢o 3,0E-2 2.9E-4 2.5E-5
233, 3.6E-2 3,564 3.0E-5
234 3,7E-2 3.6E-4 3,1E-5
235y 1.1€-3 1.1£-5 9.0€-7
238 2.7€-2 2.6E-4 2.26-5

Off-gas system efficiency was estimated to
range from 104 for semivolatile nuclides, and
105 for "heavy metals," to 108 for particu-
lates. For this analysis, the 105 value
for all nuclides was used, mainly because the
volatiles will not contribute for this site
(216 7 1A) and because it is conservative.

Public Dose for Routine Operations

Routine doses were calculated using the
DACRIN (Houston et al. 1974) computer pro-
gram. One-year doses and 50-yr dose commit-
ments to a maximally exposed individual and
to the general public from routine operations
are given in Table 1.9 for the organs of in-
terest, total body, bone, and lung. The rou-
tine doses are all rather small.

The 50-yr dose commitment to the bone (the
critical organ) of a maximally exposed indi-
vidual in the public from one melt, arises
almost entirely from released isotopes of plu-
tonium. The dose commitment is 9 x 1079 rem
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TABLE 1.9. Public Doses from Routine Operations

Maximum Individual,

Population,

rem man-rem
1-yr Dose  50-yr Dose 1-yr Dose 50-yr Dose

Large-Scale Operations
Total body 7E-11 4E-8 3E-6 2e-3
Bone 2€-9 9E-7 1E-5 AE-2
Lung 2E-7 8E-7 7E-3 3E-2

Pilot-Scale Operations
Total body 4E-11 3E-8 2E-6 C1E-3
Bone 1E-9 6E-7 4E-5 2E-2
Lung 1E-7 bE-7 AE-3 2E-2

for the large scale, and 6 x 10710 for the
pilot scale, assuming a nominal off-gas de-
contamination factor of 10°. Thus, for any
run, the dose is about a factor of 15 greater
for the large scale. However, to do the
entire example site, the dose from all runs
is 9 x 1077 rem for the large scale and

7 x 1077 for the pilot scale.(2) The total
dose for the entire site is slightly higher .
for the large-scale system (about 20%) be-
cause, although fewer runs are required, the
scale-up predictions are such that any one
particular piece of soil is molten for a
slightly longer period than for the pilot
scale, allowing an incrementally greater.
release. The doses in either case are ex-
tremely small compared with the 500-mrem
Timit for the maximum individual and the
175-mrem limit for an average individual

permitted under DOE guidelines.

Potential Accident Releases

Six scenarios for accidental release were
developed to evaluate the potential impacts

(a) Doses for all runs for the example site
are derived by multiplying the dose by
the number of runs; 102 for the larger
scale system and 1200 for the pilot-scale
system.

for the large-scale and pilot-scale systems.
These were: 1) a leak in the off-gas line
between the hood and the off-gas system,

2) an underground explosion of buried chemi-’
cals, 3) a leak of the off-gas cleanup water
inside the off-gas trai]er, 4) a gas leak in-
side the off-gas trailer, 5) an accidental
release of radionuclides while removing over-
burden from a site prior to vitrification,
Only the first two

provide any discrimination between the pilot-

and 6)’a criticality.

and large-scale operations. This is because
they are theaonly ones that cause an increase
in dose to the public over routine opera-
tions. These two events are described as the
following:

o Effluent Line Leak - The run is proceeding
The effluent
line between the hood and off-gas system

is disrupted such that all the gaseous ef-

normally, with no cold cap.

fluents are released directly to the at-
Power to the electrodes is cut
The effluents released

mosphere.
off immediately.
to the atmosphefe decrease exponentially
as a cold cap formé over the melt area.
The doses reported for this scenario were
calculated assuming gas venting was
occurring at the time of the accident.

1f there was no gas venting, the doses
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would decrease by a factor of five for the
case of no cold cap, and, because no
transuranics are released with a cold cap,
by a factor greater than 100 for a melt
with a cold cap.

Fxplosion - The run is proceeding nor-
mally, with no cold cap. An explosion
occurs within the hood with sufficient
force to dislodge the hood from the off-
gas system. Power to the electrodes is
cut off immediately. Gaseous effluents
are assumed to be released at a rate ten
times normal for 5 min following the ex-
plosion, and then revert to an exponential
decrease from the normal level with a
0.5-hr half time.

for this scenario because any substance

Gas venting is assumed

supplying the energy for an explosion is
also assumed to contribute to venting.

TABLE 1,10,

Maximum Individual,

rem

Public Doses from Potential Accidents

Doses for the accident scenarios were cal-
culated using the HADLOC computer code and
are presented in Table 1.10. The worst acci-
dent postulated for an operating ISV system
is a chemical explosion destroying the off-
gas hood, and thus incapacitating the off-gas
system. The 50-yr dose commitment to an off-
site individual in this case is conserva-
tively estimated to be less than 1.0 rem for
the large-scale system and 0.08 rem for the
pilot-scale system. The order of magnitude
difference reflects the increased amount of
material available for release. This assumes
that the melt is undergoing gas venting at
the time of the expiosion, the weather condi-
tions are unfavorable, and the individual is

only 5 miles away for 4 hr. The explosion

Public Doses from Postulated Accidents

Population,
man-rem

T-yr Dose 50-yr Dose

T-yr Dose 50-yr Dose

A) Explosion

Large-Scale Operation

Total body 1E-3 5E-2 3E+0 1E+2
Bone 2E-2 1E+0 6E+1 3E+3
Lung 1E-1 3E-1 3E+2 TE+2
Pilot-Scale Operation
Total body 8E-5 4E-3 2E-1 1E+1
Bone 2E-3 8E-2 SE+0 2E+2
Lung 1€£-2 2E-~2 3E+1 6E£+1
B) Off-Gas Leak
Large~Scale Operation
Total body 4E-4 2E-2 1€+0 6E+1
Bone 1£-2 5E-1 3E+1 1E+3
Lung 5E-2 1E-1 1E+2 3E+2
Pilot-Scale Operation
Total body 4£-5 2E-3 1£-1 5E+0
Bone 9E-4 4E-2 2E+0 1E+2
Lung 5E-3 1E-2 1E+1 3E+1




scenario is an upper limit; however, it is
not significantly worse than a simple loss of
off-gas system.

Because of the conservative assumptions
used, the doses estimated from the postulated
accidents are undoubtedly higher than would
actually be received. The relative magni-
tudes of the accident doses should be used
for comparing the two options rather than

estimating the actual effects.

1.4 DEFENSE BYPRODUCTS UTILIZATION AND
PRODUCTION (AR-05-15-25 - 80576/
GE-03-47-03 - 80401)

The objective of this program is to iden-
tify applications for nuclear byproducts and
to develop techniques for recovery of these
materials. Emphasis in FY 1983 will focus on
recovery and potential applications of fis-
sion-product strategic noble metals, develop-
ment of advanced isotope-fueled power~
production devices, and demonstration and
deployment of radioisotope-powered lights in
the far North.

Summary

The DOE Plan for Recovery and Utilization
of Nuclear Byproducts from Defense Wastes,

along with an Executive Summary under sepa-
rate cover, has been submitted to DOE for
approval.,

The techniques of melt casting and hot
pressing of strontium fluoride have been ex-
amined to obtain high densities, and thus,
higher heat-per-unit volume for byproduct
strontium-90 capsules. Both techniques are
capable of yielding bulk densities 99% of
theoretical. However, the apparently simpler
process of melt casting has a further advan-
tage of purifying the power during the
process.

High-efficiency thermomechanical genera-

tors are considered for coupling with radio-
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isotope-heat sources. Stirling engines ap-
pear to have a number of advantages for these
systems, .and mechanical, thermal, and shield-
ing calculations have been performed for var-
ious design concepts. The program goal is to
construct a radioisotope-powered convertor
for testing and demonstration.

Irradiated nuclear-reactor fuels contain
considerable quantities of the strategically
important noble metals, palladium, rhodium,
and ruthenium.. Health physics effects of the
small amount of radioactivity associated with
these -metals are being evaluated and show
that the weak beta from 197pg will exhibit no
hazard from an external dose but could be of
some concern from an internal dose. Four
techniques for recovery of the noble metals
from the nuclear waste include: carbon-
sorbate adsorption, selective reducing-resin
adsorption, precipitation during sugar deni-

tration, and molten-lead extraction.

Department of Energy Plan for Recovery and

Utilization of Nuclear Byproducts from

Defense Wastes

The DOE Plan for Recovery and Utilization

of Nuclear Byproducts from Defense Wastes
(DOE-DP-0013, Vol. 2) has been prepared and
submitted to DOE for review and comment., A
short Executive Summary (DOE-DP-0013, Vol. 1)
was also prepared and submitted under sepa-

rate cover to be used by management, Con-
gress, and others desiring the conclusions
and rationale of the plan without the sup-
porting data used in its development. The
plan concludes that uniquely useful, intrin-
sically valuable, and strategically important
materials are contained in the fraction of
the reprocessed fuel now considered waste.
Some of these products have already proven
applications while others have high potential

=



for use in applications such as food tech-
noltogy, agriculture, energy production,
public health and safety, medicine, industry,
and national defense. The plan also con-
cludes that the removal and use of several of
these byproducts will significantly reduce
the heat and radiation remaining in the waste
and thus facilitate its management and
disposal.

The plan outlines DOE's policy and strat-
egy for recovery and development of applica-
tions for these nuclear byproducts. It rec-
ommends a development plan consistent with
cost/benefit principles involving the poten-
tial user early in the research phase of the
program. The plan recommends that the ini-
tial program focus on the following six
areas: 1) heat and power sources, 2) food
and sludge irradiators, 3) self-powered
lighting, 4) strategic noble metal recovery,
5) rare gas supply and application, and
6) supporting studies. The plan also con-
tains detailed supporting information on the
current and potential availability of se-
lected byproducts and a description of cur-

rently identified applications.

Isotopic Heat Source Development

The major heat-producing isotope from the
nuclear byproducts is strontium-90, which
along with its short-lived daughter,
yttrium-90, yields 0.93 W of heat per gram of
the isotope. This isotope has been used to a
limited extent for remote power generation
using thermoelectric conversion of the heat
to power. The strontium is currently removed
from the waste at Hanford to reduce the ther-
mal output of the remaining waste and is con-
verted to Srf, and encapsulated in double-
walled metal capsules and stored under water

in the Hanford Waste Encapsulation and Stor-
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age Facility (WESF). In the past, the dried
SrF2 powder has been compacted in the metal
capsules by cold compaction techniques to a
density ranging from about 3.0 to 3.4 g/cm3.
For many byproducts'applications, however, it
would be advantageous to reduce the volume of
the isotope. To achieve this reduction in
volume, we have initiated a modest effort to
evaluate the feasibility and determine some
of the operating parameters for melt casting
and hot pressing or extruding Srf, to a den-
sity near theoretical (4.24 g/cm3). For
these experiments, impurities were specifi-
cally added to nonradioactive Sr(N03)2 and
precipitated as the fluoride to simulate the
fission-product composition from WESF. The
composition of the powder containing ~5%
impurity is shown in Table 1.11,

Melt Casting

Pure Srf, melts at 1473°C and vaporizes at
1 atm pressure at 2489°C.
clude that melt casting of the compound has

Therefore, we con-

potential for obtaining a higher density
solid. Melt casting experiments were per-
formed in a stainless steel vacuum chamber
equipped with coils for induction heating.
To date, studies have been conducted by:
1) melting and casting the powder directly in
the graphite mold, 2) melting in a graphite
melting crucible and bottom-casting into a
receiving mold for cooling and solidification
or 3) melting and casting directly in a tan-
talum mold. In all three cases, the casting
operation was conducted under about 1/3 atm
of argon because heating under vacuum caused
excessive spattering due to rapid out-gassing.
The impure powder melts at ~1350 to
1400°C, but experiments were conducted from

this range up to 1500°C in an attempt to




TABLE 1,11. Nominal Compos1t1on( a) of Srfy
5?355?33‘_}0m Sr(N03),
Component Weight %

Sr 64.40
F 31.30
Al 0.15
Ba 0.45
Ca 0.15
Cd 0.02
Cr 0.15
Fe 0.22
K 0.12
Mg 0.02
Mn 0.01
Na(b) 1.50
Ng(c) 0.50
Ni 0.15
Pb - 0.02
zr{d) 0.84

(a) Based on composition of feed to precipi-
tation step.

(b) May vary, depending on washing of fluo-
ride precipitate.

{c) Nd usegoas stand-in for all rare earths.

(d) Zr in “5Srf, will 1ncrea§8 w1th ime

550m the decay process, ~ Sr + N0y,

optimize the process parameters by decreasing
the viscosity and increasing the out-gassing
rate. Time at temperature was also varied
from 5 to 20 min before cooling and solidifi-
cation. In most céses, the powder had been
vacuum-dried for 24 hr at 275°C prior to bak-
ing in air at 1000°C, but two experiments
were conducted on powders dried only at 150°C
to evaluate the feasibility of eliminating a
separate drying step}

The results of this series bf tests have
led to the following conclusions:

° Me]t-castiné appears to be a viable option
for obtaining high-density solid strontium

fluoride in hot cells.

1.30

e Physically stable Srf, ingots of ~7.5 cm
dia by 4.8 cm high have been produced with
densities ranging from 3.8 to 4.2 g/cm3
(90-99% TD).

e Excellent castings were obtained when the
molten salt was bottom-cast from a graph-
ite melting crucible into a graphite mold.
Bulk densities in excess of 96% of theo-
retical were achieved with the porosity
limited to small pores on the surface of
the side wall.

o Significant chemical purification occurred
during the casting; sodjum and potassium
fluorides tend to volatilize and condense
on the cold vacuum chamber surface; iron
and some other metal ions are reduced by
the carbon and deposit as metals on the
crucible wall,

e Casting dimensions appear to be control-
lable and predictable.

e Casting powders dried at 150°C, but not
baked, yield relatively high-density sol-
ids (~90% TD).
to incomplete outgassing of the moisture

Porosity appears to be due

from the melt, Further out-gassing or
bottom-pouring may be required to yield
the desired density.

e Cast SrF, can be sanded on a wet-belt
sander to adjuﬁt final dimensions without
substantial dust generation.

Other parameters will be examined in fu-
ture experiments. Castings with a length/di-
ameter ratio of 3 to 4 will be demonstrated
and a variety of out-gassing techniques exam-
ined. On completion of these studies, adap-
tation of this technique to hot cell use and
for use on waste generated from future PUREX

operation should be considered.

-
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Hot Pressing

Another technique that has been used to
obtain high-density Serbis hot pressing.
It has the advantage over casting of not re-
quiring so high a temperature, but it does
The hot
press used in these experiments has a maximum

require high-pressure equipment.

temperature capability of 2200°C and a press-

3 hot zone.

ing force of 30 tons in a 25-m
The experiments examined for this study used
a graphite die 2.2 c¢cm inside diameter and
11.5 cm long with pressure applied only from
the top. Maximum pressures in the test were
limited to 27.5 MPa (4000 psi) by the
strength of the graphite die.

A series of experiments was conducted to
examine the effect of temperature, pressure,
and atmosphere on the resulting solid. The
results are shown in Table 1.12, These re-

sults show that strontium fluoride can be

hot pressed to near theoretical density over
a reasonable range of operating conditions.
Hot pressing does not significantly purify
the powder; thus the specific power achiev-
able from 90Ser is somewhat lower than cast
powders due to both higher impurity content
and lower theoretical density. The rela-
tionship of pressing time, temperature, and
pressure on density are shown graphically in
Figures 1.7 and 1.8.

Development of Radioisotope-Powered Thermo-

mechanical Generators (RTMG)

Radioisotope thermoelectric generators
(RTG) have been used as remote power sources
for both space and terrestrial applications
for many years. Most space applications have
used 238Pu as the power source, while ter-
restrial applications generally use 9OSr. As

potential applications of remote power expand,

TABLE 1,12, Results of Hot Pressing Srf,

Furnace  Final(2) Immersion Time for
Run TeTP., Die Iemp., Pressgre, Densi&y, Densification,
No. C C psi g/cm min
141 1000 940 4000 4,26 7.2(b)
142(¢) 900 825 4000 4.13 11.2
143 850 780 4000 4,11 17
144 800 730 4000 4,11 20
145 750 700 4000 4,10 31
146 680 637 4000 4.03 125
147 850 780 3000 4,11 19
148 850 780 2500 4,11 19
149 850 815 2000 4,10 45
151(d)  gsg 740 4000 4.11 17
153(e)  gsp 780 4000 4.11 26

) Or temperature when densification was complete.

(a
Eb) For first-stage densification,
c

) A small amount of material extruded into the punch/die gap

but did not come out of the die.
(d) Argon atmosphere.
(e) Length/diameter = 2,73,
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FIGURE 1.7, Effect of Temperature on Densification Rate of Srf,
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FIGURE 1.8. Effect of Pressure on Densification Rate of Srf,

there is considerable incentive to develop
more efficient conversion systems because of
the limited supply of 90g. and the cost of
producing 238p,.  Thermoelectric devices
currently available produce power very
reliably, but the efficiency is limited to
about 8%. On the other hand, thermome-
chanical conversion devices have been shown
to produce power with efficiencies up to 38%
and with the potential of even further in-
creases. Table 1,13 illustrates the poten-

tial power available from fission-product
strontium as a function of conversion
efficiency.

One attractive heat engine considered for
radioisotope-power conversion is the Stirling
engine invented by a Scottish minister in
1818. Stirling engine use over the years has
been Timited, but development is reaching an
advanced state. Free-piston Stirling engines
have now been developed and operated for
extended periods. One such engine, fueled

-



TABLE 1.13.
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Comparative Utilization of Strontium-90

Electrical Power Production, kWe

RTG RTMG

< Amount » (2) 8% 0% 307 07,

Strontium Source kWt Efficient Efficient Efficient Efficient
Current B-Plant and WESF
o 90sr/sr >0.4 104 8.3 21 31 42
e 90sr/sr 0.4 to 0.25 220 (b) 44 66 88
Future Hanford PUREX 230 18 46 . 69 92
Savannah River Plant
e Present through 2000 620 50 124 186 248
Commercial Waste
e Accumulated through 1981 2,500 200 500 750 1,000
e Accumulated through 2000 53,000 4,200 11,000 16,000 21,000

(a) As of 7-1-82.

(b) RTG usage generally limited to >0.4 90sr/sr.

with radiocactive strontium titanate, has op-
erated for over 8 years without maintenance
while producing power with an overall effi-
ciency of 17 to 20%.
Stirling engine designé with conversion ef-
ficiencies in the range of 30 to 38% have

In addition, other

been demonstrated., These machines have the
potential for long-life, maintenance-free
operation but currently have not been oper-
ated for extended periods.

A major objective of this program is to
construct and test a radioisotope-powered
converter that will produce power reliably
with an efficiency of from 20 to 35%. Re-
cently, contacts have been made with Stirling
engine developers to obtain the necessary in-
formation to select the most promising system
for use with radioisotopes. Heat-source
design is also under way, and thermal, me-
chanical, and shielding calculations have
The

most promising designs use efficient heat-

been performed on a variety of systems,

transfer methods such as heat pipes to reduce

the temperature’difference between the ijso-
tope and the engine interface.

Various shielding designs are being evalu-
ated, including the use of tungsten operating
at high temperature inside the thermal insu-
Tation and the use of vacuum-foil insulation
inside the biological shield with a less
refractory shield operating at near-ambient
temperature,

From these various concepts, an engine
will be obtained and coupled to a heat source
to provide an isotope-fueled converter for
testing and demonstration,

Noble Metal Recovery and Use

Relatively large quantities of palladium,
rhodium, and ruthenium are included in the
fission products from irradiation of nuclear
fuels. The high value and strategicvnature
of these metals provides considerable incen-
tive to examine the potential for their re-
covery and ultimate use, Thus, a program was

initiated during the summer of 1981 to




examine potential recovery techniques and to
determine potential applications.

Current nuclear wastes at Hanford and
Savannah River Laboratory‘are reported to
contain about 1400 kg of palladium, 2000 kg
of rhodium, and nearly 7000 kg of ruthenium.
Significantly larger quantities are present
in currently stored commercial spent fuels,
with the potential for about 600,000 kg of
these metals from commercial fuels between
now and the year 2020.

Fission-product palladium is composed pri-
marily of nonradioactive isotopes, with 17%
being 107pd, a 0.035 MeV beta emitter with a
half-life (tl/Z) of 45,000,000 years. Rho-
dium is almost entirely stable 103Rh, with
IOZmRh (tl/z =
Rh (t1/2 = 2.9 years).

only a trace of radiocactive
206 days) and 102
Fission-product ruthenium contains several
stable isotopes plus radioactive 103Ru
(t1/2 = 39 days) and 106g,, (t1/2,= 367 days).
These metals have multiple uses as noble-
metal catalysts, corrosion—resistant metallic
components, and a variety of other applica-
tions. However, the presence of Tow Tevels
of radioactivity requires consideration of
the health effects that could result from
utilization of these valuable byproducts. At
Teast three categories of application need to
be considered: 1) usé in a radiation envi-
ronment where radioactivity from noble metals
is of no additional concern, 2) use in indus-
trial applications where the materials are
isolated from the environment and can be ade-~
quately controlled, and 3) unlimited applica-
ere In the

latter case, one must be concerned about any

tion where no control is required.

potenfial application which might use the
product from recycle or reuse of the mate-
rial. Thus the hazards involved from its use
as jewelry or tooth or body implants, etc.,

must be evaluated.

1.34

Health Physics Assessment

The purpose of this task is to review the
uses of reactor-produced noble metals and to
estimate the radiation doses to workers and
the geqeral population from these uses. Our
work has focused on reactor—proddced palla-
dium, particularly on the possible occupa-
tional and public exposure from 107Pd that
could result from uncontrolled use of the
metal. The radiation doses considered in-
clude doses from objects outside the body,
doses from metals inhaled as fumes and aero-
sols, and doses from surgical implants or
dental prostheses.

In considering the dose from radiation
sources external to the body, there are three
organs or groups of organs for which an ex-
ternal dose is calculated: skin, lens of the
eye, and the whole body. For calculation,
these organs are assumed to lie at a depth of
70 ym, 0.3 cm and 1.0 cm, reépective1y. Spe-
cific dose 1imits have been established for
5 rem, 30 rem and
These depths

represent the location of the radiation-

these three organ systems:
5 rem per year, respectively.

sensitive tissues; radiation which does not
penetrate to these depths is not considered
to provide a meaningful dose. For example,
the skin consists of two major. layers, the
dermis and the epidermis (the outermost
layer). The epidermis is likewise composed
of layers; beginning at the deepest, they are
the stratum basale, stratum spinosum, stratum
granulosum, stratum lucidum and stratum
corneum (Goss 1973, ed.; Jensen 1976). The
dose to the skin is significant only if the
stratum basale (lying at a depth of 0.07 to
0.12 mm) is irradiated, because it is the
source of new skin cells.

Beta particles generally have a short

range in tissue, and with certain exceptions,
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do not irradiate the whole body. Very low-
energy beta particles, such as those of
107Pd, will irradiate the outer layers of the
skin, where the radiation dose may be large;
but because it does not penetrate to the
basal layer, the skin dose is insignificant.
Many radionuclides, for example 99Tc, will
emit higher enerqy beta particles, which can
penetrate to the basal layers of the skin.
In these cases, the radiation dose as a func-
tion of depth into the skin must be computed.

Internal dosimetry refers to the calcula-
tion of a radiation dose to the organs of the
body from radioactive material within the
body. The internal radiation dose is a func-
tion of the energy of the emitted radiation,
the amount of radioactive material in an
organ, and the mass of the organ. Internal
doses are calculated on an organ-by-organ
basis and then can be summed to give a
“whole-body" dose. The calculations assume
that the radioactivity is uniformly dis-
tributed throughout the organ, although the
various organs may have different concentra-
tions. The time that the radionuclide will
remain in the body is a function of its solu-
bility in body fluids, and whether it is
incorporated into tissues, for example, bone.
Collectively, the distribution of the mate~
rial within the body and its eventual excre-
tion is referred to as the metabolism of the
radionuclide, A1l the energy of a beta par-
ticle will contribute to the computed radia-
tion dose because the radionuclide is sur-
rounded by living cells. This is in contrast
to external dosimetry, in which the beta par-
ticle must traverse nonliving skin before ir-
radiating living tissue.

The scientific Yiterature has been
searched by on-line computer methods to
identify papers that describe environmental

concentrations of palladium from industrial

processes such as roasting, smelting, and
refining of the metal. Once environmental
levels of palladium are known, then reason-
able estimates of a radiation dose following
inhalation of palladium at these levels may
be made.

terminations of the environmental levels of

Unfortunately, no estimates or de-

palladium, either local or in general, appear
to have been made.

The calculation of radiation dose from a
surgical implant or dental prosthesis is
similar to external dosimetry in that the
computations are those of an object in con-
tact with the skin.
layers of dead cells found on the skin do not

However, the protective

exist inside the body and may be only one-
cell layer thick in the mouth (Bloom and

Fawcett 1975).
will not penetrate dead layers of skin to

Thus palladium, whose betas

cause an external dose, will irradiate living
cells when used as an implant. The physical
characteristics of 107Pd, specifically the
low energy of the beta particle and the Tow
specific activity tend to diminish the radia-
tion hazard of pure fission-product palladium
when the palladium is contained in products
external to the body; however, surgical
implants may result in significant radiation
doses to the surrounding tissues owing to the
intimate contact and long residence times
involved.

An approximate dose rate map, showing dose
rate as a function of depth into tissue from
a metal cylinder containing 20 at% 107Pd, is
shown in Figure 1.9, The map was prepared
using techniques outlined by Brownell
(Fitzgerald et al. 1967).
assume an exponential loss of energy by the

The calculations

beta spectrum through the absorbing medium.
As can be seen, the dose rate is very high at
contact (~2 R/hr) but drops sharply at a dis-

tance of 10 to 20 um. More work needs to be
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D= 2R/hr

s

DOSE RATE

—
10-20uM

FIGURE 1.9. Dose Rate Map for Solid Pd
(20% mjPd) in Contact with Tissue

doné to identify the significance of this
analysis relative to the long-term hazard.

One analysis has shown that irradiation
due to 107pd from objects outside the body
(i.e., rings, telephone contacts, nohle-metal
catalysts, etc.) is of no significance be-
cause live cells are protected by the thin
epidermal layer. However, surgical implants
containing fission-product palladium may
cause significant doses from long-term expo-
sure directly to body organs. Exposure from
ingested dusts or aerosols can not be evalu-
ated adequately without more information on
the concentrations expected from processing
of the metals or metal ores.

Recovery Methods

Several alternatives exist that might be
applicable for the recovery of the strategic
noble metals from waste streams. For serious
consideration, these methods must be readily
adaptable to the present processing or waste-
management systems, must have relatively high
decontamination factors and specificity for
the metal ions recovered, and be able to be
implemented at a cost not exceeding the value
of the recovered product., Several specific

recovery options that appear to meet these

criteria include:

® Carbon sorbates: These are activated car-
bons that have been prepared by treating
them with chelating compounds which react
specifically with the palladium, rhodium,
ruthenium, and technetium. In earlier
work at PNL, greater than stoichiometric
recoveries of noble metals from HC1 solu-~
tions were observed. No work has been
conducted to date on nitric acid solution.

e Reducing resins: Recently developed re-
ducing resins are available that specifi-
cally reduce noble metals. While these
have been tested and evaluated in mining
operations, they have not been evaluated
for nuclear applications; but it appears
that the noble metals palladium and rho-
dium could be recovered at minimal cost
in existing processing or waste-handling
facilities.

e Precipitation of metals: It has been ob-
served (Buxton and Campbell 1981) that
significant quantities of palladium are
precipitated with a sludge during sugar
denitration of the dissolved fuel. While
the existence of palladium, rhodium, and
ruthenium in fuel processing sludge has
been known for some time, their concentra-
tions have never been determined. Such
measurements are currently being planned
under this program. If this process shows
that the sludge contains relatively high
concentrations of the noble metals, stan-
dard separation techniques can be used for
their recovery at relatively low cost.

e Lead-extraction process: This process
involves the extraction of noble metals by
extraction into a moTten-lead phase during
vitrification of the waste product. This

-




technique has been described previously
(Mellinger and Jensen 1982; Tince: 1982).

Recent results from in-can me.ter tests
using the lead-extraction process have shown
that near-quantitative separation of lead
{and thus noble metals) from the glass occurs
when the melt is held at 1100°C for 4 hr and
the quantity of carbon reductant is mini-
mized. These results were obtained from a
series of experiments using large (1000 g)
batches in an in-can melter.

The fabrication of the ceramic melter for
continuous recovery of noble metals using
lead extraction was completed (Figure 1.10).
Ceramic melters are the reference vitrifica-
tion units for the immobilization of high-
level defense and commercial wastes. This
small melter will be used to demonstrate that
ceramic melters can be modified to provide
for noble-metals recovery. Currently, high-
level wastes and glass formers are vitrified
in the melter box and the vitrified product
is overflowed to a canister, In this melter,
the simulated high-level waste glass former
and lead oxide are vitrified in the meltar
box. The lead scavenges the noble metals and
settles to the bottom‘of the box. A drain
valve is operated intermittently to drain the

lead-noble metals mix to a canister. The
borosilicate glass, minus the lead and noble
metals, is overflowed to a second canister.
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SUMMARY

Increased emphasis is being given to the
codification of test methods related to waste
package performance in geologic repositories.
Two new "umbrella" interaction test methods
are being defined in conjunction with the
repository waste package projects. One test
method, designated MCC-14, is devoted to
defining the radionuclide release from the
waste form in site-specific geologic reposi-
tory environments; thus there will be an
MCC-14 (basalt), MCC-14 (salt) and MCC-14
(tuff).
MCC-105, is a repository-specific corrosion

The other interactions test,

test designed to yield data that can be used
in predicting canister and metallic overpack
Work-
shops were held in November 1982 and February

lifetimes in a geologic repository.

1983 to obtain input from the projects on
MCC-14 and MCC-105, respectively.

Good progress was made in developing MCC
reference and test materials. A contract for
the manufacture of 500 1b of simulated waste
reference glass, ARM-1, to be delivered in
May 1983, was awarded to Schott Optical
Glass. Four actinide-doped simulated waste
glasses, ATM-1, 2, 3 and 4 were prepared for
use as MCC-approved testing materials. Prep-
arations were completed for manufacture of a
fully radioactive glass. A draft report
describing spent fuel that is available as
testing material was distributed for comment

by the projects.

Codification of waste-form test methods
and data continued. At the end of the re-
porting period MCC-1 (Rev. 1), MCC-3, MCC-12,
and MCC-D1 were under review by the Materials
Review Board. In addition, an MCC Guidelines

for Accuracy and Precision of Test Data was

submitted for MRB review.

ADMINISTRATION

The MCC work breakdown structure was con-
solidated into four technical tasks plus an
The
reorganization was made to enable the MCC to

administration task on October 1, 1982,

better meet its increasing commitment to the
National Waste Terminal Storage (NWTS) proj-
ects. Our reporting format is based on the

new breakdown structure.

WASTE MATERIALS INTERACTIONS

MCC-14 Materials Interactions Test Method

To adequately assess the long-term integ-
rity of a nuclear waste package system re-
quires investigation of the reactions between
the various components of the waste package
(waste form, canister, backfill, and host
rock) in contact with a potential groundwa-
ter. Although such a system is highly com-
plicated, the various physicochemical mech-
anisms result in the possible release of
radionuclides from the waste package sys-

tem (source term) to the groundwater for
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potential transport to the biosphere. Sev- addition to the test methods submitted by Q
eral test methods are being used by the can- each site, a set of reference conditions for

didate geologic repository site projects to the experimentally important parameters will

provide data on such mechanisms as the resul- be used in a benchmark test for each site. A

tant releases of radionuciides. The purpose flowchart of the development of the MCC-14

of MCC-14 is to codify the test methods in methods is shown in Figure 2.1, A summary

order to reduce and quantify the uncertainty Tetter report of the Materials Interactions

in the data needed for defining the radionu- Workshop was issued by the MIO,

clide source term. ’ Following the workshop, additional docu-

A Workshop on Materials Interactions Test- mentation of the test methods was submitted
ing was held in Seattle on November 18 and to the MCC from the sites. From this infor-
19, 1982, with representatives from the Mate- mation and meetings with liaison personnel,
rials Integration Office (MIO), MCC, and the draft outlines of each site test method were
repository site projects. The objectives prepared. In February a draft MCC-14 test
were to exchange information on test require- method (basalt) was distributed for review by
ments at each site, applicable methods and MCC and BWIP staff. Draft copies of the salt
procedures, and reference material needs. In and tuff versions of MCC-14 are being

MCC
\ 2
MATERIALS
INTERACTIONS
BWIP WORKSHOP
LIAISONS
S PUBLICATIONS
iNForRmaTiON | | MET 14
I GATHERING ¥  EThobs
NNWSH
T v
MCC-14 CODIFY DESIGN &
E DRAFT MCC-14 N INITIATE
982 TEST BENCHMARK
(FEB, 1982)
METHODS - TESTS
S :
ONWI
EVALUATION
AND
CONCURRENCE

MCC-14

— SUBMISSION
E
CERTIFICATION % TO MRB

(JUNE, 1983)

FIGURE 2.1. MCC-14 Development Task Flowchart @
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completed in March. Preliminary benchmark
testing using the procedures is scheduled to
begin in the third quarter. Final versions
of the MCC-14 test methods are to be sub-
mitted to the MRB in June 1983,

The MCC-14 tests use agitated-batch or
autoclave methods. When anoxic conditions
are needed, the tests are run under an inert
gas (argon) atmosphere. Rock and canister
material, and synthetic groundwater, are
those specified and in use by the individual
site projects. Radioactive waste forms are
to be supplied by MCC.

One specific concern in the MCC-14 tests
was the need to measure the elemental solu-
tion concentrations at temperature, However,
for temperatures greater than 100°C, this
does not currently appear technically feasi-
ble.

analyses of quenched solutions, following at-

Modification of existing procedures for

temperature sampling, was considered as a
reasonable alternative. The estimation of
at-temperature pH values is discussed in the
modeling interface section below. Because
some radionuclides of interest may exist in
colloidal form at temperature and/or follow-
ing the quenching process, measurement of the
radionuclide activity in both filtered and

unfiltered aliquots of solutions is proposed.

High-Temperature Solubility Methods

Efforts were begun to design and refine
experimental procedures for measuring the
equilibrium aqueous solubilities of radio-
active nuclear waste components between 25
and 100°C.
and/or measurement of important test parame-

Procedures include the control

ters (e.g., pH and the concentrations of dis-
solved constituents). Aqueous Speciation
reactions at the steady-state pH and concen-

tration values may be determined using the

MINTEQ geochemical model. The calculated
activities of the aqueous species may then be
used to derive solubility products for the
test solid phases.

A reaction vessel has been assembled using
a design similar to that used by Brush (Ph.D.
Thesis, Harvard University, 1980) (Fig-
ure 2.2).

solution can be monitored continuously.

The pH and temperature of the test

The

solution is agitated with a magnetic stirrer

and purged with water-saturated argon gas for
removal of dissolved COZ. Dissolved carbo-
nate forms strong aqueous complexes with many
dissolved cationic constituents, The reac-
tion vessel is designed so that aliquots of
the solution can be withdrawn periodically
and filtered at temperature before being ana-
lyzed. Solid reaction products will be char-
acterized by x-ray diffraction, electron
microscopy and surface analysis techniques.

Applicable experimental procedures from

MCC-1, -2, and -3 test methods will also be

added as the test method is developed.

The first set of solubility experiments is
being conducted with schoepite (U0,(0H),<2H,0)
and dehydrated schoepite (UOZ(OH)Z). The
uranium system was selected because:

1. Uranium is present in nuclear reactor
wastes.

2. The solutions are not highly radioactive
and thus easier to work with during devel-
opmental stages.

3. The uranium solubility data will be valu-
able for assessing maximum concentrations
of uranium in groundwaters.

The U(VI) hydroxides were synthesized from
the aqueous dissolution of solid UD3. Con-
centrations of total dissolved uranium from
0.1-um and 0.015-um filtrates were measured
by a laser-induced fluorescence technique.

During the 15 days of the first experi-

ment, uranium concentrations up to ~305 mg/L
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FIGURE 2,2, Apparatus for Schoepite Solubility Measurements

were measured at pH 4 and 25°C. However,
small fluctuations (less than a factor of
two) in the uranium concentration after this
time are being investigated to determine
whether a €0, leak is present in the system
or there are errors in the uranium analysis
methods.

Interfacing with Modeling Activities

The MINTEQ geochemical model was used to
identify possible equilibrium solubility con-
trols for solution compositions derived from
l-year MCC-1 leach experiments at 90°C using
PNL 76-68 borosilicate glass. These modeling
calculations also permitted an estimation of
the pH at the temperature of the leach
experiments.,

The modeled solution analyses are those
reported by Strachan (1982). The leachant
solutions included deionized water (DIW), a
silicic acid/sodium bicarbonate solution, and
a concentrated K-Mg-Na-C1 brine. Possible
solubility controls were calculated using the
reported pH, Eh, and temperature values for

the constituents Si, In, Pb, P04, C03, and Mo
in the solutions. It is important to note
that no fewer than 38 different aqueous spe-
cies are needed to adequately calculate the
aqueous speciation for the DIW solutions,
Determinatiions of the possible solubility
controls for the silicate and brine solutions
have been computed and are included in a
paper, "Solubility Interpretations of Leach
Tests on Nuclear Waste Glass," by D. Strachan
and K, Krupka, being presented at the Ameri-
can Chemical Society meeting in March.

The solubility controls for the leachates
described above were calculated from pH val-
ues measured at room temperature. The re-
ported values may not represent the pH (i.e.,
the activity of the uncomplexed H* species)
of the leachates at the test temperature of
90°C, and thus may lead to some ambiguity in
the calculated aqueous speciation and pre-
dicted solubility controls. Therefore, in-
situ pH values were estimated for the DIW and
silicate solutions by the method of mass bal-
ance of total ionizable hydrogen content
(Truesdell and Singers 1974)}. The pH values

-



estimated by this method for the various
leachates were ~0,9 to 1.0 pH units lower
than those measured at room temperature.

The calculation of solubility controls is
affected significantly by using these esti-
mated pH values. This is especially true for
the silicate solids, for which solubilities
depend on the speciation of the dissolved
silica.

CORROSION

Test Method Development

MCC-101 Static-Immersion Corrosion Test
Method. This test method was submitted to
the MRB in the previous reporting period and
was reviewed by the OTC-MRB (Office of the
Chairman of the Materials Review Board) and

returned to MCC for revisions, which are
under way.

MCC-102 Flowing-Immersion Corrosion Test
Method. This test method was submitted to
the MRB in the previous reporting period and

was reviewed by the OTC-MRB and returned to
MCC for revisions, which are under way. Both
MCC-101 and 102 are based on National Asso-
ciation of Corrosion Engineers and American
Society for Testing and Materials practices.

MCC-103P Stress-Corrosion-Cracking Suscepti-
bility Test Method. This test method was
balloted by the full MRB and given approval

for publication in the Handbook.

MCC-104S Stress-Corrosion-Cracking Suscepti-
bility Test Method. This test method was

submitted to the MRB during the last report-
ing period and was returned to MCC for revi-

sions to clarify the relations of three sep-
arate procedures incorporated in the test

method. A revised draft of the method was
resubmitted to the MRB. Testing of 1020
steel according to the proposed MCC-104 tech-
niques was started to further substantiate
the method. Review of the test method by
ASTM was also begun.

MCC-105 Test Method for General Corrosion in
Repository Environments. This test method is

directed toward obtaining data on metallic
structural barriers in the presence of rocks
or salt and repository-relevant groundwaters
or brine. The method will specify benchmark
conditions of temperature, radiation dose
rate and oxygen level. The benchmark tests
will provide a basis for comparing and evalu-
ating data obtained under more varied
conditions.

Workshop on MCC-105, February 3-4, 1982

A workshop for MCC and NWTS Waste Packages
investigators from ONWI, BWIP and NNWSI
(0Office of Nuclear Waste Isolation, Basalt
Waste Isolation Project, and Nevada Nuclear
Waste Site Investigations) was held to obtain
input for MCC-105 Test Method for General
Corrosion in Repository Environments. Each
site representative presented an overview of
the site's test program and described test
methods. The MCC offered a strawman MCC-105
consisting of a static corrosion test with
benchmark conditions of temperature (90 and
150°C), radiation dose rate (0 and 10° R/L)
and two oxygen levels, very low and air-
equivalent saturation. The sites provided
some immediate comments and generally ac-
cepted the approach. Further input will be
obtained when the MCC provides each site with
a draft for review later in the year. The
subject of reference and test materials was
discussed and there was general agreement




that Approved Test Materials (ATM) were ap-
The ATMs would be

single heats of commercially-available mate-
rials such as 1020 steel, TiCode 12 and 304L
The primary purpose of using ATMs in

propriate for MCC-105.

steel.
this case is to eliminate material variabil-
ity as a factor in relating various data on
corrosion and to establish credibility in a
broad range of data taken under conditions
other than the benchmark conditions of
MCC-105,

Compilation of Corrosion Data

The report State-of-the-Art Report on Cor-

rosion Data Pertaining to Metallic Barriers

for Nuclear Waste Repositories, PNL-4474, by
M. D. Merz, was issued in October 1982. The

report presents a compilation of published
corrosion data on metals that have been sug-
gested as canister and overpack materials.
The data are categorized according to the
solutions used in testing: high-ionic
strength solutions {such as seawater and
brine) and low-ionic-strength waters (such as

basalt and tuff waters).

WASTE FORM CHARACTERIZATION

MCC-1 Static Leach Test Method

Submittal of MCC-1R to the MRB

The MCC-1 Static Leach Test Method was re-
submitted to the MRB.
modified for use with highly radioactive

This version has been
waste-form specimens. Basically the changes

require the use of leach vessels constructed

of inert materials such as gold, platinum, or
fused quartz and the use of inert atmospheres
to suppress the generation of HNO3.

2.6

Comparison of MCC Data with NBS Data

Accuracy and precision with the MCC-1 test
method have been difficult to determine
partly because of the lack of a standard on
which to base a comparison. To enable such
comparison the MCC obtained a sample of glass
produced by the National Bureau of Standards
(NBS).
composition as MCC 76-68 glass but with the

This glass has basically the same

iron and chromium removed (MCC 1982). The
glass is very homogeneous and the composition
is accurately known. A set of five specimens
of this glass was prepared as prescribed by
the MCC-1 test method. An additional set of
nine specimens was polished in the same man-
ner as did NBS, using 600 grit SiC powder.
A11 these specimens were leached at 90°C in
deionized water as per the MCC-1 test method.
The results from these specimens were ana-
lyzed statistically. Other than pH, only
small statistical differences were found.

The NBS had found that zinc was not a well
behaved element and yielded data that were
not reproducible (MCC 1982),

Table 2,1 compares the data from the set
of nine specimens with those from NBS test-
ing. The standard deviations in the MCC data
are about a factor of two larger than those
from the NBS and the means for the MCC data
are on the average about 5% higher than those
from the NBS. The 0.27 pH unit difference
between the NBS data and the MCC data may
also be linked to the high bias. High bias
probably resulted from the temperature con-
trol, which was *1°C at the MCC and *0.04°C
at the NBS, It is interesting to note that
the pH obtained by the MCC under “air-
equilibrated” conditions is higher than that
obtained by the NBS under inert atmosphere.

This is contrary to what would be predicted

-
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TABLE 2.1.

Comparison of MCC-1 Results from the NBS and the MCC

NBS Mean NBS Standard MCC Mean MCC Standard

Element Value, mg/L Deviation Value, mg/L Deviation
B 1.37 0.025 1.32 0.051
Ba 0.0077 0.00025 0.0077 0.00034
Ca 0.138 0.0094 0.147 0.0081
Cs 0.431 0.0081 0.447 0.015
Mo 0.523 0.0093 0.526 0.0189
Na 4.45 0.170 4,84 0.364
Si 5.46 0.102 5.87 0.200
Sr 0.0310 0.0010 0.0320 0.0009
In 0.0245 0.00448 0.0310 0.0077
pH 9.34 0.04 9.70 0.02

if 002 from the air were a major concern
(Barkatt, Barkatt, Pehrsson, Szoke, and
Macedo 1981).

MCC-3 - Agitated-Powder Leach Test Method

This test method, plus supplemental mate-
rial, was resubmitted to the MRB in March.
The supplemental material contained results
from tests performed with three particle size
fractions of powdered MCC 76-68 glass at 90°C
in deionized water, which show that the
steady-state pH and the concentration of some
elements, such as Cs, La, Nd, and Si, are a
function of particle size. Particle size
fractions of -10 + 40, -100 + 200 and -325
mesh were studied at 90°C with constant, but
gentle, agitation. The steady-state pH de-
creased with increasing particle size (Fig-
ure 2.3). As the pH increased, an increase
in the steady-state silica concentration was
noted (Figure 2.4). Although steady-state
silica concentrations were observed, the
soluble elements, such as boron and sodium,
did not reach steady-state. During the reac-
tions a silica-rich gelatinous material
formed, apparentliy with a composition much
Tike that of the gel layer that normally

—N
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FIGURE 2.3. Effect of Particle Size on pH
(MCC-3 Test Method, 76-68 Glass in Deionized
Water at 90°C)

forms on this glass. Although the analyses.
are not yet complete, initial X-ray data
indicate iron-zinc silicates with a silicate
sheet structure analogous to clay and talc

minerals.

REFERENCE MATERIALS AND ANALYTICAL METHODS

MCC-D1 One-Year Leach Test Data for PNL 76-68
Glass

Data package MCC-D1, first submitted on
August 2, 1982, was revised to respond to
detailed comments from the OTC-MRB. The
revised data package was resubmitted to the
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FIGURE 2.4, Effect of Particle Size on Leachant Composition
{MCC-3 Test Method, 76-68 Glass in Deionized Water at 90°C)

0TC-MRB on January 20, 1983, and was supple-
mented with additional requested information
on February 24, 1983.

The revised proposed chapter for the Hand-
book, "MCC Guidelines for Accuracy and Preci-
sion of Test Data," was reviewed by the
0TC-MRB and returned to MCC with eight pages
of comments. The guidelines were revised to

accommodate the comments and resubmitted.

Installation of Instruments for Characteriza-

tion of Radioactive Nuclear Waste Materials

The shielded analytical instruments for
analysis of radiocactive waste materials have
been installed. Cold test runs and calibra-
tions of the SEM with its x-ray fluorescence
analyzer and of the inductively coupled
plasma emission spectrometer (ICP) have been
conducted satisfactorily. Experience with

analysis of radioactive particulate specimens
on the shielded x-ray diffractometer (XRD)
showed that additional specimen transfer pro-
tection was desirable; the necessary modifi-
cations are under way on the XRD, and were
added also to the SEM, The commitment of the
ICP and SEM to fully radioactive materials
has been delayed by problems in supplying the
necessary building services of drains for
radioactive liquid waste and ductwork for
filtered air ventilation. Meanwhile, the SEM
has been used successfully on low-level reac-
tor corrosion product specimens.

Reference Materials

ARM-1

A contract for manufacture of 500 1b of
simulated waste reference glass ARM-1 was

-



awarded to Schott Optical Glass, Duryea,
Schott has obtained all
necessary components for the glass, and has

Pennsylvania,

prepared a small test run satisfactorily.
Delivery of the glass to the National Bureau
of Standards for evaluation is scheduled for
May 1983.

The contract with NBS for assistance in
obtaining ARM-1 was put in place. NBS repre-
sentatives have played an active role in
selecting the reference glass specifications
and in consulting with Schott and the MCC
regarding preliminary details of the glass
preparation. NBS has also supplied Schott
with a laboratory specimen of glass of simi-
lar composition and will continue to advise
Schott as necessary to assist them in meeting

MCC specifications.

ATM-1, 2, 3, 4

Four doped simulated waste glasses have
been prepared for use as MCC-approved testing
materials. All four were made by adding ap-
propriate quantities of dopants to existing
waste glass type MCC 76-68,

tions of the glasses are given in Table 2.2,

The specifica-

Detailed analysis and characterization of
these glasses is in progress.

TABLE 2.2,
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Fully Loaded Radioactive Reference Glass

Preparations have been completed to manu-
facture about 4000 g of fully loaded radioac-
tive waste glass for use as an MCC-approved
testing material. Existing Nuclear Waste
Vitrification Project waste solution at PNL
will be calcined and converted to glass of a
composition based on the Barnwell process.
The specific composition will be that being
recommended by March 31, 1983, from PNL's
glass development work in progress in the
Cold
test runs and calcination of the liquid waste
are scheduled for March 1983,

Commercial High-Level Waste Program.

Reference Spent Fuel

A draft of a report discussing criteria
for selection of reference spent fuels for
use as ATMs and summarizing fuels available
for that purpose was completed and is under-
It concludes that
the H., B. Robinson and Turkey Point fuels

going internal review,

are both acceptable representatives of the
currently most abundant type of spent fuel,
namely, moderate burnup, fragmented UO2
pellets with low fission-product release.

A similar conclusion was reached in informal

Specifications of Approved Testing Materials

{ATT Prepared from MCC 76-68 Simulated Waste Glass)

Dopant Glass
Concentration, Quantity,
Designation Dopant wt% g

1A uo, (depleted) 4,0 4000
18 uo, (normal) - 3.98 430
2 Am203 0.064 410
3 NpO, 0.306 440
4 Pul, 0.062 430




discussions between MCC and local NWTS proj-
ect representatives.

The selection of a specific fuel for the
MCC reference testing material will depend on
characterization information available for
each spent fuel type, the amount and form of
available materials, and the cost of acquisi-
tion by MCC.
of post-irradiation treatment and storage al-

Also of concern are the effects

ready experienced by the fuel (size of sec-
tioned pieces, storage atmosphere, present
physical condition of available material,
etc.). Each NWTS project has been asked to
submit a summary of the types of material
characterization they consider particularly
important in evaluating their planned reposi-

tory-specific tests,
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2.0 NUCLEAR WASTE MATERIALS CHARACTERIZATION
CENTER

The objective of the Nuclear Waste Materials Characterization Center (MCC)
is to provide a data base that will include information on the components of
the waste emplacement package (the spent fuel or processed waste form and
the engineered barriers), their interaction with each other, and the effects of
their environment. The MCC develops test methods and obtains materials data
as necessary and submits these to the Materials Review Board (MRB). After
test methods and data have been approved by the MRB, the MCC publishes
the approved methods and data in the Nuclear Waste Materials Handbook.



3.0 WASTE ISOLATION

The objective of the Waste Isolation Program at PNL is to support the National
Waste Terminal Storage Program’s efforts to develop the technology and facili-
ties required for the safe and environmentally acceptable disposal of nuclear

waste,
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3.1 OFFICE OF NUCLEAR WASTE ISOLATION
(ONW1)

3.1.1 Waste Package Program (DA-30-30-01 -
80579)

The main objective of the Waste Package
Progran ig to help provide the necessary
data base om waste package components and
mul ticomponent interactions to qualify a
waste package for geologic disposal. Sup-
porting this are the following more specific
program objectives: 1) help provide a basis
for meeting waste package performance stan-
dards; 2) provide input to waste package
designers; 3) optimize and select structural
barrier materials; 4) develop predictive
models for waste package degradation and
radionuclide release.

Summary

The following conclusions and observa-
tions can be drawn from work conducted
during the reporting period:

e After 1 month of salt brine exposure
(without gamma irradiation), the cor-
rosion rates of cast ferrous materials
(1025 steel; 2 1/2% Cr, 1% Mo steel; and
ductile cast iron) in anoxic Permian Ba-
sin salt brine at 150°C lie in the range
of 0.48 to 0.74 mils/year. These samples
show only a magnetite (Fe30,) corrosion
product film,

e After 1 month of salt brine exposure (in
a gamma irradiation environment) the cor-
rosion rates of 1025 wrought steel;

2 1/2% Cr, 1% Mo steel; and 1025 cast
steel lie in the range of 2.9 to 7.0
mils/year. This represents an approxi-
mate tenfold increase over the nonirradi-
ated test data. The irradiated environ-
ment specimens have corrosion product
films that are mixtures of magnetite and
anhydrite (CaSO4).

e Slow-strain-rate tests of ductile cast
iron and 2 1/2% Cr, 1% Mo cast steel
showed that these materials are suscep-
tible to environmentally enhanced crack-
ing in salt brine at 150°C. A 1025
wrought steel, however, shows essentially
no difference whether in brine or air
tests.

® The effect of ductile iron on glass
leaching characteristics in salt brine is
less than in basalt or tuff groundwaters,

e Gamma irradiation causes significantly
enhanced leaching of glass in the pres-
ence of iron due to increased reactions
of the iron, resulting in iron-silicate
colloid formation.

e The effects of ductile iron on spent fuel
leaching in salt brine are not large
based upon solution analysis. However,
the amount of elements sorbed on the iron
may be large, suggesting increased re-
moval of elements from the spent fuel.
Analyses of iron sorption are not yet
complete, however,




e Gamma radiolysis of Permian Brine results
in high generation of gas pressure (>80
atmospheres). This gas is ~70% hydrogen
and cannot be explained by current liter-
ature or experimentation. It appears to
be the result of synergistic effects be-
tween brine constituents,

» At 150°C the presence of iron or titanium
metal has little effect on the leaching
of 76-68 glass in Permian Basin salt
brine,

s Tests with Permian Basin salt brine at
250°C indicate decreased concentrations
of Cal*, Mg2*, 5042‘ in solution, ap-
parently a result of precipitation of
calcium and magnesium sulfates. The
change in solution compositions at 250°C
does not change solution pH (measured at
25°C).

9 Based on mass-transfer analyses in flow-
ing leach tests, it should not be assumed
that the leachate is well mixed next to
the waste form,

Program Management

Program administration has focused on the
following areas:

@ The FY 1983 WPAS and TPP for the Waste
Package Program were reviewed, finalized
and sent to ONWI on schedule,

s The Waste Package Program for FY 1983 was
asresented to PNL staff,

» Experiment test procedures being used on
WPP waste package interactions testing
were formalized and transmitted to
S. J. Basham and staff at ONWI,

e The statement of work for the subcontract
with Lawrence Livermore National Labora-
tory {LLNL) was rewritten to reflect the
FY 1983 work scope. The subcontract has
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completed the PNL procurement approval
process and was transmitted to DOE-RL for
approval.

Liaison activities have included the

following:

WPP staff participated in the Nuclear
Waste Materials Characterization Center
(MCC) program review,

A presentation by D, Jackson (LLNL} on
his PROTOCOL model was attended by WPP
personnel,

A presentation of the ONWI Program Man-
agement System was made by L, Lambert to
PNL personnel,

Mutual waste management research was dis-
cussed between Andrea Saltelli, Ispra,
Italy, and WPP staff,

WPP staff (D. Bradley, D. Coles, W, Kuhn,
G. McVay, J. Nelson, and R. Westerman)
attended, and W. Kuhn and G, McVay gave
presentations, at the Materials Research
Society annual meeting in Boston.

A presentation was given to the Materials
Department ceramics research section on
ONWI-sponsored waste package studies by
D. Bradley.

D. Bradley attended the NWTS/MCC waste
package interactions testing workshop in
Seattle and presented details of ONWI-
sponsored waste package interactions
testing procedures,

A presentation to DOE-RL-BWI staff on
waste package studies was given by

D. Bradley.

D. Bradley presented a review of WPP
progress to L. Olson and his staff at
DOE-RL-BWI.

WPP staff, coordinated by G. McVay, met
with Dr, R, B, Heimann of the Fuel Waste
Technology Branch at Whiteshell, Canada.
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e D, Bradley attended the NWTS annual in-
formation meeting in l.as Vegas, Nevada,
and toured the Nevada Test Site.

Structural Barriers

General Corrosion Studies. A 150°C gen-

eral corrosion study on two cast steels
(1025 and 2 1/2% Cr, 1% Mo) and ductile cast
iron was shut down after 1 month exposure
for specimen analysis. The environment was
anoxic (~0.2 ppm 02) bfine, designated Per-
mian Basin Salt Brine No. 1, which closely
resembles the formulation obtained by direct
dissolution, to saturation, of a Permian
Basin salt core. A serious problem, how-
ever, has been encountered in its use: the
autoclave inlet line plugs every few days
due to the retrograde solubility of certain
brine constituents. To circumvent this op-
erational problem, a new formulation, Per-
mian Basin Salt Brine No. 2, was made, based
on the effluent brine composition of an
autoclave operating at 150°C, and presumably
having the precipitable compounds removed
from solution. The major difference between
8rines No. 1 and 2 is a reduction in the
latter of the Ca'* and S0, concentrations.
Brine No. 2 will be used in the general cor-
rosion study as well as in the irradiation-
corrosion tests of steels in anoxic, 150°C
brine that have been recently initiated. If
plugging persists, the Brine No. 2 will be
diluted slightly. Such modifications are
not expected to significantly affect the
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observed corrosion mode or the corrosion
kinetics.

The l-month exposure in Permian Basin
Salt Brine No, 1 produced the corrosion rate
data shown in Table 3.1,

Interestingly, the corrosion rates ob-
served are about ten times lower than those
found by Sandia investigators studying cor-
rosion rates of ductile cast iron in anoxic
WIPP 3rine A (SNL Monthly Progress Report
for High-Level-Waste Interactions - August
1982).

X-rayvdiffraction analysis of the corro-
sion product films revealed only the pres-
ence of magnetite, Fe304. One specimen
showed a faint trace of anhydrite, CaSO4.

Summary duplicate-specimen data for 6-
month exposure analysis of a ductile cast
iron and two cast steels in oxic (0.7 ppm
0,) 250°C deionized water are given in
Table 3.2. Data from 1 and 3 months are
included for comparison.

These corrosion data show a regular,
well-behaved diminution in corrosion rates
with increased time of exposure. Corrosion
products after 6 months exposure consist
primarily of Fe;04.

Irradiation-Corrosion Studies. An irra-

diation-corrosion study was shut down for
specimen analysis after 1 month exposure.
Investigated were 2 1/2% Cr, 1% Mo cast
steel; 1025 wrought steel; and 1025 cast
steel in a 150°C Permian Brine No. 2 envi-
ronment at a 6000 gamma irradiation

TABLE 3.1. Ferrous Materials Corrosion in mi]s/yr(a)

2 1/2% Cr, 1025 Ductile Cast
Temperature Time 1% Mo Steel Cast Steel Iron
150°C 1 month 0.48, 0.49 0.68, 0.61 0.74, 0.59

(a) Data from duplicate specimens presented.




TABLE 3.2. Summary of Duplicate-Specimen Penetration

Data, mils/yr

Cast Steel Cast Steel Cast Ductile
Time, months 11/4% Cr, 1/2% Mo 2 1/2% Cr, 1% Mo Iron
1 0.44, 0.44 0.53, 0.44 0.38, 0.41
0.31, 0.29 0.40, 0.38 0.30, 0.31
6 0.25, 0.22 0.27, 0.23 0.23, 0.22

intensity of ~1 x 105 rad/hr. The corrosion
rates observed are about ten times those
obtained under nonirradiated test condi-
tions. The data obtained from duplicate
specimens are summarized in Table 3.3,

One specimen of each material type was
selected from near the top of the autoclave
and one from near the bottom. In Table 3.3,
the first entry corresponds to those from
the bottom. It can be seen that all the
lower-corrosion-rate specimens came from
near the bottom of the autoclave. Within
groupings, however, the relationship between
the alloys remained the same. The variation
of corrosion rates with position is most
tlikely due to a temperature gradient within
the autoclave. Autoclaves in the radiation
facility have consistently run 50°C colder
at their inlet (at the bottom) than their
control temperature (at the top). A higher
heater-element winding density near the
autoclave bottom will be tried in an attempt
to alleviate this problem.

X-ray diffraction analysis of the surface
of the specimens revealed only the presence
of magnetite, Fe304, and anhydrite, CaSO4.
The anhydrite and magnetite layers appear to

be intergrown. As previously noted, anhy
drite was generally not observed in the cor
rosion product films formed under nonirradi-
ated conditions. '

Enviromechanical Studies. Recent efforts

have been directed toward slow-strain-rate
testing of wrought 1025 steel and construc-
tion of a fatigue-crack-growth-rate system
for hydrothermal operation.

Previous stow-strain-rate testing indi-
cated that 2 1/2% Cr, 1% Mo cast steel is
susceptible to environmentally enhanced
cracking in brine at 150°C. The reduction of
sample cross-sectional area (upon failure)
was diminished in the brine environment, and
secondary cracking was observed through the
necked region of the specimens, even when
tests were conducted at relatively high-
strain rates (10'4in./1n.—sec). Similar
tests of ductile cast iron, tested in the as-
cast condition, indicated that it was also
susceptible to environmental effects and that
the ductility was low regardiess of the
environment,

Slow-strain-rate testing of 1025 steel
has begun at 150°C and a strain rate of

TABLE 3.3, Irradiation-Corrosion Data Summary

Material

Penetration, mils/yr

2 1/2% Cr, 1% Mo Cast steel

1025 Wrought steel
1025 Cast steel

2.9, 4.9
3.9, 6,2
4.0, 7.0



10'4in./1n.-sec. Specimens with LT orienta-
tion have been tested in air and in brine;
specimens with TL orientation have been
tested only in air., Results of the tests to
date indicate that this material is much less
susceptible to environmentally enhanced
cracking than is cast 2 1/2% Cr, 1% Mo steel
and that the ductility of the wrought steel
is far superior to that of cast ductile iron.
No difference was observed in the behavior of
the 1025 steel in air and in brine, and sec-
ondary cracking was not found. The corrosion
product film was black and coherent. In con-
trast, the surface of ductile iron exposed to
150°C brine contained discontinuities around
graphite nodules, where localized corrosion
appeared to be starting.

Source Term Evaluation

Glass Interactions. Previous interactive

tests between 76-68 glass and ductile iron in
silicate groundwaters at 90°C have shown a
large increase in elemental release., This
effect is due primarily to the formation of
iron-silicate precipitates that scavenge the
leachate and prevent saturation effects.

Thus the presence of ductile iron signifi-
cantly enhances (by a factor of five) the
elemental leaching of the g1éss by retarding
back reactions,

When these glass/ductile iron interactive
tests are conducted in Permian Basin Salt
Brine No. 1, a similar (but much reduced)
effect occurs; i.e., the glass leaches at a
slightly .enhanced rate (1e$s than a factor of
two) and precipitates form in the leachate.
These precipitates are difficult to analyze--
both because they are not formed in large
quantities and because precipitates also form
just from heating a saturated salt brine.
Therefore, many types of precipitates are
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forming but not in large enough quantities to
significantly affect glass leaching.

Adding gamma irradiation to the inter-
action tests enhances the leaching of 76-68
glass in a salt brine environment, particu-
larly when iron is present. This appears
due, at least partially, to the accelerated
reaction of iron with the brine, which causes
more colloids to form and, thus, more scav-
enging of the leachate, with resultant retar-
dation of back reactions. Presently, the
gamma irradiation effects have been evaluated
only at 50°C, where enhancement factors of
about two are observed. Higher temperature
experiments are under way.

Spent Fuel Interactions. Static inter-

active tests involving spent fuel and ductile
iron in 25 and 75°C Permian Basin Salt Brine
No. 1 have been conducted to times of

60 days. Similar to the glass results, the
effect of ductile iron on spent fuel leaching
is not large in salt brine. One exception is
technetium, which is reduced about one order
of magnitude in the leachate when ductile
iron is present. These results are all based
on solution analysis and do not include ele-
ments sorbed on the ductile iron. The analy-
ses of elements on the iron will be completed
during the next month and should allow a more
meaningful interpretation,

Currently, a series of experiments has
been initiated utilizing unirradiated U02
fuel pellets, ductile iron, and oxidized
Zircaloy.® These experiments will allow
surface analyses to be conducted on all
three constituents and will, it is hoped,
1ead to a better understanding of the in-
teraction processes. The results from these

®Registered trademark of Westinghouse Elec-
tric Corporation Specialty Metals Division,
Blairsville, Pennsylvania.




experiments should lead to improved design
and better understanding of future spent fuel
experiments conducted on clad fuel segments.

Colloid Investigations. Many types of

colloids are formed in interactive tests con-
ducted in salt brines, complicating the in-
vestigation of colloid formation and char-
acterization. The approach is to investigate
the formation, éorption, desorption, and
stability characteristics of many candidate
colloids, such as silica, iron hydroxide,
iron silicates, and alkaline earth sulfates
in brines, and to compare their behavior to
that observed for colloids formed in realis-
tic interaction tests., This understanding
should help in interpreting the behavior of
the complex matrix of colloids formed in salt
brine interaction tests.

Another important aspect of colloids is
their size distribution. Smaller colloids
will be more mobile than large ones, and thus
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their size distribution under various. condi- ‘;;)
tions should be investigated.
The actinide sorption, desorption, and
stability of silica, iron hydroxide, iron
silicate, and calcium sulfate colloids in
salt brines are now being investigated, Ad-
ditionally, a hydrodynamic chromatography
unit has been ordered that will determine
particle size distributions of colloids.

Brine Radiolysis., If brine migrates into

the repository during the thermal pulse per-
jod, it will be exposed to gamma irradia-
tion. After the canister is breached, hrine
will be exposed to alpha radiation, There-
fore, an understanding of the behavior of

brine in both alpha and gamma irradiation
fields becomes important, Currently, only
results from gamma radiolysis are suffi-
ciently complete to report.

Figure 3.1 compares the pressures re-
sulting from gases generated durihg gamma

80
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FIGURE 3.1. Time Dependence for Pressure Generation of Gas Produced by Gamma
e —————— 3 . .

Irradiation of 70°C Permian Basin Salt Brine No., 1, Saturated NaCl, and Ref-
erence Basalt Groundwater,_ The solution volume was 10 mL and the gas phase
volume 6 mL. A dose of 107 rad/hr was used in a 60¢o facility.



radiolysis of Permian Basin Salt Brine No. 1
to those from saturated NaCl solution and
basalt groundwater., These results were
obtained by irradiating the solutions at
~70°C in fused silica containers (19 mL solu-
tion - 6 mL gas phase) under continuous
monitoring of pressure. After radiolysis,
the gas phase was analyzed with a mass spec-
trometer. As can be seen from Figure 3.1,
the Permian Basin brine generates much more
pressure than does saturated NaCl solution or
basalt groundwater., The pressures from ba-
salt groundwater and saturated NaCl solution
saturate at about 2 and 25 atmospheres, re-
spectively, while the Permian Basin brine has
reached 80 atmospheres and is still increas-
ing, The gas phase consists of 75% hydrogen
and the rest is primarily oxygen,

It is the saturation or equilibrium pres-
sure that is of interest; it is important in
considerations of repository and waste pack-
age design and also helps in the understand-
ing of the mechanistic details of solution
radiolysis, The time and dose dependence of
the pressure buildup is dependent upon the
With

less volume, the dose and time required to

volume available for the gas phase.
reach equilibrium pressure is decreased, If
there were essentially no volume available
for the gas phase, then the equilibrium pres-
sure would be reached very rapidly and with
only a small dose, The dose rate has been
shown to have no effect on gas generation
from 107 to 104 rad/hr,

The relatively high gas generation in
Permian Basin brine is currently unexplain-
able based upon the literature and recent
experimentation. As seen from Figure 3.1,
saturated NaCl solutions yield a maximum
pressure of ~25 atmospheres under gamma
irradiation, The Permian Basin Salt Brine

No., 1 contains ~30 ppm Br™, which is reported
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to enhance hydrogen generation. The addition
of 30 and 300 ppm Br~ to deionized water re-
sults in enhanced hydrogen generation but
falls short of explaining the results with
Permian Basin salt brine., Therefore, a
synergistic effect between constituents in
the salt brine or some other trace impurity
effect must be causing recombination reac-
tions to be bypassed. The formation of this
quantity of hydrogen gas indicates a strongly
oxidizing environment in the solution.
Analyses of other radiolysis products have
not yet been made, Additionally, longer
times are needed to reach saturation pres-
sures for the Permian Basin salt brine and

300 ppm Br~ solutions,

Component Compatibility

Multicomponent Testing., Initial interac-

tions tests with Permian Basin salt brine at
150°C were started last fiscal year., These
tests were carried out according to the MCC-2
procedure (28 days) and with 76-68 glass and
76-68 glass plus ductile iron or titanium
grade 12, The solutions used included both
Permian Basin Salt Brine No.
rated (at 25°C) brine prepared directly from
Permian Basin salt core (G. Friemel Hole

No. 1).
glass SA/V of 10 m-1 and, in tests containing

1 and a satu-

All tests were carried out with a

iron or titanium, a glass-to-metal surface
area ratio of 1:1., Solution analyses were
carried out by ICP.(a)

Figures 3.2 and 3.3 are computer-generated
plots of ICP data for boron, molybdenum, ce-
sium, and silicon {without individual data
points). Figure 3.2 presents leach data for
76-68 glass in four solutions, where it is

seen that dissolution rates for brines are

(a) Inductively coupled argon plasma emis-
sion spectroscopy.
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considerably lower than for deionized water
and lTow ionic strength basalt groundwater.
Gel layer thicknesses, measured by scanning
electron microscope, show a similar de-
crease in thickness for glasses leached in
brines, Molybdenum and silicon appear to
approach steady-state concentration in
brines by 28 days; however, cesium and boron
increase in concentration at a relatively
uniform rate thereafter. Observed leaching
differences between brines and lower ionic
strength solutions may be a result of sev-
eral mechanisms, including changes in solu-
bilities with increasing ionic strength and
changes in the solid phases formed in a

brine environment. Evidence for the first
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is provided by Marshall (1980a), who reports
an approximate 50% decrease in amorphous
silica solubility in 6 M NaNO3 solution at
150°C.,

The effects of metals on glass leaching
Ductile iron and
titanium appear to affect glass leaching in
salt brine only slightly.

are shown in Figure 3,3,

There is some
scatter in the brine data because of in-
herent difficulties in analyzing brines with
1CPs,
ray diffraction analysis rather than ICP for

We are now considering the use of x-

brine analyses.
In a salt repository brines likely to
reach a waste package will be saturated with

solid salts, Their saturation composition
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and 76-68 Glass Plus Iron or Titanium in Permian Basin Salt Brine No. 1

will be very temperature dependent; the
alkali chlorides increase in solubility with
increasing temperature., Thus it is impor-
tant to carry out interaction tests with
temperature-saturated brines and to take
fluid samples at temperature and pressure,
Qur first attempt, however, to use a Dickson
autoclave to sample a brine saturated at
250°C (20 MPa) resulted in a thoroughly
ciogged sample tube and no usable brine
sample. We are now trying to develop
sampling techniques to get around this
problem,

To at least partly circumvent this prob-

lem we began a saries of tests with room

temperature saturated Permian Basin Salt
Brine No. 1 and two diluted brines (50% and
75% of this room temperature saturated salt
brine). These tests are being carried out
in Dickson autoclaves, and successful liquid
sample extraction has been achieved for all

three compositions, These data will help

- greatly in the understanding of temperature-

produced variations in brine compositions
(e.g., Marshall 1980b) and will provide a
data base that aids in evaluating techniques
for sampling saturated brines at temperature
and pressure,

Initial tests were completed for the 50%
salt brine at 150°C and for 50, 75, and 100%




salt brines at 250°C. The 50% brine test
produced no change in brine composition,
indicating that at 150°C none of the inverse
solubilities was exceeded. However, all
three tests at 250°C indicate a marked de-
crease in concentrations of Ca2*, Mg2*, and
3042', probably a result mainly of the pre-
cipitation of calcium and magnesium sul-
fates, The measured saturation values Cal*
Mgt and 3042' for the three brines at 250°C
(20 MPa) are plotted in Figure 3.4 as a
function of relative brine strength (100%
No. 1 brine = 1.0). For these brine compo-

2* shows

sitions the saturation value for Ca
a clear increase with increasing ionic

strength, while the saturation concentration
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FIGURE 3.4, Plot of Saturation Values

for Calt, Mg2+, 8042‘ (mg/L) Versus
Relative Brine Strength at 250°C and

20 MPa, The brine strength of Permian
Basin Salt Brine No. 1, saturated at 25°C,
is set arbitrarily equal to unity.
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of MgZ+

saturation concentration of 504

passes through a maximum and the
2- jncreases
to an apparent plateau, although a slight
decrease is possible,

Static autoclave tests are now under way
with 76-68 glass and 76-68 glass + ductile
iron at 150 and 250°C (20 MPa) in Permian
Basin Salt Brine No. 1. Dickson autoclave
tests are currently under way with 76-68
glass in this brine at 150 and 250°C and
with 75 and 100% brine at 150°C. Prepara-
tions are nearly complete for the initiation
of tests with uranium-doped 76-68 glass and
with U0, as preparation for failure tests
with actinide-doped 76-68 glass and spent
fuel.

Waste Form Release Modeling

The literature on leaching of spent fuel
and dissolution of U0, is being reviewed to
form a basis for a spent fuel release model,
Dissolution of U02 appears to be controlled
by the oxidation of U({IV) to U(VI), which
may be caused by oxidizing agents in the
solution, by radiolysis of water, and by
radiation damage to the U0, itself. Some
species such as cesium are not homogeneously
distributed in the spent fuel but may segre-
gate at grain boundaries, cracks, and fuel
cladding interfaces. The model will have to
be extended beyond simple dissolution of U0,
to account for the release of these migrat-
ing species,

The results of flowing leach tests, in
which the concentration at the exit to a
cell holding a sample is measured versus
time, are important data to utilize in de-
veloping a rate law for the reaction of
borosilicate glass waste forms (as well as
other waste forms) with leachants. In this
task we had been assuming a perfectly mixed



cell for the purpose of interpreting the

data, but it appears this may not be appro-
priate based on an order-of-magnitude esti-
mate of the resistance to mass transfer in
"boundary layers" around a sample of glass.

Corrosion Modeling., Our current effort

has revolved around the investigation of the
basic mechanisms that could be postulated as
controlling the rate of corrosion of iron
under irradiation conditions. Consideration
has also been given to proposing experimental
tests that could aid in differentiating the
numerous possible mechanisms.

The main concern is the increase of the
corrosion rate due to radiolysis of the
brine., The effect of radiolysis is to pro-
duce, either directly or indirectly, the
following:

a. short-lived radical species by direct
ionization of the brine constituents

b, intermediate species through interaction

of the short-lived species with the brine

and each other

stable molecular species hy various

interactions of a, b, and the brine,.

Much has been done to quantify the yields

of the above species, yet little has been

done to interrelate these yields with corro-

sive effects.

An experimental approach has been put
forth that could prove useful in differen-
tiating hetween a, b, and c. The scheme
could also be used to predict dose rate
dependencies and possible thresholds.

Waste Package Modeling. Work on a better

understanding of brine chemistry has been
initiated with a series of meetings to
clearly define what can be done in FY 1983,
An experimentalist has been identified who
should be able to help particularly with a

review of the pertinent experimental litera-
ture. We reiterated the importance of find-
ing: 1) what pH excursions have in fact been
found when brines are heated, and which
precipitates are responsible for them, and

2) what activity coefficients have been ob-
served in brines, especially at higher

temperatures.

References

Marshall, W. L. 1980(a). "Amorphous Silica
Solubilities: 1. Behavior in Aqueous So-
dium Nitrate Solutions: 25-300°C, 0-6
Nitrate Solutions: 25-300°C, 0-6 Molal."
Geochim et Cosmechim Acta, 44:907-913,

Marshall, W. L. 1980(b). "Amorphous Silica
Solubilities: III. Activity Coefficient
Relations and Predictions of Solubility
Behavior in Salt Solutions, 0-350°C.,"
Geochim et Cosmechim Acta, 44:925-931.

3.1.2 Baselining and Benchmarking Salt

Performance Assessment Codes
(DB-30-30-10 - 80748)

The objective of this program is to pro-
vide ONWI with salt site-specific, baselined
and benchmarked performance analysis codes to
perform the comprehensive analysis required
to site, design, and license a repository in
salt. Codes to be baselined and benchmarked
inelude SWENT, CFEST, and FE3DGW.

Background

To site, design, and license a repository
in salt, ONWI will be required (by NRC regu-
lations as well as good scientific practice)
to have salt site-specific baselined and
benchmarked hydrologic system performance
analysis codes. This report discusses the
hydrologic benchmark problem specifications
for benchmarking the hydrologic computer
codes-[CFEST (flow only), FE3DGW, and SWENT

(flow only)].




In searching for an appropriate benchmark
problem definition for testing hydrologic
computer codes, the following reports and
data sources were utilized:

e the Permian Basin data set (ONWI-292)
® Benchmark Problems for Repository Siting

Models (NUREG/CR-3097)

e data and report on the initial modeling of

the Permian Basin hydrologic systems

(ONWI/E512-02900/TR-13),

Any eventual analysis of a salt site like the
Permian will most Tikely require that the
upper and lower hydrologic systems and the
intervening salt strata be modeled as a
single system so that the effects of poten-
tial breaching scenarios, such as borehole
interconnection, salt dissolution, and fault-
ing, can be studied. The other pertinent
considerations are that the parameter varia-
tion distributions (such as thickness and
conductivity) be well defined and be repre-
sentative of the kinds of changes that occur
in real hydrologic systems.

To achieve this degree of realism the
Permian Basin data set was studied in detail
(ONWI-292 and ONWI/E512-02900/TR-13). This
investigation indicated a stratigraphy as
shown in Figure 3.5, Our investigation in-
dicates that for purposes of benchmark prob-
lem definition two hydrologic units above and
two hydrologic units below the salt strata
are sufficient. Areal extent was defined
from the fact that the two upper hydrologic
systems circulate generally along west to
east lines. The north-south areal extent of
the two upper hydrologic units was defined
from essentially the northern caprock escarp-
ment (see Figure 3.6}, which acts as a
groundwater divide, south to the Matador
uplift (see Figure 3.5), which appears to act
as a barrier to the north-south communication

in the lower hydrologic units.

3.12

This uplift can also serve as an arbitrary
southern no-flow boundary for the two upper
hydrologic units since gradients in the upper
units, as stated before, run essentially
west-east., The upper and lower hydrologic
units both circulate along west-east lines
due to the pattern of regional surface
drainage systems (see Figure 3.6). The lower
hydrologic units are additionally forced into
west-east circulation due to the east-west
structures {(Matador uplift to the south and
the Amarillo uplift to the north, Fig-
ure 3.5), which are felt to limit north-south
communication. Recharge occurs throughout
the basin. Estimates for reacharge to the
upper units vary from 1,3 cm/yr to 0,44 cm/
yr. Recharge to the lower units occurs in
the Pecos Mountains to the west, and one
would assume stightly higher but similar re-
charge estimates since the differential in
The fact that the

recharge source for the lower hydrologic

elevation is only ~500 m,

units lies in the Pecos Mountains to the
west, when considered along with the essen-
tially aquiciude nature of the Permian, ex-
plains the under-pressurization of these
lower units which ultimately discharge much
further east,

To ensure that this benchmark problem is
well posed, trial simulations were made and
parameters adjusted for a consistent and
An
attempt was also made to keep all parameter

hydrologically reasonable description.

values in the range of observations.

Salt Site-Specific Regional Hydro-

logic (Flow Only) Benchmark Problem
Specifications

This benchmark problem is designed to test
the ability of groundwater flow codes to
model regional groundwater systems for
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layered sedimentary hydrologic systems typi-
cal of bedded salt sites.
this problem an attempt was made to address

In formulating

as many features important to regional model-
ing and performance assessment needs as can
be done in a simplified manner. These fea-
tures include:

o layering

» anisotropic hydrologic conductivity (i.e.,

Kh = Kv
o recharge

» discharge boundaries (rivers)

Major Physiographic Elements of the Texas

Panhandle and
(from ONWI-292)

® outflow boundaries (held head-Dirichlet)

e no-flow boundaries

e interlayer communication (via borehole or
fracture zone)

o water table conditions (in some layers or
some areas of some ltayers) or totally
confined conditions,

Basic Assumptions. Since this benchmark

problem is designed to address flow only, it
is assumed:



1. Water in a1l hydrologic systems is of the
same constant density and temperature and
that Darcy's law and all other basic as-
sumptions associated with the porous media
continuum approach hold.

As this problem is designed to address the

saturated flow-only problem, it is addition-

ally assumed:

2. The system being simulated is 100%
saturated.

The potentially long time required for water
or contaminants to move from a proposed re-
pository at depth to man's environment or to
the 10-km boundary addressed in the proposed
regulations nullifies most needs to model the
hydrologic flow system in a transient manner,
so that it is assumed:

3. The hydrologic system is in steady state
and the boundary conditions are constant
over time so that only the steady-state
solution for the hydrologic system need be
addressed,

For purposes of this benchmark problem it is

additionally assumed:
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4, No significant hydrologic flow takes place
in the crystalline basement rock.

Specifications for Layering-Scale Geometry

The hydrologic system is assumed to con-
sist of essentially five layers: a bedded
salt layer overlain by two aquifer layers and
underlain by two additional aquifer units.
These five layers degrade into essentially
one in the recharge areas to the west where
the salt strata truncates., Figure 3.7 de-
picts a plan view for this idealized bench-
mark problem that illustrates the surface
features (outcrops and rivers), the scale,
and the kinds of boundary conditions to be
imposed.

Figure 3.8 shows cross-section views of
this jdealized system to illustrate hydro-
logic stratigraphy and give a complete de-
scription of the geometry. Figure 3.9 pro-
vides further plan views showing the areal
extent of each hydrologic unit and their
associated hydrologic parameters.

NO FLOW BOUNDARY- Eoe

FIGURE 3,7. Plan View of Hydrologic Benchmark Problem Area, Illustrating
Surface Drainage, Outcrops, and Boundary Conditions To Be Considered
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Specifications for Recharge and Boundary

Conditions

Recharge to the groundwater systems occurs
at 0.75 cm/yr uniformly over the problem area
shown in Figure 3.7. Discharge is to the
four river systems shown., These hypothetical
rivers are to be treated as held potential
(Dirichlet) boundaries. There is one north-
south river, 150 km long and located 145 km
from the western boundary of the problem
area. It has a constant potential of 1175 m.
There are three west-east rivers. The cen-
trally located west-east river (75 km from
the southern problem boundary) is 135 km
long, and its elevation varies from 1100 m at
its west end to 900 m along the model bound-
ary to the east., The other two west-east
rivers are each 90 km long and Tocated 30 km
from the northern and southern problem bound-
aries, respectively. These two rivers have
the same potentials and slopes.
potential from 1075 m at their west end to
900 m at their east end.

the held potential boundaries are also pic-

They vary in
The elevations for

tured in Figure 3.7.

Three sides--west, north, and south--of
the problem area are no-flow boundaries for
all hydrologic units (Figure 3.7). The east
side is a no-flow boundary except where the
rivers are located for the upper three
units--1) fluvial system, 2) fluvial-lacus-
trine system, and 3) salt-shale-evaporite
strata--and a 500-m held potential (Dirich-
let) boundary for the lower two units--

4) limestone-shale system and 5) limestone-
shale-granite wash system,

3.18

Specifications For Hydrologic Parameters.

Horizontal hydraulic conductivity values for

the various hydrologic units as well as the
ratio of vertical hydraulic conductivity to
the horizontal hydraulic conductivity are as
follows:
e Fluvial system (layer 1) 2.0 m/day.
Kv/Kh = 0,10,
e Fluvial-lacustrine system (layer 2)
0.01 m/day over the region east of the
north-south river and 0.3 m/day over the
region west of the north-south river.
Kv/Kh = 0,10 for entire system (Fig-
ure 3.9).
e Salt-shale-evaporite system (layer 3)
1,0E-10 m/day. Kv/Kh = 0,10,
e Limestone-shale system (layer 4)
0.08 m/day. Kv/Kh = 0.10,
o Limestone-shale-granite wash system
{layer 5) 0.08 m/day. Kv/Kh = 0,10.
e Mudflat and alluvial/fan delta system
0.90 m/day. Kv/Kh = 0.10,
® Transition zone 0.20 m/day. Kv/Kh = 0,10.
The hydrologic parameters for the various
units are also displayed in Figure 3.9.

Run Specifications. This problem can be

run in two ways. It can be assumed that:

o A1l hydrologic systems are totally con-
fined, with the stated geometry used only
to determine the transmissivity distribu-
tions for the hydrologic systems. The
problem consists of determining the hy-
draulic head distributions within the
various hydrologic units.,

® The geometry relates only to potentially
saturated hydrologic units and the actual

topographic surface may indeed be higher

-



For this

case the problem consists of determining the

than illustrated in Figure 3.8.

location of the water table surface as well
as determining the hydraulic head dis-
tributions within the various hydrologic
units.,

The output of this
hydrologic benchmark problem is the hydraulic

Qutput Specifications.

head distribution. Contour plots showing
areal distribution of hydraulic head for
each layer and selected west-east cross-
section plots should be produced along with
lineprinter listings of hydraulic head

distribution,

Initial Benchmarking Runs with the FE3DGW

Code

The confined version of the salt site-
specific, regional hydrologic flow problem
discussed above has been set up, and initial
model runs were made to determine appropriate
parameter matches. Figure 3.10 shows an iso-
metric view of the three-dimensional grid
used to simulate this hydrologic benchmark

problem. The problem will eventually be ad-

ditionally run in an unconfined mode as part
of the complete benchmarking of the FE3DGW
and CFEST codes.

FIGURE 3.10.

Isometric View of Initial Finite-Element Grid Used To

Simulate Confined-Only Version of the Salt Site-Specific Benchmark

Problem




3.2 BASALT WASTE ISOLATION PROJECT (BWIP)

3.2.1 Modeling Task force (AP-05-15-05 -
80750)

AN

This effort will continue the modeling
task force activities initiated in FY 1982.
The purposes of the modeling task force are
to examine the Rockwell and PNL approaches to
modeling the Pasco Basin, resolve differences
where possible, and recommend and implement
approaches for further resolution of remain-
ing significant differences. The model task
force is a mechanism for detuailed peer review
of the far-field hydrologic modeling.

Technical Progress

As part of the Assessment of Effectiveness
of Geologic Isolation Systems (AEGIS), PNL
conducted a modeling methodology and demon-
stration effort using basalt as one demon-
stration medium. A regional model encompass-
ing the Washington State portion of the Co-
lumbia River basalts was used to establish
boundary conditions for a Pasco Basin
model., The Pasco Basin model was used to
predict flow paths and travel times from a
hypothetical repository to the river. As a
result of this demonstration effort, atten-
tion was drawn to differences between PNL's,
Rockwell Hanford Operations' and the U.S.
Geological Survey's conceptualization of the
Pasco Basin basalts,

To resolve those differences, a modeling
7 task force was established in FY 1982, The
goals of the task force are to examine the
groundwater modeling conducted to date, re-
solve differences where possible, and recom-
mend and implement approaches for further
resolution of remaining differences. More
specifically, an attempt to resolve differ-
ences will be made by 1) establishing and
agreeing upon a standard data set; 2) mutu-
ally reviewing the interpretations necessary

to achieve a conceptual model; and 3) prepar-

ing model input and conducting sensitivity

analyses to evaluate the impact of uncertain
or unknown parameters.

In FY 1982 the basic differences were
clearly identified, a course of action for
resolving the differences was established,
and some initial wmodeling studies (sensi-
tivity analyses) were conducted. The basic
differences can be summarized as follows:

1. What are the Pasco Basin boundary
conditions?

2. What is an acceptable range of hydraulic
conductivities for the Saddle Mountain,
Wanapum, and Grande Ronde basalts?

3. What is the nature of the vertical move-
ment (permeability) in the Pasco Basin?

4, Ts the flow system in the Pasco Basin at
steady state?

5, How reliable are potentiometric data ob-
tained during drilling?

6. How reliable are water quality data for
determining groundwater flow directions
and quantities?

Some of the differences will require addi-
tional data before they can be resolved. The
task force has acted as a peer review commit-
tee for identifying additional data needs and
for reviewing proposed field activities.

Differences that can be studied (possibly
not completely resolved) with additional mod-
eling (i.e., sensitivity analyses) were the
central thrust of the FY 1982 task force
effort, PNL has been heavily involved in
this effort because we were selected to con-
duct the modeling sensitivity studies. The
first task of FY 1982 was to completely docu-
ment all the data sources that PNL used in
their initial modeling effort. This complete
data set was then used by the task force to
define a basic revised conceptual model of
the Pasco Basin to which all members could

-
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agree. The new model region extends far
beyond the Pasco Basin to the southwest, and
its major purpose is to help resolve the
question of the boundary condition along
Rattlesnake Mountain and the Horse Heaven
Hills.

collecting the additional data required for

PNL is currently in the process of

this model and implementing it on our com-
puter system, The model selected by the task
force for this effort is the USGS/Trescott
three-dimensional groundwater flow model.
Since we have never used this model, it was
necessary for us to obtain it, bring it up on
our computer system, and become familiar with
it.
are current1y running the model with the

This task has been accomplished and we

first data set agreed to by the task force.

Future Activities

Many additional sensitivity runs agreed to
by the group will be made later this year to
address the boundary condition issue and the
other differences discussed above,

3.2.2 Preclosure Performance Assessment
{AP-05-15-15 - 80750)

The objective of this program is to de-
velop a preliminary hasards analysis of con-
ceptual waste package and repository designs.
The preliminary hazards analysis will iden-
tify and assess the consequences of reposi-
tory operational hazards and provide recom-
mendations for improvement in safety design
eriteria, design concepts, or operational
procedures.

Summary

A series of system flow diagrams for nor-
mal repository operations has been completed,
as well as a review of federal criteria and
regulations relevant to the preclosure safety

of a repository. Available literature and
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the conceptual design document for the nuc-
lear waste repository in basalt were used as
background material for these efforts. Po-
tential hazards during repository construc-

tion and operation are being evaluated.

System Description

An informal report containing system flow
diagrams and descriptions for normal opera-
tions of a repository in basalt has been com-
pleted in draft form and is being circulated
The report will be incorporated
The
system description of the repository includes

for comment.
into a final project report in 1984,

a discussion of the surface handling and sup-
port facilities, access shafts, and subsur-
face facilities. Major subsystems and equip-
ment and system components that support the
operations of the repository phases are iden-
tified and discussed., Descriptions and flow
diagrams are presented for the following
phases:

e initial construction

e mine development

e waste receipt, handling and emplacement

o waste retrieval

® backfill and decommissioning.

Criteria Review and Analysis

An informal report summarizing the federal
criteria relevant to the preclosure safety of
a repository has been completed in draft
form. This report, presently being circu-
lated for comment, will be incorporated into
a final project report in 1984, The report
includes an analysis of the safety focus of
relevant criteria (radiological or nonradiol-
ogical, public or occupational) and the func-
tional subsystems or repository locations to

which they apply. Criteria included in this
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analysis were relevant Nuclear Regulatory
Commission standards, Occupational Safety and
Health Administration and Mine Safety and
Health Administration standards, Environ-
mental Protection Agency regulations and
relevant Department of Energy orders.

Safety Assessment of Normal Operations

Efforts on this task were recently initi-
ated.
analysis methodology to be used were deter-

A format and approach for the safety

mined. Hazard analysis on repository con-

struction operations has begun.

3.2.3 Development of Eh-pH Sensors
(AP-05-15-05 - 80752)

The objective of this work ia to develop
Eh and pH sensors compatible with the Dickson
rocking autoclave. These sensors will pro-
vide monitoring capabilities of the oxida-
tion-raduction environment and the hydrogen
ion eomeentration for the hydrothermal waste-
barrier-rock interaction studiegs. Maximum
operating limits are 300°C and 300 bars pres-
sure by the close of FY 1983.

Summary

To fit the sensors into the Dickson auto-
clave, PNL redesigned the autoclave 1id.
Rockwell Hanford Operations has ordered sev-
eral of these vessels from the autoclave
vendor,

The Eh electrode has been designed and is
currently undergoing laboratory evaluation.
Preliminary results in a hydrogen environment
look very promising. There is a good chance
the gold bag of the Dickson autoclave can
function as the Eh sensor, which will result
in a considerable simplification in Eh
design.

A high-temperature, zirconia-based pH

electrode is being developed. Zirconia tubes

have been procured from the manufacturers and
tested for pH response at 90°C. The majority
have a good pH response. Other researchers
have found pH response to be extremely rare
among zirconia tubes, particularly at low
temperatures {90°C). Our results are ex-
tremely encouraging. Work will continue in
evaluating their pH response at elevated tem-
perature and in solving the pressure-seal

problems.

Dickson Autoclave

With the original Dickson autoclave, con-
sisting of one autoclave inside another, two
sets of pressure seals would be required for
the sensors to be inserted so as to penetrate
PNL has
solved this problem by combining the 1id for

the inner (gold bag) autoclave.

the inner autoclave with that of tnhe outer.
Thus only one pressure seal penetration is
now needed., This design, which permits the
vessels to be operated in a hot cell, is

shown in Figure 3.11. Rockwell Hanford
Operations has ordered several of these

vessels,

Eh Sensor

The Eh sensor will measure the oxidation-
reduction potential of the aqueous environ-
ment. Solubilities of aqueous compounds are
highly dependent upon their oxidation state.

The design for the Eh sensor is shown in
Figure 3,12, It is a blowout-proof design
for use with the PNL-modified Dickson auto-
clave, It is uncertain what inert metal is
best for Eh measurements. In the laboratory
tests, platinum, gold, and titanium are being
evaluated. If gold and titanium operate
satisfactorily, then the gold bag (autoclave

1id is titanium) can be used as the Eh
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sensor, considerably simplifying sensor
design.

Figure 3.13 is a Pourbaix diagram for the
Fe-H,0 systems at 200°C. Evaluation of the
Eh electrode should be in an environment
similar to that expected in actual rock-water
experiments. That environment is considered
to be strongly reducing (in the Fe30, region)
within a pH range of 5 to 9.

An experiment has been carried out at a pH
of about 5.6 from 100 to 300°C in a hydrogen
environment (along line 'B' of Figure 3.13),
and measured Eh values and calculated agreed
Above 150°C, the platinum,
gold and titanium electrodes act similarly,

extremely well,

which means the gold bag can act as the

sensor.
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Future experiments will explore the Eh
response in hydrogen at a pH of 9. The more
oxidizing environments of Fe,04/Fe30, will be
The effects of

trace amounts of oxygen will also be

explored at pH 5 and pH 9.

examined.

pH_Sensors

The most important variable in water chem-
istry is pH. The objective of this program
is the development of pH sensors suitable for
use in the Dickson rocking autoclave at tem-
peratures to 300°C and 300 bars pressure. A
conceptual design is shown in Figure 3.14,

Procedurally, the program requires acqui-

sition of zirconia-based ceramic tubes,
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screening of the material for pH response,
fabrication of the tubes into pH electrodes,
and certification of electrochemical and
mechanical integrity under the conditions of
BWIP use.
have been characterized with respect to
Of those tested, 60
were found to be functional at temperatures
of 90°C.
Zircoa-Corning) were used (all 8 wt% yttria).

Sixty-two zirconia-yttria tubes

as
received" pH response.

Two sources of material (Coors and

“* LONG

Conceptual Design of pH Electrode

Five tubes were given long-term tests
using buffers 4, 7, and 9 at 90°C, and the
average Nernstian response was 93.8% with a
range from 89.8 to 96.4%.
one probe utilizing a Cu/Cuy0 internal ref-

Within this group,

erence with a chemical etch pretreatment
(Zircoa-Corning material) produced the high-
est response, lowest standard deviation of
the measured value (<1 mV), and lowest long-
term drift (<10 mV over a 10-day test

period). Usable though sluggish response was




observed down to room temperatures. Expe-
rience of other pH researchers would gener-
ally have projected a high failure rate (no
pH response), a sluggish response at tempera-
tures below 90°C, and a characteristic high
impedance. In contrast, our material appears
to have a low failure rate in the "as re-
ceived" condition and a characteristically
low impedance compared to previously tested
materials. Manufacturing procedures are yet
to be developed to ensure long-term electro-
chemical stability and mechanical integrity.
Future work will encompass chemical and
thermal treatment to fix the electrochemical
activity of the inner reference, the mechani-
cal bonding of component parts, and high-
temperature and -pressure verification of pH
performance. Validation of performance in
projected radiation environments may also be

required.

3.2.4 Solubility Studies (AP-05-15-05 -
80752)

The objective of this work i3 to obtain
radionuclide solubility xinetics and equilib-
ria for key radionuclides in the presence of
each of the geologic materials that the
radionuclide contaminated groundwater might
contact., This includes basalt, basalt flow
top and secondary minerals from the Umtanum
flow and the Middle Sentinel Bluff. Because
basalt is a dominant component of the waste
package backfill, data from these experiments
will complement the basalt-bentonite multi-
component solubility studies to be conducted
at Rockwell in FY 1983. Rock materials used
in thig study will be supplied by the BWIP
Waste Package Department.

Summary

Four radionuclides were examined with and
without the presence of basalt in concentra-
tions that cross from a removal mechanism of
all sorption to one of predominantly precipi-

tation. The flow-through apparatus was
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A sil-
jca and a bentonite colloid were generated

modified to use with crushed basalt.

and utilized in initial radionuclide migra-
tion experiments.

Technical Progress

The solubility-sorption relationships of
four radioelements were examined in the pres-
ence of basalts in GR-3 synthetic groundwater
at 60°C.

uranium, technetium, and carbon.

They included selenite-selenium,
The solu-
bilities were compared to those of both re-
ducing and oxidizing systems without basalts
present. Three types of filtration, ranging
from none to 15 A, were used to show the
sizes and amounts of any precipitates present
in solution,

Figure 3.15 shows technetium removal from
solution by filtration after 30 days contact
with Umtanum basalt. Without the presence of
basalt, the technetium in solution was the
same as that initially added (C{=C), or no
technetium was removed from solution. AT}
three filtration results were the same in
Figure 3.15 because the technetium was re-
duced and removed by contact with the Umtanum
basalt.
tion to remove by filtration.

There were no precipitates in solu-

Several precipitates were tentatively
identified in the higher concentration radio-
nuclide solutions, including schoepite and
uraninite in the oxidized and reduced uranium
systems, colloidal, red selenium and black
selenium metal in the reduced seleaium sys-
tems, and black Tc02 in the reduced tech-
netium systems. There were no apparent pre-
cipitates in the carbon system.

The flow-through apparatus required exten-
sive modifications to change from an opera-
tional mode for a basalt core to one for

crushed basalt. These alterations have

o



-

]

LOG NORMAL Tc CONCENTRATION IN SOLUTION,

-14 -13 -12 -1 -10

LOG NORMAL Tc CONCENTRATION, M

FIGURE 3.15, Removal by Filtration of Tech-

netium from Oxidizing GR-3 Solution at 60°C

for 30 Days in the Presence of 16 to 60 Mesh
Umtanum Basalt

essentially been completed, and testing at
pressure and temperature should g2t under way
soon.

Colloids were prepared from the bentonite
backfill and from silica suspensions for use
in radionuclide sorption and migration
studies. Initially, the radionuclide-loaded
colloids in GR-3 synthetic groundwater were
contacted with basalts for 30 days to deter-
mine the radionuclide distributions between
solution, colloid and basalt.

Under oxidizing conditions, the order of
sorption on the bentonite colloid was ura-
nium > neptunium > salenite > technetium, and
for reducing conditions, neptunium > selenium
> technetium. The basalt sorbed considerable

amounts of radionucliides on the colloid and
in solution in some cases. In decreasing
order of specificity, the oxidizing environ-
ment resulted in basalt sorption of neptunium
> uranium > technetium > selenite, and for
the reducing environment, uranium > selenium
> technetium > neptunium,

The affinity of the uranium for the silica
colloid was even higher under both oxidizing
and reducing conditions. Oxidized selenite,
selenate and technetium remained in solution,
while under reducing conditions only selenite
and selenate prefer the basalt to the

colloid.

3.2.5 Hydrothermal Testing of Materials in
the 325 Building Hot-Cell Test Facil-
ity (AP-05-15-05 - 80752)

The objectives of a joint PNL-WHC-BWIP
hot-cell hydrothermal testing program are to
provide waste-barrier-rock interactions data
for quantifying the performance of waste
package components in a basalt-repository
environment and then evaluate and integrate
these data with the BWIP package design ef-
fort. The major PNL responsibilities are to
provide skills and assistance in the auto-
clave operation and to conduct the primary
interpretation of the hydrothermal data.

Summary

In late FY 1982, a team of Hanford con-
tractors was formed to perform waste~-barrier-
rock interaction studies using fully-loaded
waste forms in a hot-cell test facility.

This project is to provide data for quantify-
ing the performance of waste package compo-
nents in a basalt repository environment,

The team of Hanford contractors includes Rock-
well Hanford Operations (RHO/BWIP), PNL, and
Westinghouse Hanford Company (WHC). BWIP
provides program direction, WHC 1is building
the shielded test facility and providing




analytical support, and PNL is providing
skills and assistance in running the facility
and will conduct the primary interpretation
of the testing data.

The facility is currently under construc-
tion and is scheduled to begin operation in
early FY 1984,
in October 1972.
built, PNL is carrying out a series of hydro-

Funding for the program began
While the facility is being

thermal tests using tracer-doped waste forms.
These tests are being run in a PNL hydrother-
mal testing facility but in conjunction with
WHC and BWIP.
entific data, the tests also constitute a

While providing valuable sci-
“shake-down" for the project. This allows
technical problems in the project to be
worked out and allows the three groups time
to coordinate their activities before the

hot-cell testing begins.

Technical Progress

PNL assisted WHC in writing procedures for
the operation of rocking autoclaves in the
hot-cell testing facility. These procedures
were prepared for inclusion in the BWIP ba-
salt operating procedure handbook (RHO-BWI-
MA-4),

An informal report, "Preparation and Anal-
ysis of 77-260 Tracer Loaded Glass" by
C. A. Knox (November 1982), was written de-
scribing a glass sample prepared for BWIP
during FY 1982,
detail a glass sample that may be used when

This report describes in

we conduct tests on tracer-doped waste forms
in the hot-cell testing facility before be-
ginning tests on fully loaded waste forms.
While the hot-cell facility is under con-
struction, we are using the PNL hydrothermal-
testing facility to test the behavior of var-
jous radionuclides doped into glass when the
glass is reacted with basalt water and basalt
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water plus basalt. Currently two tests are
under way on glass doped with 997¢. They are
being run at 200°C and 30 MPa for about

3 months. The WHC team is providing the ana-
lytical support for these tests, both for the
solutions and for the solids.

Figure 3.16 presents the 27Tc fluid con-
centration data plotted against run time for
both tests--the glass plus water and glass
plus wéter plus basalt. For the glass plus
water run, it can be seen that the 99Tc con-
tent in the fluid rises rapidly from zero at
the beginning of the test to over 40 mg/L
after 300 hr. After 1600 hr of run time, the
concentration of 997¢ has increased to over
50 mg/L. This amount of 29Tc in the fluid
indicates that over 60% of the total amount
of 9971¢ initially contained in the glass has
been repartitioned from the glass into the
fluid., Filtration of the fluid samples
through both 4000A and 18A filters shows no
difference in concentration, indicating that
the 991c is truly in solution (probably as
Tc04”) and does not exist as a colloid.

These results show that under the hydro-
thermal conditions imposed 97¢ is very solu-
ble in basalt groundwater alone and the glass
is not very successful at containing it.
However, when an equal amount (equal to the
mass of glass) of ground Umtanum basalt is
added to the system, 71 greatly decreases
in solution concentration. Figure 3.16 shows
that the concentration rises from zero at the
beginning to 2 mg/L after 24 hr and then re-
mains at ~2.5 mg/L after 650 hr of elapsed
run time. We suspect that the 997¢ is re-
When basalt

is present, the ferrous iron it contains re-

Teased to the solution as Tc0y~.

duces the soluble Tc0,™ species to the insol-
uble TcO, compound, thus removing 997¢ from
solution. The importance of these observa-

tions is that basalt, due to its unique _

)
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reducing capability, may effectively reduce Other activities include helping BWIP plan
the mobility of 997¢ after the repository the testing activities for FY 1984, charac-
is breached. The potential mobility of this terizing MCC-supplied fully loaded waste
long-Tived radionuclide (2.14 x 10° year forms using a shielded scanning electron
half-1ife) has been of concern to the nu- microscope, and evaluating data from tests
clear-waste community for some time. A ba- run in FY 1982,

salt repository may provide a unigue control

for its mobility. 3.2.6 Structural Barrier Materials
(AP-05-15-05 - 80752)

Future Activities

The Structural Barrier Materials Task has
as its objective the characterization and
recommendation of metallic materials for use
their planned 3-month duration. We plan also as structural barrier components in high-
level nuclear waste packages for a Hanford
basalt repository medium.

The pair of 997¢ tests will continue for

to start tests that include canister material
in order to assess whether metallic iron can
reduce the 99Tc concentration even further.
A set of tests similar to the 99Tc-doped
glass tests is planned except that 237Np—,

Summary

239 . Two major material degradation modes are
Pu-doped glass will be used. Run duration

and conditions will be identical to the 99Tc—
doped glass tests. Both the 997¢- and acti-
nide-doped glass samples have a PNL 76-68

addressed: general (uniform) corrosion and
stress-corrosion cracking., The general cor-
rosion is being determined in autoclave

. studies with and without the imposition of
composition.




gamma irradiation. Resistance to stress-
corrosion cracking is being determined by
hydrothermal slow-strain-rate studies. Pri-
mary emphasis is currently being placed on
cast and wrought ferrous materials, as the
data obtained to date have indicated that
these wmaterials are satisfactory in low-ion-

strength basaltic groundwaters.

General Corrosion

In the general corrosion study, specimens
of ductile cast iron, 2 1/2% Cr-1% Mo cast
steel, and 1 1/4% Cr-1/2% Mo cast steel have
been exposed to flowing simulated Hanford ba-
salt groundwater at 150 and 250°C. After
12 months exposure the corrosion rates of all
of these materials are <0.25 mil/yr, ex-

In ad-
dition, specimens of 1025 cast steel and 1020

pressed in terms of linear kinetics.

wrought steel have been exposed under the
same conditions. After 3 months of exposure,
the 1025 cast steel and all but one of the
wrought steel specimens have exhibited corro-
sion rates <0.27 mil/yr. One wrought steel
specimen was heavily etched and pitted, with
Addi-

tional exposure will reveal whether a suscep-

a metal loss equivalent to 2.8 mil/yr.

tibility to nonuniform corrosion exists in

this material.

Irradiation-Corrosion

The irradiation-corrosion tests are per-
formed similarly to the general corrosion
tests, except that the test autoclave is ex-
posed to 6060 gamma irradiation., Test data
are available to 11 months exposure at 250°C
and 2 x 10° rad/hr on cast ductile iron and
2 1/2% Cr-1% Mo cast steel.
corrosion rates were 0,36 mil/yr for the duc-

The (linearized)

tile iron and 0.13 mil/yr for the cast steel
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after this exposure period. Corrosion rates
obtained in this study were initially high,
compared with data for nonirradiated-
specimens; however, the corrosion rates have
steadily decreased with time until they are
not substantially different from those ob-
tained without irradiation.

In a separate study, the corrosion rates
and hydrogen pickups of specimens of tita-
nium alloys Grades 2 and 12 (0.062 in. and
0.032 in. thick, respectively) were deter-
mined after a total exposure of 10 months to
Hanford basalt groundwater at 250°C and irra-
diation dose rate intensities of 1 x 104 to
1 x 10° rad/ hr. The corrosion rates were
found to be insignificant, i.e., <1 mm pene~
The hydrogen pickups
Hydrogen pickup

tration in 1000 years.
were substantial, however.
was found to increase with radiation dose.

At the highest levels of radiation intensity,
increases in hydrogen concentration >100 ppm
were found in specimens of both alloys. The
Grade 12 alloy was more resistant to hydrogen
pickup than the Grade 2 (commercial purity)
alloy.

Slow-Strain-Rate Tests

The slow-strain-rate behavior of 1020
wrought steel in air has received the major
attention in the tests completed to date.

The air environment tests have been performed
at 150°C and at strain rates of 10’4/sec and
2 X 10’7/sec. The wrought steel has been
tested in two textural directions. The air
studies are intended to provide "inert en-
vironment" elongation, reduction-of-area,
fractographic, and tensile strength data for
comparison to the same data obtained under
hydrothermal groundwater environmental con
ditions. (These tests will begin in late

April.} A diminution of ductility or tensile

-

-



strength, relative to the air environment
tests, or fractographic evidence of brittle
fracture, would indicate a susceptibility to
environmentally enhanced cracking.

3.2,7 Sorption Studies

The objective of this work is to obtain
radionuclide sorption-desorption kinetics and
equilibria for key radionuclides in the pres-
ence of each of the geologic materials that
the radionuclide contaminated groundwater
might contact, This includes basalt, basalt
flow top and secondary minerals from the
Umtanum flow and the Middle Sentinel Bluff.
Because basalt is a dominant component of
the waste package backfill, data from these
experiments will complement the basalt-
bentonite multicomponent solubility studies
to be conducted at Rockwell in FY 1983. Rock
materials used in this study will be supplied
by the BWIP Waste Package Department.

Technical Progress

Sorption kinetics studies were completed
on Cohassett basalt for neptunium, techne-
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tium, uranium, selenate-selenium, selenite-
selenium and lead. Lead and carbon kinetics
also were determined for Umtanum basalt and
Umtanum basalt flow top. At least three ini-
tial radionuclide concentrations were used
under oxidizing and reducing conditions at
60°C in GR-3 synthetic groundwater. A typi-
cal kinetic loading curve for uranium on
Cohassett basalt is shown in Figure 3.17,
Uranium as U{IV) sorbs readily with nearly
complete uranium removal from solution under
reducing conditions (Eh = -150 mV). Carbon,
on the other hand, sorbs very little as HCO3’
and 003'2 under any conditions from GR-3
formulation at pH 9.75.

Four basalt columns are now under way at
50 to 80 psig backpressure to avoid gassing
due to the HCO3™ content of GR-3.

Cohassett and Umtanum basalt columns with

There are

radium and a Cohassett basalt column with
A
single column of Umtanum basalt is being run

uranium, all under oxidizing conditions.
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FIGURE 3.17.
Reducing GR-3 Groundwater

Uranium Sorption Kinetics on Cohassett Basalt from




with technetium under reducing conditions at
80 psig to avoid column gassing due to the
hydrazine used to create the reducing en-
vironment. The results are shown in Fig-
ure 3.18,
caused by changes in solution Eh over a rela-
A1l of these

columns are still operating and will be de-

The fluctuations in C/Co were
tively long period of time.

sorbed at some future date with nonradioac-
tive GR-3 synthetic groundwater,

Several static experiments with Cohassett
basalt at 150°C were completed, including
technetium, plutonium, uranium and neptunium.
Equal weights of Umtanum basalt and backfill
bentonite, and Umtanum basalt, bentonite and
copper were used with technetium and uranium
to produce curves of radionucliide in solution
versus time and chemical analyses of the ma-
jor constituents in solution. The radionu-
clides were usually removed readily from
solution by other basalt reactions ongoing at
150°C.
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3.2.8 Repository Seal Design Engineering
(AP-05-15-05 - 80751)

The FY 1983 objectives of this program are
to 1) identify and evaluate the state-of-the-
technology related to the degradation of
proposed repository sealant materials and
2) develop a preliminary strategy for a
statistically valid testing plan and will
ensure the adequacy of repository scals.

Technical Progress

Activities on this project were started
during the latter part of the reporting per-
jod, i.e., February 1983, Literature
searches were initiated for pertinent infor-
mation in the areas of 1) degradation of an-
cient cementitious materials, 2) degradation
phenomena in modern cementitious materials,
and 3) extrapolative methods for time-limited
data bases.

The review of the literature for degrada-

tion in ancient concrete-like materials
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GR-3 Solution at 60°C
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indicates that the major change which has oc-
curred in these materials is carbonation by,
primarily, carbon dioxide in the air. In
some cases the carbonation of calcium hydrox-
ide in these lime-base materials to calcite
was 100% after exposure to air for about

2000 years.

The computer searches of the available
literature in the areas of chemical and mech-
anical degradation of the properties of con-
crete due to increases in temperature are
nearly complete. The key areas of degrada-
tion of concrete that are related to exposure
to elevated temperatures were determined to
be: 1) changes in composition of the origi-
nal mineral species, 2) changes in relative
amounts of the original mineral species,

3) changes in thermal properties of the indi-
vidual mineral species that are undergoing
change, 4) chemical reactions between the
original mineral species themselves and other
adjacent media, e.qg., structural steel, wa-
ter, or basalt, and 5) volume changes asso-
ciated with the chemical changes that occur
A1l of

these changes can affect the strength prop-

in the original mineral species.

erties of the concrete, and taken together,

they can be expected to affect the perme-
ability of the concrete. The extent of the

effect is yet to be determined.

3.3 NEVADA NUCLEAR WASTE STORAGE INVESTIGA-

TIONS (NNWSI) (AP-05-15-10 - 1690/1)

3.3.1 Maste Package

The primary objective of this research is
to understand elemental release from the
waste form, both with and without the pres-
ence of a metal, in a tuff repository
environment.
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Summary

Research on the Lawrence Livermore Na-
tional Laboratory contract has been ongoing
for about 4 months, and only preliminary re-
sults are available. The experiments were
designed to evaluate interactive effects
between PNL 76-68 waste glass, tuff rock, and
304L stainless steel, the anticipated waste
package constituents in a tuff repository.
The results to date show that the addition of
tuff rock and 304L stainless steel causes no
significant effect on elemental release from
the 76-68 glass waste form.

Technical Progress

For this summary of current progress, too
few analyses have been completed to allow
firm conclusions. Such conclusions must
await completion of the test matrix and anal-
yses of the leachates, solid samples, and
filter cones.

A1l reported results were obtained by
static leach testing following a procedure
similar to MCC-1.
analyses (after filtration through 18-A fil-

Presently, only solution

ter cones) are reported. In many cases only
short-term data consisting of two or three

data points are available.
Data are reported as Tests 1, 2, or 3,

These tests are described as follows:

Test 1, 76-68 glass in tuff groundwater
(Well J-13) at a sample surface
area-to-solution volume ratio (SA/V)
of 10 mL,

Test 2, 76-68 glass + tuff rock + tuff

groundwater with an SA/V = 10 m~1

and with monolithic rock. The




rock geometric surface area equals
that of the glass, and the actual
rock surface area (N, BET) equals
~0.25 m2, which compares to ~2 x
107% o2 for the glass sample., Thus
the system should be rock dominated.
Test 3. 76-68 glass + tuff rock + 304L SS.
This test is identical to Test 2 ex-
cept for the addition of a piece of
monolithic ﬁeta? with surface area
equal to that of the glass sample.
This represents only part of the test
matrix. Variations in SA/V ratios and in
constituent surface area ratios are included
in the complete matrix. The use of powdered
rock and glass will be necessary to achieve
higher surface area ratios. Planned test
times include 3, 7, 14, 28, 56, 91, and
182 days.

Nata Summary

The current data can be summarized as
follows:

o The effect of metal was not evaluated by
itself. Therefore, commnents on the effect
of metal cannot easily be made. However,
the effect of metal plus rock can be com-
mented upan.

® There was a general trend of increasing pH
with increasing temperature for 76-68
glass in tuff water. The pH range was
from about 8 at 40°C to 9 at 150°C. Both
70 and 90°C were similar at 8.5. The ad-
dition of tuff rock and/or 304L SS did not
affect pH significantly.

o The more mobile species of sodium, potas-
sium, cesium, molybdenum, and boron be-
haved similarly with one exception. In
general, release from 76-68 glass into
tuff water increased with temperature; and
addition of rock and/or metal (Tests 2 and
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3} resulted in decreased solution concen-
trations at both 90 and 150°C. Potassium
is the exception--the temperature depend-
ence for Test 1 is not strong and the ad-
dition of rock and/or metal (Tests 2 and
3) results in enhanced solution concentra-
tion. Potassium concentrations are low in
the glass and, therefore, perhaps the tuff
rock is having a significant effect. Ap-
parently the presence of the rock results
in less glass reaction due to silicon ad-
ditions to the water, as evidenced by the
solution concentrations of boron and the
other more mobile species.

In general, the alkaline earth elements
decrease in concentration (Test 1) with
increasing temperature. This is probably
due to pH increases and resuiting solubil-
ity decreases with increasing temperature.
The addition of other constituents

(Tests 2 and 3) results in either no ef-
fect or in increased solution concentra-
tion. The rock composition will have to
be determined to resolve the specific al-
kaline earth behavior., Tuff composition
is currently being evaluated.

The more immobile species such as alumi-
num, silicon, uranium, and iron are not so
easily categorized and should be evaluated
individually. Aluminum is present in the
glass in such small quantities {(actually
as an impurity) that its behavior is dif-
ficult to follow.
centration in solution that analyses are

Iron has such low con-

difficult and have large error bars. In
general, all the elements increase with
increasing temperature (Test 1) except
uranium, which has an inverse solubility
and therefore decreases in solution con-
centration with increasing temperature,
The addition of other constituents

{Tests 2 and 3) tends to increase solution

-



concentrations of aluminum and silicon and

has little effect on iron and uranium.

Although data are not currently sufficient
to warrant detailed analyses or strong con-
clusions, the presence of either tuff rock or
304, SS does not appear to affect glass
Teaching detrimentally.

3.3.2 Structural Barriers

The objective of the Structural Barriers
Program is the characteriaation of metals
congidered potentially useful as structural
barrier materials in high-level nuclear waste
packages intended for a Nevada tuff
repository.

Summary

Two major metal degradation modes are be-
ing addressed: general (uniform) corrosion
and stress-corrosion-cracking. General cor-
rosion rates are being determined in auto-
clave studies with and without the imposition
of a high-intensity gamma radiation field.
Resistance to stress-corrosion cracking is
being determined by hydrothermal slow-strain-
rate studies. Primary emphasis is currently
being placed on 1025 wrought steel, wrought
9% Cr-1% Mo steel, and 304L stainless steel.
Investigations of cast steels and cast duc-
tile iron, begun Tast fiscal yéar, are being

phased out,

General Corrosion

The geﬁera1 corrosion study has, until
now, emphasized determining the corrosion
rates of 2 1/2% Cr-1% Mo cast steel,

1 1/4% Cr-1/2% Mo cast steel, and ductile
cast iron in J-13 well water at 250°C. A
layer of crushed tuff rock from the Bullfrog
Horizon was placed in the bottom of the auto-

clave. After 6 months exposure, the ductile
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cast iron exhibited the highest corrosion
rate, viz., 0.54 mil/yr; the two cast steels
generally showed <0.20 mil/yr penetration.
Magnetite, Fe304, and nontronite, an iron-
aluminum silicate hydrate, were the principal
corrosion products formed. This test has
been terminated.

The general-corrosion emphasis is now be-
ing placed on 1025 wrought steel and 9% Cr-
(Wrought 304L stainless

steel is being procured for eventual evalua-

1% Mo wrought steel,

tion.)
conducted at 150°C, with crushed Topopah
Spring tuff rock half-filling the autoclave

The general corrosion study is being

and completely covering haif of the sample
array. The aqueous medium is flowing air-
The first data from

this test will be available in the next re-

sparged J-13 well water,

porting period.

Irradiation Corrosion

Two irradiation-corrosion autoclave facil-
ities are currently being set up to test the
three candidate structural barrier materials
in J-13 well water and crushed Topopah Spring
tuff at 105 and 150°C, and 60¢, gamma at
radiation-intensity levels of ~4 x 10° rad/
hr. The tests will begin in April 1983.

Slow-Strain-Rate Tests

The slow-strain-rate behavior of 1025
wrought steel has received the major atten-
tion in the tests completed to date. These
studies are intended to provide "inert en-
vironment" elongation, reduction-of-area,
fractographic, and tensile-strength data for
comparison to the same data obtained under
test conditions relevant to a tuff repository.
These groundwater tests have begun using 1025
wrought steel, but the data have not yet been




anayzed. Specimens of 304L material, cur-
rently on order, will be tested when they ar-

rive on a top-priority basis.

3.4 OFFICE OF NUCLEAR WASTE TERMINAL STORAGE

INTEGRATION (ONI)

3.4.1 Simplified System Performance

(AP-05-15-15 - 80742)

The objectives of this program are:

1) Develop and document a simplified simula-
tor containing three linked compoments: a
nuclide source term, the analytical solu-
tions to contaminant transport developed
by Dr. T. H. Pigford, and a dose-reaching-
the~biosphere calculation.

2) Review the first phase results of
INTRACOIN and develop explanations for
significant inconsistencies among the
entries supported by DOE funding.

3) Work in a review capacity to provide ONI
with comments on the consistency of the
field data, the comceptual models, and the
conclusions of modeling studizs conducted
by the NWTS site contractors and submitted
to NE22.

4) Provide systems analysis of the effect of
including TRU waste in a repository.

Summary

The National Waste Terminal Storage (NWTS)
Program is developing performance assessment
methods for high-level waste disposal sys-
tems; domains of interest include the waste
package, the repository, and the far-field
surrounding the repository. - Studies have
been conducted defining the inventory of
nuclides to be stored in waste packages
within a repository. Models of the waste
package, elements of the repository, and far-
field have also been further developed. How-
ever, the models of specific phenomena for
the different domains are still to be coupled
to provide an integrated analysis capability.
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Also, some phenomena have yet to be analyzed
for their sensitivity to key parameters.

It is recognized by all involved that
coupling of the most complex analyses is pre-
cluded by computer hardware constraints.
Nevertheless, some form of coupled analysis
is necessary to provide gross estimates of
system response to alternative source-term
and contaminant-migration scenarios. The
system response to variation of specific
parameters may also -be evaluated.

Simplified Simulator

The project has developed a simple model
of a high-level waste disposal system. The
simplified simulator's purpose is to mathe-
matically describe a disposal system's isola-
tion characteristics. The model, as applic-
able, can be used in analytical calculations
on sites and repositories in suppbrt of
benchmarking. It can perform bounding-type
calculations to show the effect of design
variations, the uncertainty in site charac-
teristics, and the importance of modeling or
Although

limited to the simulator's validated range,

ignoring specific phenomena.

such a model will provide valuable insight
into the response of the waste storage
system.

The model can Took at a variety of per-
formance measures, a valuable capability
because it is uncertain what requirements
will be imposed on the isolation system by
regulations. Some would use a maximum dose-
to-the-individual calculation to provide this
final measure; others would use a maximum re-
lease criterion. The latter type of analysis
removes the variety of assumptions which are
required by the'dose-to-the—individua1 cal-

culation, The trade-offs of the dose-to-the-

G;;>



individual and release criterion approaches
can be evaluated using the integrated model.

The computer programs comprising the Sim-
ple Code for Predictive Evaluation (SCOPE)
system can be separated into three groups:

1. The BAIRN system consists of four programs
that account for the transport of radioac-
tive waste in a groundwater system from
the repository to the bisophere.
Program EXPOSE uses the results of BAIRN
to calculate the integrated release of
nuclides from the waste in accordance with
proposed Environmental Protection Agency
(EPA) regulations.
The codes PABLM and ALDOS also use the re-
sults generated by BAIRN, but they provide
an explicit and detailed estimate of the
dose to the individual,
In solving for the transport of nuclides,
BAIRN specifically uses analytical solutions
to the equation for one-dimensional solute
transport for up to a three-member decay
chain. Analytical solutions for single nu-
clides are derived by BAIRN 1; 2- and 3-
number decay chains are modeled by BAIRN 2
and BAIRN 3, respectively. Principal simpli-
fying assumptions for BAIRN's analytical
solutions are:
® Sorption may be represented as in secular
equilibrium,
e All elements have infinite solubility.
o Radioactivity is released into groundwater
by a band release,
9 A uniform one-dimensional flow path is
used,

BAIRN 4 approximates chains of four or
inore nuclides by combining the results from
the one-, two- and three-member chain solu-
The results for BAIRN 4 are written
into a file that is compatible with exposure

tions.

and dose codes.
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Programs ALDOS and PABLM are used to cal-
culate internal radiation doses to the indi-
vidual from radionuclides in food products
and external radiation doses from radionu-
clides in the eanvironment. Both programs use
the results of BAIRN as well as input from
the user for calculations. The results from
both programs are similar; they differ mostly
in operational details.

The program EXPOSE uses different criteria
to estimate the potential hazard to man from
the transport of radioactive waste to the
biosphere, EXPOSE uses the results of
BAIRN 1, BAIRN 2, and BAIRN 3 to sum the
curie content released from an aquifer over
time. These numbers are compared to criteria
developed by EPA for estimating hazard.

The simplified simulator SCOPE is being
documented and undergoing verification tests
of the simulator components to ensure proper
performance of the input, output, and trans-
fer operations of the simulator structure.
Other tests will include bounding-type analy-
ses that vary the repository and site charac-
teristics and the model components employed.
This is expected to identify conditions under
which selected system parameters are impor-
tant to define system performance. A sig-
nificant portion of this activity will be
devoted to a parametric anaysis of TRU waste
placed in four host media: salt, basalt,

tuff, and granite.
INTRACOIN

The DOE has sponsored four independent
efforts to model test problems defined in the
INTRACOIN exercise. Contractors were PNL,
INTERA Environmental Consultants, ONWI, and
Or. T. H.
Laboratory.

Pigford of the Lawrence Berkeley
Several differences or incon-
sistencies in results require explanation,




They could arise from the independent inter-
pretation each investigator lent to the
INTRACOIN problems or from the modeling ap-
proaches taken.

In INTRACOIN 1, a major difference between
the PNL and the Berkeley methods in the
boundary condition at the discharge point
occurred. PNL used open boundary conditions
in which back dispersion from the discharge
point is not possible, whereas BerkeTey used
an infinite boundary and simply sampled the
In the lat-

ter case, back dispersion is possible. We

waste stream to measure release.

are examining the effects of open versus in-
finite boundary conditions relative to mesh
description on the INTRACOIN 1 results.

A more fundamental question arose at the
INTRACOIN 2 meeting.
example, significant contamination was found

In a two-dimensional

upgradient of the source and also more dis-
persed to the sides than expected. This was
generally ascribed to be the result of a
Fickian dispersion model of transport.
Currently, a critical technical issue of
groundwater transport modeling is the cor-
rectness and adequacy of the classical con-
vection-dispersion equation, when applied to
That fundamental

phenomenological equation, based on an exten-

actual field conditions.

sion of Fickian diffusion concepts, is pres-
ently the basis of most contaminant transport
models. The consensus among groundwater
transport researchers is that the classical
equation does not always appropriately de-
scribe field-scale hydrodynamic dispersion.
Because there is considerable technical
concern about the influence that incorpora-
tion of non-Fickian field-scale dispersioh
behavior has on transport predictions, we are

conducting an initial study of Fickian versus
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non-Fickian dispersion to determine their

relative influence.

Review of Performance Assessment

This effort is designed to provide techni-
cal support for reviewing performance assess-
Addi -
tional effort may address the completeness of

ment capability at the NWTS sites.

performance assessment capabilities at sites
and the need for compatible assessment capa-
bility. In the

first, PNL is reviewing the radiation expo-
14
C

Two efforts are under way.

sure pathway models for the radionuclides
and 1291 and the dose factors per unit intake
for 237Np.
transport, the fate, and the dosimetry of

The mechanisms of environmental

several radionuclides are objects of scien-
tific debate and of periodic modeling re-
visions. For 4C our model's present ap-
proach for estimating uptake from water by
plants results in overestimates of dose, es-
pecially when modeling long-term releases
from repositories through groundwater. Some
investigators have suggested that for 129[,
dilution by naturally occurring stable
sources, homeostatic limitations on human
uptake, and natural removal from the bio-
sphere would significantly reduce potential
radiation doses. Present models do not ade-
quately address all of these factors. The
International Committee on Radiological Pro-
tection (ICRP) has recently increased the
factor for human assimilation of 237Np by two
orders of magnitude over that previously ac-
Oak Ridge National Laboratory (ORNL)

had previously increased the factor for nep-

cepted.

tunium by one order of magnitude for use in
their codes, and this revision was adopted by
the EPA. Some experts believe that the ORNL
estimate is better than the new ICRP
recommendation,

-
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In this effort available ¢ models are
heing reviewed. A more realistic model is
being developed and incorporated into the PNL
dose codes PABLM and DITTY, based either on
the literature review or on a completely new
formulation that avoids the weaknesses of the
present version.

The literature on 1291 in the environment
is also being reviewed, and attempts will be
made to guantitatively adjust the present
model to account for natural dilution, human
uptake limitations, and environmental removal
if deemed necessary. Appropriate model revi-
sions will be incorporated in the programs
PABLM and DITTY.

Finally, the literature is being reviéwed

237Np. Areas of dis-

on the dose factors for
agreement between the factors selected and
ICRP recommendations are being highlighted
and the arguments for and against each posi-
tion given,

In the second part of this effort PNL is
reviewing the Nuclear Regulatory Commission's
(NRC) performance assessment approach. The
NRC is developing, through independent but
parallel efforts, a performance assessment
method for evaluating geologic disposal of
radioactive waste. This method, being de-
veloped primarily by the Sandia National Lab-
oratories, will be used to assess the long-
term performance of deep geologic repository
sites proposed by DOE for licensing. There
is a need to compare the DOE's and NRC's
methods to determine their compatibility and
to define any significant differences that
should be addressed now to avoid problems in
licensing.

PNL is performing a comparative review of
the two methods, focusing on defining differ-
ences, potential data collection, and defi-

ciencies in DOE's efforts at characterization

3.39

of site, waste and repository data that will
be required by the NRC method.

Due to the large number of NRC documents,
the number of independent DOE sites, and
funding limitations, PNL is limiting the
review to groundwater flow and transport
models, and pathways-to-man and dose (envi-
ronmental) models used in the NRC method.
These two areas make up the bulk of the NRC
method, and with the possible exception of
NRC's disruptive scenario development, can be
considered to be the 1ikely areas of major
inconsistencies. Areas not included in this
review that may be evaluated at a later time
include: disruptive scenario-selection pro-
cedures, preclosure accident analyses, geo-
chemical and thermal formulations, and rock

mechanics.

TRU

The overall performance of a terminal
waste repository depends on the effectiveness
of multiple barriers, one of which is the
waste package (waste form and other struc-
tural barriers). The primary purpose of this
effort is to examine the requirements on the
effectiveness of the waste-package barrier
{specifically for transuranic (TRU) waste).

A second purpose is to examine the require-
ment on the effectiveness of the waste pack-
age if no allowance is made for the sorptive
properties of the geologic medium through
which the waste is transported by groundwa-
ter. (This is a test of the requirement that
the multiple barriers be independently effec-
tive.) The measure of the effectiveness of
the waste package is the release time, i.e.,
the period over which the waste package re-
leases the radionuclides. The measure of the
performance of the repository system is that
dictated by EPA's regulation 40 CFR 191

(Draft 21).




The EPA regulations provide an isotope-
specific basis for determining the maximum

allowable radionuclide release to the "ac-
cessible environment” in the first 10,000 yr
The basis differs
depending upon whether the waste is classi-

fied as high-level waste (HLW) or TRU waste,

Because the

after repository closure.

both of which were analyzed.
regulations and the physical processes are
both linear, and therefore additive, this
approach gives information applicable for
both.

The relationship between EPA's release
limits to the environment and the release
rates from the waste package has been estab-
lished via computer simulation of isotope
transport through the circulating regional
aquifer from the repository cavity to surface
waters (the entry point to the accessible en-
vironment). A parametric approach was used
over various combinations of release rates
and other key repository-system performance
parameters (including groundwater velocity,
transport distance, and net sorptive proper-
ties of the media) to determine the release
rates from the system over a broad range of

conditions. This approach provides "ex-
pected" values of release rates as well as an
indication of the sensitivity of the accessi-
ble rates to variation in (or uncertainty re-
garding) other repository system performance
parameters., The method was applied to trans-
port through materials representative of ba-
salt, tuff, and salt and also through a
medium with no sorption. Other assumptions
basic to the calculations were:
1. The radiond&1ide source inventories were
the entire HLW and TRU wastes from the
processing of 72,000 MTHM of spent fuel as

defined in DOE/ET-0028,
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The migrating nuclides were in linear
sorptive equilibrium at all points.

The transporting nuclides were dissolved

in groundwater in trace concentrations

such that there is no inter- or intra-
species competition for sorption, nor are
solubility limits ever reached.

Estimates of the equilibrium sorption co-
efficients, Ky, were used in most cases;
oxidizing conditions were assumed.

The groundwater velocity and axial disper-

sion coefficient were constant for any

single parametric calculation.
Transverse convection and dispersion were
ignored.

The release of nuclides from the reposi-

tory was a constant rate band except for

the effects of the radioactive decay

{decaying band).

The conclusions from this analysis can be
summarized as follows:

o Disallowing (ignoring) sorption places
significant demands on the waste form/
package/engineered cavity system, requir-
ing release rates as low as 10'8/yr or
less from the repository near-field in
order to comply with proposed regulation
40 CFR 191 for a groundwater travel time
of 1000 yr.

e The requirements imposed on the waste
package by 40 CFR 191 do not differ sig-
nificantly for TRU and HLW waste package,
nor are these significantly different
among the sorptive media.

e If the sorptive properties of the geologic
media are accounted for, a release rate
from the repository of 10'5/yr is adequate
to ensure compliance with the proposed
regulation for all three sorptive refer-
ence media for a groundwater travel time
of 1000 yr.



3.4,2 RECON Repository Cost Analyses

The objective of this program is to de-
velop a verified repository economics model
and data base to evaluate the cost impacts of
preliminary repository design trade-offs and
to estimate overall waste Jdisposal costs.

Background

The RECON repository economics model was
originally developed in 1981 as part of a
task to evaluate the economics of reposito-
ries and alternative media. In 1982, further
development was completed, including calcula-
tions of operating requirements and costs as
functions of process rates for different re-
pository operations. In addition, many minor
improvements were made in the program logic.
Preparations were made for a report document-
ing the RECON model at the end of FY 1982,

Technical Progress

During the first half of FY 1983, the pro-
gram scope encompassed several tasks: 1) ex-
pansion of the data base to run the improved
RECON model, 2) development of a model as an
interface to facilitate use of the model, and
3) development of equations to model interim

waste storage costs.

During the first quarter of FY 1983, the
interim storage cost equations were developed
based on a draft Monitored Retrievable Stor-
age (MRS) Interim Storage document. In
accord with project scope, these equations
were determined for just one scenario, a
co-located MRS facility at a repository site.
The results of this task were transmitted in
a letter report to the sponsor in January.
During December and January, data require-
ments for the improved RECON model were
developed using data sources provided by the
sponsor, Verification runs were made with

RECON using this data base to compare the
results with hand-calculations made by the
sponsor. The verification runs were made in
a salt medium for spent fuel and high-Tevel
waste repositories.

Costs for the spent fuel repository pre-
dicted by the RECON model were $5.5 billion
versus costs estimated by the sponsor of
$5.4 biilion. The RECON estimates for the
nigh-level waste repository were about 12%
higher than the sponsor calculations. An
attempt to reconcile the differences for the
HLW case was not successful because of the
widely different accounting categories used.
In January, the sponsor requested that an
additional table be developed using a consis-
tent accounting category instead of develop-
ing additional verification runs for other
media. This additional table, using consis-
tent accounting categories, has been devel-
oped and is now being debugged.

To improve the user friendliness of the
RECON model, a preprocessor was developed
which facilitates input of data by the user.
The preprocessor is an interactive program
with menus describing the different cate-
gories of data inputs. The preprocessor
allows the user to either create a complete
new data base, or to step through the menus
changing only selected data inputs. This
task has been completed and the preprocessor
is now being used to develop data for the
program runs.

Additional improvements to the RECON model
have also been completed as part of another
DOE project. These allow modeling of the
borehole in the wall emplacement concept and
also co-emplacement of low heat generating
wastes with high-level wastes. All of these
model improvements have been documented and
will be published in the final documentation
and Users Manual, This final documentation
report, due to be published in April 1983,




will complete the final milestone for this
project in FY 1983,

3.5 OFFICE QF CRYSTALLINE REPOSITORY
DEVELOPMENT {OCRD)

Northeast Granite Regional Environmental
Characterization Studies (DA-30-30-03 -~
80459)

Objectives are 1) to prepare an environ-
mental characterization of the Northern Ap-
plachian and Adirondack Crystalline Region--
comprised of portions of the states of Con-
necticut , Maine, Massachusetts, New Hamp-
shire, New Jersey, New York, Pennsylvania,
Rhode Island, and Vermont and 2) to prepare
an analysis for and recommendations of areas
within that region that are suitable candi-
dates for more detailed environmental char-
acterization.

Summary

This program has developed an environmen-
tal characterization data base for all or
parts of nine (9) Northeast and New England
states under the sponsorship of the Office of
Crystalline Repository Development, (OCRD), A
draft Environmental Characterization Report
(ECR) was transmitted to OCRD, and comments
were received for the final draft. Addi-
tional tasks scheduled for the latter half of
FY 1983 will proceed.

Technical Progress

Program staff supplied a modified proposal
to the sponsor in October 1982 for FY 1983
activities. The funding level was set and
the effort will continue through July 1983,
The project is managed by OCRD's Site Char-
acterization Department and is a component
of NWTS's (DOE) repository site selection
process as outlined in DOE's Confidence

Rulemaking Statement. Major efforts thus far
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in FY 1983 have been directed toward 1) de-
veloping useful site selection/screening
tools for OCRD, 2) responding to OCRD and/or
DOE comments on the characterization docu-
ment, and 3) interfacing with the follow-on
contractor. The region of the U.S. covered
by the project and study is shown in Fig-
ure 3,19,

Highlights for the first half of the fis-
cal year are as follows:

® A new project monitor, Tom Anderson, was
appointed in November for the Office of
Crystalline Repository Development (OCRD).

® An existing interlaboratory agreement with
Battelle's Human Affairs Research Centers
was extended for them to continue demo-
graphic work for the project.

@ Revised schedule of milestones, dates and
deliverables after discussions with spon-
sor in December.

e A comment copy of the Environmental Char-
acterization Report (ECR) was cleared and
delivered to sponsor in January.

o Project staff met with OCRD Project Man-
ager in February to review program and
identify areas of the ECR that required
modification,
mitted to OCRD in Tate February.

o PNL staff met in March with OCRD Project
Manager and the Project Coordinator for

An updated ECR was trans-

Dames and Moore (who will take over site
characterization work in FY 1984) to as-
sess the environmental data base and to
discuss procedures for turning over
records.

OCRD comments and suggested changes for
the ECR were received March 31, 1983, and
are being incorporated into a final draft
deliverable April 15, 1983, Work on tasks
scheduled for the last half of FY 1983 will
proceed.

-
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4.0 LOW-LEVEL WASTE MANAGEMENT

The objective of the Low-Level Waste Management Program is to develop the
technology to dispose of low-level radioactive wastes in a manner that protects
the public health and safety.
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4,0 LOW-LEVEL WASTE MANAGEMENT

M. R, Kreiter - Program Office Manager

Program Managers: R. L. Brodzinski, T. L. Jones,
C. S. Simmons and J. L. Swanson

4,1 SPECIAL WASTE FORM LYSIMETERS - ARID
(AP-05-20-15 - 80749)

The objectives are:

1) To constveuct and operate a field facility
designel to conduct wastz form leaching
tests that will determine typical source
terma generatel by commercial solidified
low-level waste, Solidification agents
tested are cement and polyvinyl styrene.

2) To identify through field and laboratory
research, the chemical and physical pro-
cesses that control the concentration of
radionuclides in the soil solution sur-
rounding the waste.

3) To determine adequate methods for repre-

senting source~term boundary conditions in

radionuclide transport models.

Sumnary

Design of the field test facility is in
progress. Final engineering drawings are
near completion. TInitial cost estimates for
construction range from $80K to $130K. The
environmental assessment has been completed.
Based on the preliminary design, the calcu-
tated dose, resulting from exposure to the
commercial low-level waste material, is low
and meets radiological safety requirements.

Shipment of waste materials from Brook-
haven National Laboratory (BNL) will be ini-
tiated in late April and is expected to be
completed by mid-Jdune, A purchase order for
the waste material was completed, and con-
tractual arrangements are being negotiated

with BNL. Analytical requirements for waste-

form characterization have been specified.

Lysimeter Study

The Special Waste Form Lysimeters Study is
a new study at PNL designed to measure the
release and migration of radionuclides from
solidified commercial low-level waste. A
field test facility will be built to contain
selected waste forms in specially constructed
lysimeters, DNata will be gathered that re-
late laboratory measurements of waste-form
characteristics to release and migration
rates observed in the field. Results ob-
tained for this arid site facility and those
from the humid site located at Savannah River
Laboratory (SRL) will be compared. Field
leaching tests will be conducted on actual
commercial waste forms obtained from Brook-
haven National Laboratory. Waste forms
tested will include material from power reac-
tor waste streams that have been solidified
in cement and Dow polymer. The waste form
will be characterized by standard laboratory
tests such as MCC-1 and the IAEA leach test
to obtain estimates of radionuclide release.
These estimates will be compared to leach
rates observed in the field. Solubility
studies will also be conducted to determine
the amount of contaminant available for
transport after release,

The field test facility has been planned
and preliminary drawings completed. Fig-
ure 4.1 shows the cut-away and top view of
the test facility. The commercial waste
materials are to be contained in 55-gal drums
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placed in closed-bottom lysimeters 10 ft deep
and 6 ft in diameter., The lysimeters will be
backfilled with soil so that at Teast 3 ft of
backfill material covers the top of the waste
drum, The soil material will provide radio-
logical shielding as well as a medium for
sorption of soluble radiochemicals that may
leach from the waste drums. Suction candles
(ceramic cups) placed in the bottom and
around the waste drums will be used to peri-
odically collect soil solution for chemical
analysis.

A central caisson (Figure 4.1) will pro-
vide access to the individual lysimeters for
selectively sampling and to instrumenta-
tion. Moisture content and temperature of

the soil surrounding the waste form will be
monitored periodically, and radiological
analysis will be performed both in-situ and
with selective sampling of the lysimeters.

It is anticipated that this will be a long-
term (10 year) study, so the instrumentation
and Tysimeter design will be planned accord-
ingly. Preliminary cost estimates for the
facility described in Figure 4.1 range from
$80K to $130K. The larger estimate was
based, in part,-on considerations to place
some of the waste forms in lysimeters that
extend to depths greater than 10 ft. Due,
however, to significantly increased costs for
lysimeters 15 to 20 ft deep, it is likely
that units 10 ft deep will be used. @



Negotiations with staff from BNL have re-
sulted in procurement and pending delivery of
waste samples, with completion of the ship-
ment expected by mid-June. Samples will be
obtained that are close to those obtained for
the SRL lysimeter project. The analytical
requirements for the waste forms have been
specified to BNL and they are to provide de-
tailed radiochemical information concerning
the waste material,

. During the remainder of FY 1983, the ly-
simeter facility will be constructed and the
monitoring system installed. Provided there
are no unforeseen difficulties in procuring
waste samples, they should be installed no
Tater than the first quarter of FY 1984,

‘After the facility is operational, the
site will be closely monitored for any signs
of radiocactive release from the waste sam-
ples. If any release is detected, then soil
and soil solution samples will be taken for
analysis. Analytical chemistry will include
analysis of macro- and trace elements using
inductively coupled plasma emission spectros-
copy (ICP) and atomic adsorption (AA} tech-
nigques. Anions will be analyzed using ion
chromatography (IC) and radionuclides by low-
level gamma and x-ray counting techniques.
This #will provide the Low-Level Waste Manage-
ment Program with direct field results re-
garding leach and migration rates from actual
commercial solidified waste,

In additién to the field monitoring, which
is the central purpose of the task, a series
of laboratory testing and geochemical exer-
cises is planned. These tests will help pre-
dict expected leach rates and help interpret .

‘anyvfield results obtained. Specifically,
the goals of the laboratory and modeling work
will be to 1dentify which mechanisms are con-
trolling the release of radioactivity from
the waste form.

4.3

4.2 TRANSPORT ASSESSMENT - ARID
(AR-05-15-15 - 80033)

The miasion of this program is to provide
the required technology for use in monitoring
radionuclide trangport through geohydrologic
systems, This technology will assist in the
assessment of the safety of buried solid low-
level radioactive waste.

Summary

Comparisons were made between laboratory
and field observations of the transport of
60Co in Hanford soils, Laboratory column
studies indicated that 60CQ/EDTA can be
highly mobile in Hanford soils. However, the
organic complexant, EDTA, apparently disso-
ciates from 60Co in time, greatly reducing
the cobalt's mobility. Our field tests con-
firm that after 3.5 yr there is little evi-
dence of movement of 60co under the condi-
tions of Hanford soil and climate. These re-
sults imply that complexation of 6OCo, and
perhaps other radionuclides, by EDTA may not
be a long-term problem at Hanford low-level
waste sites.

Transpiration studies were initiated to
investigate the effects that plant water re-
moval has on the water balance at shallow-
land burial sites. Water content measure-
ments (by neutron probe) were made at 25
access wells on two selected vegetated sites
at Hanford. A complete cover site (short
grasses, shallow-rooted) and a sparse cover
site (shrubs, deep rooted) were compared,
Significant differences in water uptake were
observed between the two sites, suggesting
that root depth, percent cover, and plant
type characteristics are information needed
to predict water balance at arid-zone burial
sites. '




Cobalt-60 Transport Study

A field-scale tracer test using 60Co/EDTA-
spiked soil placed in a 1-cm band 60 cm beTow
the soil surface was monitored for 3 yr. \
During that -time, cobalt movement did not ex-
ceed 10 cm, as measured by the downwell probe
or by destructive sampling. Excavation of
the field site revealed some cobalt movement
to a depth of 70 cwm; the peak concentration,
however, remained at its initial depth of
60 cm. Results of the excavation sampling
are shown in Figure 4.2. Also shown in Fig-
ure 4.2 are the results of a tritium tracer

test conducted at an adjacent site. The tri-

tium test was started at the same time as the

cobalt test with tritium also being placed at

an initial dépth of 60 cm. The tritium was
sampled in April 1981 (2 yr after tracer

p]acement) while the cobalt was sampled in
Septembér 1982 (3.5 yr after placement), The
ffguré shows that the tritium has been trans-

sorted an average distance of 4 m (peak con-
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FIGURE 4.2. Comparison of °0Co/EDTA and
Tritium Mobility Under Field Conditions
at Hanford
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centration) while the cobalt peak remains at
Details of this test and
its relationship to our previous laboratory ..

the original 60 cm.

column studies and to work by J. L. Swanson
on organic complexant effects on radionuclide
mobility were reported by T, L, Jones at the
recent Waste Managehent ‘83 conference {Jones
et al. 1983).

1t is apparent. from these studies- that -
there is a time-dependent effect. of complex-
ing agent on 6OCo mobility., Both laboratory
and field studies confirm that complexed 60Co
moves rapidly. through Hanford soils when ini-
tially added to the soil, but that after 60
to 90 days there is an apparent dissociation.
of the EDTA complex, resulting in greatly re-
duced mobility of the %0Co. The implication
from our tests is that transport of 60¢o and
possibly other radionuclides by complexing
with EDTA may not be a serious problem at
Hanford Tow-level waste sites.

Field Transpiration Experiments and Simula-
tion Modeling

Effective site selection for low-level
waste repositories requires accurate water
balance projections for various climatic ex-
tremes and surface covers. Mechanisms for
water removal from soils can be categorized
as evaporation, transpiration, and drainage.
Evaporation and drainage have already been
reviewed in previous waste management re-
ports, and our efforts during the past
6 months have concentrated on measurement
of the transpiration component of the water
balance,

In the past, transpiration measurements
have seldom been made in plant communities
that are not of agronomic importance; thus
little data is available from the literature
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on water use by native vegetation, particu-
larly for arid-zone sites. In many radwaste
management scenarios, burial sites are al-
lowed to revegetate either by design or by
passively allowing plants to invade the bur-
jal site. Under these conditions, it is im-
portant to know the plant characteristics and
to measure the transpiration from the cover
to accurately assess a complete water bal-
ance. Field transpiration experiments have
been initiated this year to collect data that
will describe the water balance of a typical
Hanford area plant community. Data collec-
tion has included descriptive data such as
plant community structure and soil water
status. Vegetation and soil parameters which
control transpiration rates also are being
monitored. These controlling parameters in-
clude the driving forces and pathway resis-
tances to water movement in the soil-plant-
atmosphere continuum. Understanding these
parameters allows for a broader and more

adaptable approach to the modeling of evapo-
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ration in the plant communities associated
with burial grounds.

Twenty-five neutron access wells were in-
stalled on a 5-by-5 grid with 6-m spacing be-
tween each well (Figure 4.3). The wells were
installed to a depth of 4 m by driving a bar-
rel sampler ahead of the well casing, driving
casing flush with the bottom of the barrel
sampler, then withdrawing the barrel sampler,
This method ensures a tight hole, minimizing
void spaces in the surrounding soil and en-
suring reliable downwell-neutron probe mea-
surement of soi) moisture. Soil samples were
subsampled for moisture content, and the re-
maining material saved for analysis of root
density. Soil samples were collected for
standard laboratory analysis.

Six neutron access wells were installed in
early March on a rectangle, 2 by 7 m, sur-
rounding two large shrubs (Bitterbrush,

Purshia tridentata). Access wells were in-

stalled to a depth of 4 m, using the same
drilling procedure described above.

Transpiration Experimental Site (Grass)




Moisture data are being collected every
2 weeks, with alternate sampling times reach-
ing the full 4-m depth.
profile developed as an average of all 25

The soil moisture

access wells is presented in Figure 4.4

(curves 1, 2) for data collected during Janu-
ary and April at the grass site. The figure
also shows the average water distribution at
Note that the

upper profile moisture decreases while the

the brush site (curves 3, 4).

lower increases, indicating redistribution of
water downward. The total water in the 4-m
profile is ~35 cm at the shrub site and 30 cm
at the grass site. Data collected from cores
indicate the grass site has twice as many
roots as the shrub site. The distribution is

quite different, with 100% of the grass roots
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above 1 m while the shrub site has 20% of the
roots located below 1 m. As expected, shrub
roots appear to be distributed relatively
uniformly with depth.

A composite soil sample collected near the
surface at the grass site was analyzed in the
laboratory for the parameters indicated in
Table 4.1. ,

Vegetation composition and cover was eval-
uated by Arid Lands Ecology staff on March 18,
1983.
placing a 0.2 x 0.2-m frame (Daubenmire 1959)
at two locations in each 6 x 6-m plot Tocated
Table 4.2 lists
the identified species and their respective

Vegetation was sampled by randomly

within the access well grid.

cover values.
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TABLE 4.1. Soil Properties
Conductivity 180 mmhos
Particle density 2.74 g/cm3

2.49 x 10’3 cm/sec

Particle size 80% sand, 17% silt,
distribution 3% clay

pH 7.5

Permeability
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4.3 VERIFICATION INSTRUMENT DEVELOPMENT
(AR-05-15-15 - 80334)

The objective of this research program is
to organize, apply, and develop, as required,

TABLE 4.2.
(Number) per 0.04 m

Northwest
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instrumentation for assaying the radionuclide
content of waste packages received by land
burial operators, both to verify the data
provided by the gemerator/shipper and to pro-
vide the most accurate recorda possible of
buried materials.

Summary

A report titled "Massachusetts Low-Level
Radioactive Waste Management Survey" has been
used as the model for average United States
low-level waste dispo§a1 package parameters.
From this survey, recommendations are given
for the type of containers, the matrix mate-
rials, and the radionuclides and their con-
centrations for fabrication of radioactive
waste package standards to be used for assay
instrumentation calibration.

A review of all available TRU assay in-
strumentation technology has been completed,
and review of all non-TRU technology is
nearly complete. The recommended radioassay
system will be given in the final report.

Vegetat}on Cover at Grass: Site Plant Count

Standard
Species Average Deviation Range
1. Litter 61.5 17.7 37.5- 97.5
2. Moss/lichens 59.6 22.9 0 - 97.5
3. Poa sanbergii 26.8 16.4 0 - 62.5
4, Bromus tectorum 34,7 22.3 2.5- 85,0
5. Draba verna 3.8 4,2 0 - 15.0
6. Mushrooms 0.2 0.7 0 - 2.5
7. - Chorispora tenella 0.1 0.4 0 - 2.5
8. Total live p]ants(a) 125.5 18.9 92.5-175.0
9. Total vascular plants(P) 65.9 19.6 20.0-115.0
10. Total cover(®) 187.1 24.3 142,5-237.,5

(a) Total live plants = Total cover - lLitter.
(b) Total vascular plants = Total cover - Litter - Moss/lichens

(¢) Total cover = 1 through 7.




Waste Receipt Instrumentation Development

The Oak Ridge National Laboratory Program
Review Team has directed that standard waste
packages should be fabricated based on survey
information available from EG&G, Idaho,
rather than on field tests at a commercial
waste disposal site., This survey information
has been provided by EG&G in the form of a
final report from Inter/Face Associates,
Inc., titled "Massachusetts Low-Level Radio-
The follow-

ing conclusions are based on data presented

active Waste Management Survey."

in this report.

Those data are extracted from responses to
a well prepared and well administered ques-
That this
Massachusetts data can be extrapolated to a

tionnaire from Inter/Face.

nationwide average is not immediately obvi-
ous. To prepare standard waste packages that
will represent actual packages of commercial
low-level radioactive waste, it is necaessary
to know 1) the types of waste containers
used, 2) the matrix material composition, and
3) the concentrations of specific radioiso-
topes present in the waste. This informa-
tion is available or extractable from the
Inter/Face report.

The Inter/Face report generated separate
data sets for the years 1979, 1980, and 1981,
Although some trends and shifts in disposal
practices are apparent, the same conclusions
regarding standard preparation were obtained
from each data set. The report lists total
volume of waste shipped and the number of
shipping containers which are identified as
Type A and LSA 30- and 55-gal drums, shipping
casks with and without disposable liners, and
other undefined containers. By subtracting

the known volume of drums and casks from the

"total volume and dividing by the number of

other containers, the average volume of
“other" containers is found to be greater
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than 128 ft3

plywood box.

, the volume of a 4 x 4 x 8 ft
Hence, it is assumed that most
"other" containers are 4 x 4 x 8 ft plywood
boxes, with a few larger boxes. Therefore,
on the average, ~50%, by volume, of the waste
is disposed of in plywood boxes, ~33% in
55-gal drums, and ~8% in 30-gal drums, with
the balance in shipping casks and other con-
tainers. Thus, to represent more than 90% of
the waste, standards should be prepared in
4 x 4 x 8 ft plywood boxes, 55-gal drums, and
30-gal drums.

The choice of matrix material is not as
clearly defined as the container. Significant
fractions of the total waste are described as
dry compressible, dry noncompressible, liquid
scintillation, slurry/resins/sludges, evapo-
rator concentrates, aqueous liquids, gaseous

wastes, and "other." Unfortunately, the
"other" category comprises about 60% of the
total volume and nonnegligible fractions of
the total activity. Consequently, adequate
information is not available to simulate the
preponderance of waste matrices, and even if
it were, it would result in too large a num-
ber of permutations for practical considera-
tions. Hence, it is recommended that a
matrix material with a density near unity and
a matrix material with a density of about 2.5
For lack of bet-

ter information, the radioactive spikes

to simulate cement be used.

should be homogeneously distributed through-
out the matrix. The low density standards
should be fabricated in Ashland Chemical
Company water-extended polymer (WEP-662-T),
Dow Chemical Company vinyl ester-styrene
polymer, General Electric Company Aztech rad-
waste system polyester monomer, or other sim-
The higher
density standards can be fabricated in the
WasteChem VR

ilar polymerizable monolith.

System asphalt binder,

_Portland cement, or masonry cement,

=
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A full list of all radioisotopes shipped
for disposal is given in the Inter/Face re-
port. Obviously, it would not be prudent to
fabricate standards of all 47 nuclides
Tisted.
unequivocally into disposal class A per
10 CFR 61 are disregarded.
tion can be made in most instances based on

Hence, all radioisotopes falling
This classifica-

the small quantities disposed of. The re-
maining activities are 3H, 14C, 55Fe, 6OCo,
90Sr, 137Cs, and transuranics, and these com-
prise 98.68% of the total activity shipped.
At this time, there is no nondestructive
analytical technique capable of measuring 3H,
14C, and 55Fe in a sealed waste package.,
Therefore, standards should be fabricated
containing 60Co, 9OSr, 137Cs, and trans-
uranics at concentrations comparable to those
in actual commercial waste disposal packages.

A review of all the TRU waste assay tech-
nology developed at Los Alamos National Labo-
ratory has been completed. These assay meth-
ods and those developed in our laboratories
have been evaluated, and a decision has heen
reached on the appropriate technology for
adaptation to a general low-level waste pack-
age assay system. Details of this portion of
the recommended assay technology will be pre-
sented in the final report.

In addition, a document titled The Design

and Operation of Nondestructive Solid Waste

Measurement Systems at DNPDE has been ob-

tained from the United Kingdom Atomic Energy
Authority and has been reviewed to evaluate
the design of solid waste management systems
used in the United Kingdom to categorize
wastes for control purposes.

The final non-TRU assay technology evalua-
tion is also nearly completed, and the de-
tails of the entire radiological measurement
portion of the package assay system will be
given in the final report.
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4.4 MOBILITY OF ORGANIC COMPLEXES OF RADIO-
NUCLIDES IN SOILS (AR-05-15-15 - 81034)

The objective of this program is to de-
velop and employ standard procedures for
evaluating how and to what extent organic
complexants affect the mobility of low-level
waste radionuclides in soils,

Summary

Evidence has been obtained for the sorp-
tion by some soils of some organic complexant-
metal ion complexes themselves. In these
systems, therefore, the migration of the
undissociated complexes will not occur at the
same rate as the migration of water, as had
been assumed previously. Other results em-
phasized even more than previously that all
organic complexants should not be considered

equally troublesome in waste disposal.

Sorption of Complexes

Another mechanism of importance to radio-
nuclide migration, the sorption by soil of
the metal-complexant complex itself, has now
been observed in some systems. This observa-
tion means that, in these systems, migration
of the undissociated complex would not occur
at the same rate as the migration of water,
as had been assumed previously. This obéer-
vation is thus very important.

The primary evidence for this phenomenon
comes from the different rates of desorption
of the radionuclide from the soil by a com-
plexant solution when the radionuclide has
been sorbed by the soil in the presence or
absence of complexant. Data obtained in the
Ni/EDTA/ORNL soil system at an EDTA concen-
tration of 3.5 x 1076 M and a soil-to-
solution ratio of 0.033 g/mL will be used to

illustrate this evidence.




When nickel was sorbed onto the soil in
the absence of EDTA, and EDTA was then added
to the solution, <2% of the nickel was found
in so]ution after 4 and 32 days. When the
Ni-EDTA complex was allowed to form before
the soil was added, the percentage of nickel
remaining in solution dropped rapidly when
the soil was added and then remained appar-
ently constant for several weeks (32% of the
nickel was found after 4 days and 34% after
21 days).
solution was then removed and fresh EDTA
solution was added to the soil, the remaining
nickel distributed rapidly between the solu-

When most of the precomplexed

tion and the sofl to give the same result
(37% of the remaining nickel was found in
solution after 3 days and 31% after 11 days).
It is concluded that the rapid desorption in
the latter case wmust be due to the fact that
the sorbed nickel species is a Ni-EDTA com-
plex, rather than an uncomplexed nickel spe-
cies as was sorbed in the first case.

Sorption of complexed plant micronutrient
species by soils has been observed previously
{Norvell and Lindsay 1969; Norvell and Lindsay
1982), but no avidence for this effect with
radionuclides has been presented, The dis-
tribution coefficient for the Ni-EDTA complex
onto the Oak Ridge soil 1is about 60, which is
much higher than the coefficients of <1 cal-
culated for the Fe-EDTA and Ca-EDTA complexes
from the data presented by Norvell and
Lindsay (1982).

Additional evidence for the sorption of
Ni-EDTA complex species by the Oak Ridge soil
was obtained in two other ways. 1In one, the
distribution coefficient for nickel measured
in precomplexed-type experiments was found to
decrease by only a factor of 3 when the EDTA
concentration was increased by a factor of
100.
tion coefficient on complexant concentration

A much stronger dependence of distribu-

is expected (and observed in other systems)
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when the uncomplexed radionuclide is the
sorbed species. Another observation that
provided evidence for the sorption of Ni-EDTA
species was that the disappearance of 14C-'
labeled EDTA from solution was greater in the
presence of nickel than in its absence.

The sorption of complexed radionuciide
species observed here must represent a
pseudo-equilibrium situation; while the con-
centrations appear to remain stable over sav-
eral weeks, the fact that the same situation
is not achieved (in this time period) where
the radionuclide is sorbed before complexant
is added indicates that a true equilibrium
position has not been reached., The systems
where this sorption occurs thus appear to
provide other examples of slow dissociation
of the complexes into uncomplexed radionu-
clide and complexant.

Evidence for the sorption of complexed
species has also been obtained in the Co/
EDTA/ORNL soil system, and perhaps also in
the Ni/EDTA/Savannah River system. Study of
this important effect is continuing.

Other Results

Investigations in several other facets of
this problem have also yielded important
results. These are summarized below:

1. Experimental evidence was obtained to
demonstrate the rapid disappearance of
citrate from solutions contacting soils;
this disappearance had previously been
hypothesized.

The NTA complex of nickel dissociates more
rapidly in a Hanford soil/groundwater sys-
tem than do the EDTA, DTPA, or HEDTA com-
plexes. NTA-containing wastes would thus
appear to be less of a disposal problem
than those containing the other

complexants.
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3. Three commercial decontamination solutions
that had been used in decontamination
tests on the failed steam generator from -
the Surrey nuclear power plant exhibited
greatly different cobalt-retaining power
when the solutions were contacted with
soil., This provided added emphasis to the
earlier conclusion that all organic com-
plexants should not be considered equally
troublesome in waste disposal.
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4.5 GROUNDWATER TRANSPORT MODEL DOCUMENTA-
TION AND EVALUATION GUIDELINES
(AR-05-15-15 - 80635)

Thig program will dewelop standard guide-
lines for the documentation and evaluation of
groundwater transport models to be applied to
low-level waste management.

Summary

Guidelines are being developed to assist
potential users of groundwater transport
models in selecting appropriate computer
codes. Evaluation test cases in the form of
analytical solutions and experimental data
sets are being identified and recommended to
ensure adequate code selection, based on ac~
curate simulation of relevant fundamental
physical processes. Code selection depends

“on identification of the problem objectives,

the extent of collectible site-specific data,

and development of a conceptual model for the
specific hydrologic system. Model evaluation
takes into account certain technical issues
related to the limitations in modeling

capabilities.

Technical Progress

This program, which was originally di-
rected toward transport model documentation
guidelines, was recently redirected in
October 1982 to address instead model selec-
tion by a potential user. The new direction
is expected to better meet the modeling needs
of the Low-lLevel Waste Management Program.

A letter report (April 1983) on selection
of experimental data sets for use in model
evaluation discussed the project's new empha-
sis. That report pointed out that ground-
water transport model selection is primarily
a model development problem, depending ulti-
mately on the study objectives of a particu-
lar burial site analysis. A major purpose of
model selection guidelines will be to over-
come inherent limitations of a generic system
modeling approach, when applied to site-
specific problems. To select an appropriate
computer code, which is often incorrectly
thought of as the physical model, a user must
take the technical responsibility of actually
developing a conceptual model for the hydro-
logic system involved, The user's conceptual
model then guides the application of chosen
relevant groundwater flow and transport
codes. Such codes, once selected, are the
numerical implementation of relevant basic
equations deemed descriptive of fundamental
physical processes active at a shallow-land
burial site. To ensure that a correct con-
ceptual model is developed and adequate
associated codes are selected, a user must
test the completed systems model against




known physical behavior. The known system
behavior is expressed by various experimental
data sets depicting fundamental physical pro-
cesses acting in a hydrologic system. Some
specific data sets for that purpose were
therefore identified,

Before code selection can proceed, three
1) def-

inition of problem objectives, 2) collection

preliminary steps must be completed:

of all site-specific data, and 3) development
Identi-
fication of appropriate equations consistent

of a site-specific conceptual model.

with the conceptual model's complexity then
determiges the selection of codes. This is
in contrast to a generic systems model ap-
proach, for which the "model" is essentially
already locked into a code. Final code
selection is established by performing com-
parisons against analytical solution and
experimental test cases. Failure in this
evaluation may require modification of the
system conceptualization or possibly a search
for more adequate codes.

This study has found that aquifer (satu-
rated zone) and unsaturated zone test cases
call for different approaches as a result of
having arrived at differing levels of concep-
tual physical complexity. In particular,
aquifer modeling follows well established
theory not requiring repeated validation,
Unsaturated zone modeling, however, includes
many incompletely understood phenomena that
must be simulated in detail.

A central thesis of the proposed guide-

lines is that adequate evaluation test cases,
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based on both analytical solution and experi-
mental data, must take into account current
technical issues on groundwater transport
modeling, Those issues express limitations
on the current physical theories and modeling
capabilities (i.e., numerical methods). Only
by keeping those issues in mind can a user
validly assess the predictive accuracy of a
model and establish credibility in its
application.

Many issues first raised in an August 1982
letter report were further discussed with re-
gard to experimental results identified in
the April 1983 report.

problems of field-scale macrodispersion and

For example, the

solute migration during unsaturated infiltra-
tion were given special emphasis. Those two
technical issues are not easily overcome and
demand different modeling approaches, depend-
New think-
ing on these issues calls for a stochastic
Such

an approach reflects the important infiuences

ing on the simulation objectives.

approach in many cases, for instance.

of field heterogeneity.

To provide a better reference case for
estimating infiltration, a new program called
INFIL1D was developed for one-dimensional,
constant surface flux conditions. The issue
of scale-dependent dispersion, for which dis-
persivity (spreading) increases with solute
travel distance, was addressed by preparing
the 3-0 CFB Borden Landfill tracer experiment
as a test case, That experimental data
demonstrates the unexpected solute dispersal
behavior that can occur even in an apparently

homogeneous hydrologic system.



5.0 REMEDIAL ACTION

The objective of the Remedial Action Program at PNL is to support the
Department of Energy’s Uranium Mill Tailings Remedial Action (UMTRA)
Project. The aim of UMTRA is to provide remedial actions at 25 inactive
uranium mill sites, and associated contaminated vicinity sites, to stabilize and
control the tailings to the extent that radiological and nonradiological hazards
from them do not exceed EPA standards for the protection of the public
health, safety, and the environment.
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5.1 RADON BARRIER SYSTEMS FOR URANIUM
MILL TAILINGS (AH-10-15 - 80379)

The overall objective of this program is
to develop radon barrier systems that will
meet Environmental Protection Agency stan-
dards, minimize the use of remedial actiom,
and remain stable for a very long period, in-
cluding development of supporting technology
and engineering specifications.

Summary

e Radon diffusion coefficients as a function
of soil moisture saturation can be pre-
dicted for typical soil cover materials
within a factor of two. For well graded
soils and soils subjected to high compac-
tion, additional work is needed to deter-
mine radon diffusion coefficients.

® Measurements on 20 offsite soils adjacent
to UMTRAP sites indicate that soils con-
taining less than 30% clay and tested at
expected field moisture and compaction
conditions will retain limited amounts of
water (0.4 saturation ratio) on an average
annual basis.

e Detailed unsaturated flow modeling pre-
dicts cover moisture contents for long-
term periods based on climatic variables,
water-retention characteristics of cover
material, and estimated plant-cover char-

acteristics. Model predictions generally

J. N. Hartley and J. L. Buelt

G. Baker, S. M. Barnes, P. A, Beedlow,
. Freeman, T. E. Gates, G. W. Gee,

R. Kirkham, K. K. Nielson,

C. Rogers, S. Tyler

agree with measured soil cover moistures
at the Grand Junction test site.

In some cases, simplified calculations us-
ing a climatic index can be used to make
reasonable estimates of expected soil
moisture values.

Based on calculations of expected tailings
pile settlement, it was concluded that the
asphalt seal should remain intact for a
very long time.

Rock covers used to stabilize radon covers
dramatically decrease the loss of water
from soil covers. However, the use of
rock covers in addition to vegetation may
enhance establishment of the vegetation
and not increase the water content of the
soil.

The Grand Junction field test site was
visited in October. Measurements of radon
flux, soil moisture and density, and radon
concentration profiles in the columns were
completed.

A1l radon barrier systems except the un-
compacted adobe clay earthen cover reduced
the radon flux below the EPA standard of
20 pCi/mP.s.

Radon flux measurement systems using
various configurations were compared and
calibrated using the Bendix "thin"

source. Excellent agreement was obtained
between the measured and theoretical radon
fluxes using the PNL flow-through system.
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Earthen Covers

Radon Diffusion in Soils

The present status of radon diffusion in-
formation is summarized in Figure 5.1, where
nearly 100 diffusion coefficient measurements
are represented. The measurements were made
using 20 western soils at various moistures
and compactions. The curve represents a
best-fit correlation with the data. For val-
ues of moisture saturation, m equal to 0.4
the correlation gives a radon diffusion co-
efficient, D of 0.018 cm?/s, assuming a po-
rosity of 0.4. For sites with these condi-
tions, to meet a 20 pCi m'zs'1 radon flux
standard the expected cover thicknesses range
from 1.4 to 2.4 m (4.6 ft to 7.9 ft) for
tailings whose bare-surface radon flux levels
range from 100 to 300 pCi m=2s=l. 1 a value
of 0.2 is used for m, then the correlation
gives a D of 0.036 cmz/s, for a porosity of
0.4. This value is about one-third of D for
air. A cover thickness of 2.5 m (8.2 ft)

results from using this D with a bare flux of

100 pCi/mzs. However, in preparing the sam-
ples for the data in Figure 5.1, very little
effort was expended in obtaining a good com-
paction or in using soils with favorable
characteristics such as wide particle size
distribution. Even so, it is observed that
there are data points for D less than

0.01 cmz/s with m as low as 9.2. Preliminary
evidence suggests that increasing the compac-
tion to at least 85% of Proctor results in an
overall reduction in D of about 1.5 for well-
graded soils.

Long-Term Equilibrium Moisture

The extreme sensitivity of the radon dif-
fusion coefficient to moisture content dic-
tates that the major factors controlling
moisture content in soil must be considered
in predicting radon attenuation capacities
of earthen cover systems. The two major fac-
tors that must be accounted for are climatic
moisture controls and soil property controls.
The seasonal variations in moisture content
due to climatic factors (precipitation,
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evaporation, plant-water extraction) gener-
ally dictate the expected long-term cover
water contents.

A1l but two UMTRAP sites (Canonsburg,
Pennsylvania, and Falls City, Texas) can be
grouped into three general regions based on
climate and geography: the Colorado Plateau,
the West Slope of the Rocky Mountains, and
the Northern Great Plains.

The Colorado Plateau sites (Grand Junc-
tion, Green River, Tuba City, Shiprock,
Monument Valley, Mexican Hat, Slick Rock,
Ambrosia Lake) have annual precipitation
ranging from 15 cm at Monument Valley,
Arizona, and Shiprock, New Mexico, to 28 cm
at Slick Rock, Colorado.
events varies considerably at these sites,

Frequency of rain

but summers are hot and precipitation is
sufficiently low that plant cover is rela-
tively sparse, with water being the major
limiting factor for growth. It is expected
that soils there become so dry that plants
wilt throughout the root zone during much of
the year and that estimates of average water
contents could be made by determining the
soil water contents at plant wilting (typ-
jcally estimated by a laboratory measurement
of the water retained in soil at 15 bars
applied pressure). Field measurements made
in September-October 1982 at Grand Junction,
Shiprock and Monticello yielded water con-
tents of 0.24, 0.14 and 0.18, respectively.
Laboratory measurements on these samples
yielded moisture saturations at 15 bars of
0.34, 0.14, 0,26,

The West Slope sites (Gunnison, Durango,
Rifle, Naturita, Maybell, Salt Lake, Lakeview
and Lowman) generally have moderate precipi-
tation, ranging from 28 cm at Gunnison and
Rifle to 57 cm at Lowman. No general con-
clusions can be made about the climate at

these sites except that evaporation condi-
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tions are sufficiently severe at most that
plant-water removal depletes the root zone to
wilting conditions at least during the summer
months. The water contents at these sites
are expected to range between a field capac-
ity and wilting point that can be estimated
for most soil types to lie between the water
contents held at 0.3 bar and 15 bar applied
pressure.

Similar general statements can be made for
the Northern Great Plains sites (Riverton,
Spook, Bowman and Belfield). It is antici-
pated that most available cover materials
will have sufficient clay content that the
water contents held at 0.3 bar applied pres-
sure would approximate the upper limit of
stored water and that the lower limit would
be equal to or less than the water held at
15 bars applied pressure. Field measurements
in October 1982 at Riverton yielded an m of
0.45,

ment at 15 bars yielded a value of 0.24

The corresponding laboratory measure-

for m.

A single set of observations of moisture
content in a cover for a given time provides
only a very limited basis for determining the
long-term moisture content, which will ulti-
mately control radon diffusion. Moisture
content in cover soils varies in time; hence,
a comprehensive analysis requires extensive
repeated sets of measurements of water con-
tent over a period of years.

Computer modeling provides a useful tool
for predicting water movement and storage in
soils. Input for a detailed simulation re-
quires climatic variables (precipitation,
temperature, humidity) as well as plant
extraction factors and soil hydraulic
properties.

Simulation of water withdrawal by plants
in the top 1.0 m of a soil cover using the

UNSAT water flow simulation demonstrated that




plants could significantly affect the mois-
ture saturation level throughout the root
zone. Simulations of over 5 years of cli-
matic variations at Grand Junction indicate
that soils can dry to saturation levels of
less than 0.3 to depths exceeding 1 m. Field
data from the 1981 earthen cover test site at
Grand Junction substantiate the UNSAT model
simulations and further indicate that dry
soil placed uncompacted on the pile exhibits
little moisture content change with depth
(except at the surface). It should be noted
that for the 1981 field test, the earthen
cover plots were nearly bare of vegetation,
and hence are not an ultimate test for the
maximum soil drying expected at this site,

As part of the present Technology Devel-
opment Program, PNL and Rogers Associates
Engineering (RAE) are jointly developing
semi-empirical engineering techniques for
estimating 1oﬁg-term soil moistures at UMTRAP
sites. Preliminary efforts have been re-
ported previously. They were based upon over
400 soil samples obtained from undisturbed
soils at uranium mining regions in the West-
ern United States. The simple correlation
gives long-term soil moistures ranging from
m= 0,2 to 0.6,

Extension of this work has led to develop-
ment of an Aridity Index, which is a slight
modification of the Thornthwaite Moisture
Index. The Aridity Index is the potential
evaporation (PE) minus the precipitation (P)
times the fractional PE (i.e., PE/100).

The Aridity Index is used in relation to
soil texture to estimate the water content of
the cover. Soil textural relationships (per-
cent clay content) can aid in estimating
expected Tong-term moisture contents, The
relationships can be based on typical water

retention-textural characteristics similar to
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those described in soil literature. Based on
preliminary estimations, the relationship
indicates that for sites whose Aridity Index
is above 15 the moisture saturation will be
below 0.4 for all but soils of very high clay
content. Table 5.1 shows that six of the
nine high-priority UMTRAP sites have Aridity
Indices above 15; thus, their expected long-
term values for m will be below 0.4. - Al-
though these relationships will probably be
modified somewhat by compaction, specific
clay types and plant cover, a general rela-
tionship of this nature appears to be a use-
ful way to estimate expected radon diffusion
Additional
work will be needed to determine whether wide

coefficients for cover soils.
ranges in particle size distribution, i.e.,
large geometric standard deviations (GSDs),

will modify the expected relationships.

Long-Term Earthen Cover Stability

Consideration was given to the expected
settiement of a tailings pile resulting from
the addition of a 3 ft-thick earthen cover.
In the UMTRAP Technology Development Report

to the TAC (Technical Assistance Contractor),

July 1982, Colorado State University (CSU)
had provided calculations for the predicted
settlement of a theoretical tailings pile
(Appendix A). The calculations had assumed a
40 ft-deep impoundment, and a unit weight,

T ® 125 pcf, for the 10 ft-thick earthen
cover, The tailings were composed of 60%
sands and 40% slimes. Settlement resulting
from adding the 10-ft cover was 9 in., and an
additional 8 in. resulted from drainage of
the pile. Adjusting the parameters for a
3-ft cover with a unit weight of Yo =

100 pcf, C. F. Voss had calculated a total

settlement of 10.5 in.

-
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TABLE 5,1, UMTRAP High-Priority Site Climatic Indices

P (PE)
Annual Potential
Precipitation, Evaporation, Aridity Index,
Site cm cm (PE-P)({PE/100)
Colorado
Durango 47 58 +6
Grand Junction 21 74 +39
Gunnison 28 55 +15
Rifle (1 & 2) 28 63 +22
New Mexico
Shiprock 15 62 +29
Pennsylvania
Canonsburg 93 51 0
Utah
Salt Lake City 38 71 +23
Wyoming
Riverton 22 57 +20

Through related work this past summer, it
was shown that the settlement predicted by
CSU was incorrect; hence, this error would
also hold for the settlement calculated by
C. F. Voss. Using the simplified unsaturated
consolidated approach previously verified,
CSU and PNL assumptions and results were com-
pared as shown in Table 5.2

These significant variations between re-
sults derive from the following:

1. Ysing the formulation previously devel-
oped, it is shown that H should be the
total pile depth. An underestimate of the
expected settlement by 50% would result if
H is inadvertently used as one-half the
pile depth. In addition, if the time rate
of settlement of the tailings pile com--
posed of slimes/clays is of concern, the
number of drainage faces is the most im-
portant condition influencing the settle-
ment. If the pore water is freely flowing
from both the upper and Tower faces of the

pile, the maximum drainage distance is
one-half the thickness of the layer.
However, utilizing underdrains and a cover
on the pile, the maximum distance which
pore water must flow is equal to the
thickness of the layer. Hence, H should
be the total pile depth.

Without differing material properties
between layers, which would then require
the summing of settlements, a layering
approach should not be used. Mathemat-
ically, this is substantiated since the
sum of the logs does not equal the log of
the sum. Settlement due to the cover load
varies significantly, depending on the
approach taken.

Since the tailings are drained, a more re-
alistic assumption is to assume that the
average pore water pressure (”a'“w) is
somewhat greater than the average water
pressure in a pile whose base is at the
water table. This is substantiated by the




TABLE 5.2.
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Comparison of Tailings Pile Settlement Calculations Made by CSU and PNL

Assumptions Results, in.
Settlement CSu PNL CSU PNL
Case 1: 60% Sands/40% Slimes
Cover load 2 Layers 1 Layer 9 5
Depth of pile - 40 ft H=20 ft H = 40 ft
Cover thickness - 10 ft Drainage (”a'“w)o =1 psi (ua-uw)0 = 16 psi 8 1.8
Total 17 6.8
Case 2: 100% Slimes
Cover load 2 lLayers 1 Layer 21 6.9
Depth of pile - 40 ft H =20 ft H =40 ft
Cover thickness - 10 ft Drainage (uy=1y)o = 1 psi (ua-uw)0 = 16 psi 32 6.5
Total 53 13.4

test data used by CSU.
pore water pressure is more than 8 to

For tailings whose

10 psi, consolidation due to drainage is
very slight (Sherry 1982),
pressure of all drained tailings probably

The pore water

exceeds 10 psi except at the Vitro site at

Salt Lake City, where a permanent shallow

water table persists in the pile.

Ysing the consolidation equation previ-
ously verified, expected settlement for a
3-ft cover, unit weight Y = 125 pcf, will be
2.3 din.
100 pcf is used, the expected settlement will

If a cover unit weight of vy, =

be 2.0 in., a significant difference from the
10.5 in. previously reported.

Asphalt Zovers

Formulation Analysis

The purpose of this task is to develop and
test site-specific asphalt/aggregate formula-
tions for five high-priority sites--Grand
Junction, Salt Lake City, Durango, Rifle and

Riverton. An RFP was issued for the formula-
tion work, and a subcontract was issued to
Petroleum Sciences, Inc., of Spokane, Wash-
ington. Samples of typical aggregates were
obtained from the five sites. Asphalt emul-
sions were obtained by Petroleum Sciences
from suppliers near the sites.

Petroleum Sciences is currently testing
various asphalt/aggregate formulations for
each site to see if they meet specifications
developed by PNL in FY 1982, PNL will later
evaluate the effectiveness (radon diffusion

coefficient) of each site-specific admix.

Long-Term Asphalt Stability

With the literature review completed, a
final draft report on the physical stability
of the asphalt admix seal is being written.
Considering the work performed by the Uni-
versity of New Mexico and PNL, along with the
settlement calculations (2.0-2.3 in.), the
asphalt admix seal would be expected to per-
form adequately as designed.,
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Long-Term Stabilization

Revegetation and Rock Covers

The objective of this task is to establish
guidelines to aid in designing surface sta-
bilization systems that include rock and
vegetation covers. Research has centered on
1) evaluating the interactions between vege-
tation and radon/biological barriers, 2) de-
termining the effects of surface covers on
soil moisture, and 3) examining the effects
of rock covers on vegetation establishment
and growth,

The first two quarters of FY 1983 have
been spent analyzing data collected during
the 1982 growing season. Preliminary results
of a study conducted at the San Juan Mine in
Northwest New Mexico will be described along
with a summary of a lysimeter study conducted
at Hanford.

The test plot constructed at the San Juan
Mine was designed to provide information on
the interaction between rock covers and vege-
tation and on the effects surface covers have
on soil moisture.

Preliminary results suggest that rock cov-
ers favor the establishment of shrubs and
forbs in contrast to soil-only treatments,
which favor grass establishment. This sug-
gests that when rock covers are applied to
tailings, vegetation consisting of deep-
rooted shrubs and forbs can be expected to
become established. If shallow-rooted
grasses are desired, good-quality soil free
of stones should be emplaced. No differences
in soil moisture were observed between vege-
tation and vegetation plus rock treatments.

Lysimeter Study

Simulations of moisture movement through
tailings and cover layers (Mayer et al. 1981)
suggest that different surface covers lead to
different degrees of moisture retention in
the covered tailings pile. Evapotranspira-
tion from a vegetated cover in semiarid areas
can result in a relatively stable moisture
content. A rock cover may increase the mois-
ture content of the tailings pile by signifi-
cantly reducing evaporation. The purpose of
this study was to examine the effects of sur-
face covers on soil water loss., Water loss
from lysimeters covered with various types
and amounts of rock, vegetation, and rock
plus vegetation was compared to loss from
bare soil,

Rock size and application rate had little
effect on soil water loss. However, vegeta-
tion significantly increased water loss rela-
tive to bare soil and rock-only cover treat-
ments (Figure 5.2), Vegetation-plus-rock
treatments resulted in water loss similar to
vegetation-only treatments. Rock covers
without vegetation dramatically reduced water
loss.

The results of this study support the
findings of simulation studies on the effects
of rock and vegetative covers on uranium mill
tailings (Mayer et al. 1981). Rock covers
reduce soil water loss dramatically and could
lead to water accumulation and drainage from
a waste burial/uranium tailings site,

Rock covers that are revegetated appear to
facilitate similar rates of water loss as
vegetation covers. Radon barriers (covers)
covered with a rock-plus-vegetation cover are
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FIGURE 5,2, Effects of Vegetation and Rock Covers on Moisture Loss from Soil

not likely to lead to moisture accumulation
higher than that on the surrounding soil un-
less a water catchment structure is created
in the cover.

The implication to management of uranium
tailings sites is that in areas where vegeta-
tion is too sparse (extremely arid regions)
to stabilize the cover material, combinations
of rock plus vegetation will provide addi-
tional erosion protection while preventing
moisture accumulation. In some areas rock
covers may enhance vegetation establishment
and growth. The rough surface of the rock
cover may benefit seed germination by pro-
viding favorable microsites for seeds. Rock
covers will reduce evaporation and conse-
quently more water will be available for
plant growth.

Field Test Monitoring

Site Visits and Monitoring

The Grand Junction field site was visited
during October 18-19, 1982, Activities in-
cluded measurement of radon fluxes, collec-
tion of surface and subsurface soil samples

for moisture and bulk-density determinations,
neutron and density probe calibration and
measurement of radon concentrations in the
test columns., Field moisture and density
measurements were made using neutron and
gamma downwell probes. Site construction
consisted of installing two phone lines into
the access column, one of which is currently
hooked to the CR5 datalogger. Soil tempera-
ture and moisture data are accessed from
Richland via the phone lines.

Radon flux measurements were made on the
15-cm gel mix plot, half of the asphalt test
points, and all of the earthen cover test
points. Results are summarized in Table 5.3.

A11 of the earthen covers show an increase
in radon flux over measurements taken in July
1982, This increase is thought to be due to
advective'transport of radon by water in the
top layer of soil, which is more moist in
October than in July. The asphalt emulsion
barrier shows a net decrease in flux during
October, which is attributed to the fact that
only half of the area was monitored. The
asphalt area next to the multilayer barrier,
which in the past has had the highest flux
values, was not monitored during this trip.
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TABLE 5.3. Average Radon Flux from FY 1981
Field Test Site - October 1982
Average
October 1982 Change
Radon Fluxes, From July
Radon Barrier pCi m 251 1982, %
Mancos shale 1.7 £ 1.2 +240
Bentonite clay 11.3 ¢ 7.2 +71
Compacted adobe 9.8 + 5.4 +172
Adobe 28.4 t 18.3 +255
Asphalt emulsion 0.9 £+ 1.5 -40
Multilayer 15-m 6.0 £ 5.6 0

gel mix

Therefore the average flux values were lower
The column tests were also
Radon

during October,
monitored during the October trip.
flux measurements were made over 12-hr peri-
ods, and the results are shown in Table 5.4.
Neutron probe calibrations were completed,
and data from cotumn tests and field plots
were analyzed. Moisture profile data were
prepared for the field test topical report.
The data indicate that moisture content
changes with time at the field site have been
minor except in the top 1 m of cover., Only a
slow rate of water movement is apparent in
the wetted, compacted soil placed at depth
(below 1.8 m) in three of the four earthen
cover treatments. Since there is little

TABLE 5.4. Average Radon Fiux from
Column Tests - October 1982

October 1982
Avg. Radog F}ux,

Column pCi m™ s
EC1 Mancos shale 19.1 + 7.7
EC2 bentonite clay 15.6 t 8.4
EC3 compacted adobe 33.8 + 10.8
EC4 adobe 40.3 + 8.6
Ml multilayer 4.6 £+ 1.4
M2 multilayer 6.4 £ 6.5
A asphalt emulsion 1.6 + 0.1

vegetation cover on the plots, it is expected
that several years will elapse before sig-
nificant drying occurs in the lower layers,
primarily because of the very low hydraulic
conductivity of the overlying dry adobe clay
and the relatively low conductivity of the
compacted layers,

Calibration of Radon Flux Measurement

Systems

During the site visit to Grand Junction in
October 1982, an opportunity arose to cali-
brate the radon flux measurement systems.
Bendix Field Engineering Corporation had con-
structed a thin layer of uniformly mixed
tailings in a 6-ft-dia tub. Since the source
was very thin (~6 cm), it could be assumed
that all the radon escaping the tailings par-
ticles would diffuse to the surface of the
tailings. Therefore, using the radium con-
tent emanating power, depth, and bulk density
of the tailings, a theoretical radon flux
could be calculated. This theoretical flux
could be compared with the measured flux to
obtain a reasonably accurate calibration of

the measurement system., The tailings param-
eters measured by Bendix were 837 pCi/g of

226Ra, emanating power of 0,19, and bulk den-
sity of 1.51 g/cm”., Using the thin source

model, the radon flux from the tub averaged
26.8 pCi m2s1,

A number of calibration measurements were
made using a variety of configurations of
activated carbon canisters in addition to the
PNL flow-through system. The calibration
measurements were made by placing the mea-
surement system on the tailings in the tub,
exposing the canister or tent for a specified
period, and then counting the activated car-
bon with a gamma spectroscopy system to de-

termine the measured flux, The depth of the




tailings was measured at each point since a
1- or 2-cm change in depth of the tailings
would result in a 20 to 40% change in radon
flux. .
The activated carbon canisters are made of
sections of 10-cm {4 in.) and 38-cm (15 in.)

PVC pipe. The covered canisters are the
standard systems with a PVC end cap that has
a 0,6-cm hole drilled in the top.

The results of the calibration measure-
ments are shown in Figures 5.3 and 5.4. From
these figures it can be seen that the radon
flux as measured by activated carbon canister
depends on the amount of carbon used, the
tength of the measurement, and the area of
the exposed top of the canister. The open-
ended activated carbon canisters showed a
very interesting trend. For exposure times
of 8 hr or less, the measured radon flux ex-
ceeded the calculated flux. As the exposure

times increasad, the radon flux generally
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decreased, depending on the quantity of car-
bon used in the canisters. Figure 5.3 shows
the ratio of the measured flux divided by the
calculated theoretical flux versus time for a
series of charcoal densities in 8.9-cm-dia
canisters, The general trends indicated by
this figure show that higher carbon densities
Furthermore, longer
These

However, since

result in higher fluxes.
exposure times result in Tower fluxes.
relationships can be deduced.
activated carbon actually acts as a delay bed
rather than a permanent collector, there are
no data to explain why a 7-hr exposure would
result in higher than theoretical fluxes. An
in-depth study considering meteorological
changes is needed to better understand this
phenomenon,

The large (0.107 m2) activated carbon
canisters show the same general trends as the

small ones (Figure 5.4). Longer exposure
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times result in lower measured fluxes. Short
exposure times also resulted in greater than
theoretical fluxes.

In addition to charcoal density, the
effect of the air gap beatween the charcoal
and tailings and the area of the top exposed
to atmosphere was investigated. The air gap
seemed to make no significant difference in
the measured f]ﬁx. The slight differences
seen between measurements made with a 2.5-cm
air gap and a 7.5-cm air gap can be attrib-
uted to measurement error (i.e., counting
statistics, tailings depth, 226Ra content,
and emanating power measurements)., There-
fore, it is concluded that for radon flux
measurements of 16 hr or less, the air gap of
the canister is not a significant factor in
the resultant flux value,

The PNL flow-through system was also cali-
brated on the Bendix tailings source; mea-
surements of 7-, 8-, and 16-hr duration were

Effect of Time on Efficiency of 15-in. Charcoal Canisters and PNL

made. Results of these measurements are also

shown in Figure 5.4, Excellent agreement
between the measured and theoretical fluxes
was obtained for the 7- and 8-hr measure-
ments. The measured flux appeared to drop to
93% of theoretical after 16 hr, but more mea-
surements are needed to confirm this drop.
From these measurements it appears that the
PNL flow-through system is a reasonable
method for measuring radon flux. Additional
measurements under a variety of conditions
are still needed to'prove its accuracy in
field measurements.

Although these calibration tests indicate
that various radon flux measurement tech-
niques can be used to obtain a reasonable
estimate of radon flux, caution must be exer-
cised in the length of exposure time of the
charcoal in the canister. An in-depth study
of the effects of meteorological conditions
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as well as time on the response of measure-
ment systems to radon fluxes should be car-
ried out to obtain optimized conditions for
radon flux measurements,

Engineering Specifications

Material and Application Specifications

The final goal of this task is a report
summarizing the technology for asphalt radon
barrier systems. The report will review la-
boratory and field tests results and will in-
clude materials specifications, application
procedures, and cost estimates. A draft of
the report is essentially complete except for
ongoing work, Materials specifications and
application procedures are complete except
for site-specific asphalt/aggregate formula-
tions and the optimum delay and moisture con-
tent for compacting the admix. These are
part of Petroleum Sciences' subcontract to be
completed by July.

A paper entitled "Cost and Effectiveness
of Radon Barrier Systems" was presented at
the Fifth Symposium on Uranium Mill Tailings
Management in Fort Collins, Colorado, on
December 9-10, 1982,
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5.2 LINER EVALUATION FOR URANIUM MILL
TAILINGS (AH-05-15 - 80395)

The objective of this program is to
evaluate the effectiveness of prospective
lining materials for preventing moisture
transport of radionuclides and hazardous
chemicals from uranium mill tailings over
long-term periods.

Summary

The primary emphasis of the activities for
the reporting period was on completion of the
exposure tests for the final series of as-
phalt liner samples and analysis of the liner
samples from the two series of exposure
tests. Results show that the imposed expo-
sure conditions were successful in noticeably
accelerating the aging reactions of the
0.7-cm-thick liner material. 1In addition,
preparations have been completed for estab-
lishing a subcontract to excavate the liners
installed in the field. Results of the clay
and soil interaction studies performed in
FY 1982 were presented by Relyea (1982) at
the Uranium Mill Tailings Management Sym-
posium in Fort Collins, Colorado. Also pre-
sented at the symposium were the test and
analytical procedures of the asphalt aging
studies by Barnes (1982). The decision-tree
report (Relyea 1983), which describes a sys-
tematic approach for determining the need for
and the type of liner at an inactive tailings
site, was published in March.

Asphalt Aging Studies

The exposure period for the final series

of catalytically airblown aspha]t (CAA) lin-

ers was completed this last quarter. The



permeability performance of these liners was
very close to that observed for the previous
series of tests. The average permeability
from the most recent series of tests com-
pleted in October 1982 was ~2 x 10710 cm/sec
as compared with 6 x 10-10 cm/sec from the
previous set. This similarity in perme-
ability coefficients observed during the
accelerated aging tests indicates that a
catalytically airblown asphalt membrane will
exhibit very stable long-term permeability
properties. However, because these liners
under various exposure conditions have ex-
hibited nearly identical permeability behav-
jor, another method was used to determine the
extent of aging.

To quantify the expected performance life-
time of the asphalt liner, the infrared (IR)
absorption data from the two series of aged
catalytically airblown asphalt samples have
been collected and compiled. A preliminary
examination of the data showed increasing

carbonyl concentrations with depth into the

liner to varying degrees. Since carbonyl
concentrations are expected to indicate the
extent of aging, the increasing concentration
with depth could be explained by dissolution
of the carbonyls into the acidic leachate
after they form. Figure 5.5 is a logarithmic
plot of the relative carbonyl concentrations
with penetration into the liner for the same
oxygen concentration and temperature condi-
tions but different acidity levels. Near the
surface the liner exposed to the lower pH
solution appears to have had more of the
carbonyl-containing (or oxidized) components
of the asphalt leached out.

This conclusion is supported by the pres-
ence of an organic film on the surface of the
simulated leachate and patches of darkly
colored simulated tailings in the exposure
columns. Moreover, the oxidized asphalt
molecules would be expected to exhihit polar
properties and therefore would become in-
creasingly soluble in increasingly polar

solvents. Because the pH of the simulated
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leachate has been controlled by using sul-
furic acid, a very polar solvent, increas-
ingly acidic (lower pH) solution would be
expected to extract more of the oxidized
asphalt from the liner, as has been observed.
It is also important to note that the oxi-
dized asphalt leaching observed occurs only
in the first ~20 un of the liner. Therefore
this phenomenon is not expected to adversely
affect the long-tefm liner performance.
Beyond the 20-um depth, increased tempera-
ture and concentrations of oxygen were suc-
cessful in accelerating the rate of carbonyl
formation, Figure 5.6 is a plot of four
liner samples exposed to ambient and accel-
erated (low/high) temperatures and oxygen
concentrations. The notable difference in
concentration of reaction products will be

used to determine the rate of

= k(T) - Cop"
where: r = reaction rate
k(T) = temperature-dependent reaction
rate constant
Cop = concentration of oxygen, and
n = order of reaction,

By examining the rate of diffusion into the
liner and defining the unknowns in this equa-
tion from the empirical data collected in
these studies, an estimated lifetime of the
asphalt liner up to 1000 years can be pre-
dicted.
issued in a technical report next quarter.

The results of these studies will be

Field Studies

Preparations for next quarter's field ac-
tivities have been completed. A subcontract
has tentatively been established for the ex-
cavation activities. Planned sampling and
analytical activities are as follows:

® repair failed moisture extraction cups for
future sampling (if desired)
® obtain three asphalt liner samples for
aging analysis
e obtain five clay liner cores for perme-
ability determinations and for chemical
and gamma-scan analysis
® cover tailings-filled pit, after sampling,
with clean overburden.
Analytical results will be published in the
final report to be issued at the end of

FY 1983.
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6.0 SUPPORTING STUDIES
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6.1 HANFORD DEFENSE WASTE STUDIES DEVELOP-
MENT OF ENGINEERING AND ENVIRONMENTAL
INFORMATION (AR-05-10-02X - 80381)

The objective is to assist DOE-RL in the
development and assessment of methodologies
for the disposal of extisting and future
Hanford radioactive defense wastes.

Progress During Reporting Period

Activities during the reporting period
were as follows:

e preparation of engineering and environ-
mental analyses required in the prepara-
tion of the draft EIS for disposal of
certain Hanford defense wastes

e preparation of support documentation.

Preparation of Engineering and Environmental
Analyses (E&EA)

The Draft Working Paper Engineering and

Environmental Analysis Report for Disposal of

. Bierman, M. J. Budden, L. L. Burger, J. R. Friley,
. McClanahan, G. W. McNair, I. C. Nelson, J. V. Robinson

R
D
L. Clark, R. M. Fleischman, C. A. Geffen, E. N. Greenwell,
M. Lytle, R, W. McKee, R. W. Moss, J. G. Stephan

capsules. Currently stored HLW and TRU and
future HLW wastes to be generated by PUREX
fuel reprocessing plant operations were con-
sidered., Chemical hazards associated with
radioactive wastes were qualitatively
assessed.

Socioeconomic data, resource commitments
and costs associated with disposal of the
defense wastes were identified for the period
during which disposal operations would occur.
Environmental assessments were also made for
the post-disposal period.

Environmental analyses include air qual-
ity, water quality and use, land use, radio-
Togical dose to workers and the general pub-
lic, nonradiological safety impacts, cost
impacts, and socioeconomic impacts that may
be associated with disposal options to be
considered in the Hanford Defense Waste DEIS.

Support Documentation

Hanford High-Level and Transuranic Wastes was

submitted to DOE-RL, as scheduled on Decem-
ber 6, 1982, DOE-RL subsequently reviewed
the draft and provided written comments on
January 17, 1983. A copy of the draft report
was also forwarded by DOE-RL to DOE-HQ to
provide information on the thrust and scope
of the environmental analyses.

HLW and TRU radioactive wastes analyzed
include buried solid wastes (TRU), liquid
wastes, tank wastes, and cesium and strontium

Several working sessions were held between
PNL and Rockwell Hanford Operations Staff
following the review of the draft E&EA re-
port. PNL requested that Rockwell finalize
its engineering support documentation that is
required to perform environmental analyses.
Subsequent working sessions held between
DOE-RL, PNL, and Rockwell resulted in changes
to the scope of the environmental analyses.
Completion of Rockwell's supporting documen-
tation was subsequently postponed until
changes in scope are further defined.




Future Activities

Environmental analyses will be conducted
based on support documentation to be prepared
by Rockwell. Rockwell will finalize support
documentation after appropriate PNL review
and comment. The resulting data will be used
in the assessment of environmental impacts
for the Hanford Defense Waste EIS.

6.2 HANFORD DEFENSE WASTE STUDIES - PREPARA-

action). Completion of the draft EIS is
tentatively scheduled for the end of 1983.

Review of Draft Waste Management Plans and

TION OF AN ENVIRONMENTAL IMPACT STATE-
MENT FOR DISPOSAL OF HANFORD DEFENSE
WASTES (AR-05-10-02X - 80754)

The objective is to assist DOE-RL in the
preparation of a Draft and Final Environmen-
tal Impact Statement for the disposal of
high-level and TRU defense waste stored at
Hanford.

Activities During the Reporting Period

Activities were as follows:

e preparation of the Notice of Intent (NOI)

e review of draft regulations

e participation in working sessions with
DOE-RL to define the scope of the draft
EIS

e interim schedule preparation.

Preparation of the Notice of Intent

Assistance was provided to DOE-RL in fin-
alizing the draft Notice of Intent to an-
nounce preparation of the draft EIS in the
Federal Register, Publication of the NOI is
scheduled for April 1, 1983, Ailternatives
described in the draft NOI are 1) geologic
disposal (the reference disposal for im-
mobilized high-level waste); 2) onsite
stabilization and isolation with engineered
barriers; and 3) continued storage (no

Draft Regulations

A concentrated effort during this report-
ing period focused on the review of 40 CFR
191 as well as the Environmental Protection
Agency's Draft Regulatory Impact Analysis
(EPA 520/1-82-024) and Draft Environmental
Impact Statement for 40 CFR 191 (EPA 520/
1-82-025). Other draft documents reviewed
were: The Defense Waste Management Plan
(February 1983) and Draft DOE Order 5820 -
Radioactive Waste Management. Written inputs

were prepared for DOE-RL's review. The pur-
pose of the review was to determine potential
impacts of the draft regulations to the dis-
posal of Hanford defense waste sites and
preparation of the draft EIS.

DOE-RL/PNL/RHO/Working Sessions

PNL participated, with Rockwell Hanford
Operations staff, in intensive work sessions
held by DOE-RL to further define the scope of
the Draft Hanford Defense Waste EIS,

Interim Schedule

An interim schedule was drafted for prep-
aration of the draft EIS. This schedule
assumes that the NOI will be published in
April 1983.

Future Activities

Draft chapters for the DEIS will be pre-
pared and submitted to DOE-RL for review
planned to begin in May 1983,
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WASTE MANAGEMENT SYSTEM STUDIES
(AP-05-20-10 - 80219)

6.3.

Decision-making in the selection, develop-
ment, and implementation of waste managsment
systems and technologies requires supporting
analyses and independent assessments of al-
termatives to provide guidance on the most
appropriate course of action. To 2nsure a
balanced evaluation, the analyses and assess-
ments must be performed on a systems basis.
This program pervforms such studizs.

Repository Cost Model Development (RECON)

The computer model RECON(2) is being used
to perform cost trade-off studies which, in
turn, may be used to: 1) review repository
site programs, ?2) provide guidance to site
design activitias, and 3) investigate system
cost reduction strategies, such as those
being conducted under another task of the
Waste Management System Studies Program
(cf., Technical and Economic Evaluations).

The objective of this task in FY 1983 is
to broaden and enhance RECON model capabilii-
ties to address three current key repository
design issues: alternative emplacement meth-
ods, co-emplacement of wastes, and receiving
and packazing facilities.

The following briefly describes the ap-
proach to eacih of these issues:

® Analysis of Alternative Emplacement
Metnods
This task will develop additional Tlogic to

describe and develop costs for a reposi-
tory design in which wastes are emplaced
in horizontal boreholes drilled in the
rock pillars separating the rooms as in
the current BWIP (Basalt Waste Isolation
Project) concept.

{(a) For background information on the RECON
model, the readar is referred to Sec-
tion 3,4,2 of this report and also to the
section entitled "Disposal Charge Analy-
sis" in prior issues of this document,

e Developing Co-emplacement Analysis

Capability

At the beginning of FY 1983, RECON model
logic assumed that emplacement rooms are
This task will
develop an additional logic to allow analy-

unique to each waste type.

sis of trade-offs associated with putting
multiple wastes in the same room (e.q.,
Tow-level TRU in rooms where spent fuel or
HLW is emplaced in boreholes in the
floor).

e Upgrading Facility Cost-Estimating
Capability
This task will develop the ability to bet-
ter match receiving and packaging facility

capabilities and costs with repository
This
will be done by estimating facility con-

designs and operating scenarios.

struction costs based on general facility
design parameters and descriptions. The
possibility of adapting the CONCEPT capi-
tal cost estimating model to accomplish
this will be investigated.
Progress during the reporting period on
the tasks is summarized as follows:
o Information on the latest conceptual BWIP

design and waste package concepts for ba-
salt was obtained from the BWIP staff,

The BWIP conceptual design descriptions
were incorporated into the RECON model.
Modifications to the program included add-
ing the capability of putting more than
one HLW or spent fuel canister in a hole,
The room-and-pillar logic already in the
model made it possible to simulate the
BWIP design without substantial changes.
Following these modifications, data were
collected from several different reports
on basalt repositories in order to model
(Cost
estimates were not directly available from
the BWIP conceptual design description.)

cost estimates for the BWIP design.




Cost estimates were prepared for two

cases:

a case using the design in which

noles were drilled in the walls of the

room, and a case in which holes were

drilled in the floor of the room,

As ex-

pected, the hole-in-the-wall design was

cheaper than the vertical borehole design

by about $120 million dollars.

The dif-

ference in cost is primarily related to

mining and rock-handling costs.

A letter

report describing the results of these two
cases was sent to DOE-RL on January 5,

1983.

Code logical fiow diagrams were completed
which allow RECON to co-emplace non-heat-

generating waste in rooms in the reposi-
tory excavated for primary, heat-generat-

ing waste. The available options encom-
pass the following emplacements:
Primary Secondary Tertiary
Emplacement Emplacement Emplacement
Vertical bore- TRU in inter- Option to
hole for HLW spersed ver- emplace
and spent fuel tical bore- contact
hole loca- waste in
tions room after
primary and
secondary
emplacement
Vertical bore~ Contact-han-
for HLW and dled waste in
spent fuel room after
primary em-
placement
Horizontal TRU in inter- Option to
borehole for  spersed hori- emplace
HLW and zontal bore-  contact
spent fuel hole loca- waste in
tions room after
primary and
secondary
emplacement
Horizontal Contact-han-
borehole for dled waste in
HILW and “room after
spent fuel primary em-

placement

i
fi

Horizontal TRU in trench Option to
borehole for emplace
HLW and contact
spent fuel waste in

room after
primary and

secondary
emplacement
Room emplace-  Optional
ment of HLW pilacement of
and spent TRU waste or
fuel contact waste

in same room
The coding and implementation of the logic
ow diagrams resulted in the development of
ve subroutines which were added to the

RECON code to model the co-emplacement of TRU

wastes with heat-generating wastes.

The sub-

routines are:

EMPLAC - Controls overall co-emplacement
logistics

PPYT - Performs primary heat-generating
waste emplacement
SPUT - Places secondary non-heat-generat-
ing waste in mined rooms after the
primary heat-generating waste has
been emplaced
TPUT - Places the third waste type in
previously mined rooms that have
both primary and secondary
emplacements
SSTOR - Mines rooms dedicated to non-heat-
generating waste types whenever
there is no room for co-emplace-
ment in previously mined primary

emplacement rooms

The data input was expanded to include neces-

sary additional information such as the num-

ber of secondary waste packages per primary

waste package for each waste-type

combination,

These new additions to the RECON code were

being debugged at the end of March.



Technical and Economic Evaluations

Current studies have shown the importance
of considering the entire waste management
system in evaluating waste management alter-
natives, To effectively manage the develop-
ment of repository concepts, it is essential
that DOE have information relating to the im-
pact of repository design, siting and sched-
ule options on total system costs, and the
impact of waste form and package design deci-
sions on repository costs., It is, therefore,
apparent that a systematic approach is desir-
able for analyzing alternatives and their im-
pact on the geolagic repository requirements.
This task is designed to provide information
that incorporates all major aspects of the
waste management system for program direction
and decision-making.

The objective of this task is to provide
DOE with information that will assist in the
selection of repository sites and waste form
criteria and specifications., Information
will be developed on a consistent basis to
identify the cost impacts of major system
design alternatives with the intent of iden-
tifying cost-effective options. Information
relating to potential safety and radiologic-
release trade-offs for system alternatives
will also be developed. This information
will be used: 1) to assist the sites in
developing repository concepts that tend to
minimize overall waste management costs and
2) to develop overall waste management sys-
tems approaches that are cost-effective in
conjunction with commercial waste treatment
The RECON model (cf.

previous section) will be used to develop the

and storage programs.

parametric repository cost information neces-
sary for these evaluations.

The major effort on this task during the
reporting period was a survey and analysis of
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system alternatives to be evaluated in detail
in FY 1983,
alternatives related to the treatment and

The principal concern is with

disposal of the various TRU wastes that would
be produced during spent fuel processing.
Accordingly, discussions were held with staff
from Barnwell Nuclear Fuels Processing re-
garding possible treatment alternatives that
should be evaluated for the Barnwell plant
wastes,

One of our objectives is also to encompass
a range of alternatives that would include
requirements for NRC licensing as reflected
in the most recent draft of 10 CFR 60,

A letter report describing the system al-
ternatives selected for in-depth evaluations
was completed and delivered to DOE-RL on
March 31,
treatment alternative combinations that en-

The alternatives include six waste

compass the range of available treatment op-
tions and 22 combinad waste management system
alternatives. These alternatives are de-
signed to provide answers and perspectives to
13 cost-related questions of interest to DOE
that are related to determination of waste
acceptance specifications and the cost impact

of potential regulatory requirements.

Special Issues Analyses

The Division of Waste Repository Deploy-
ment (DWRD) operates with substantial inter-
faces with other DOE offices, NRC, industry,
Congress, and the public, It is important to
evaluate the nature of the issues at these
interfaces in order to communicate the Divi-
sion's programs. There is also a need to
anticipate and respond to current events,
Qualified PNL staff having broad auclear
perspectives and specialized capabilities to

conduct supporting analyses and independent




assessments of these interface issues are
being utilized in this task on a case-by-
case basis.

The objective of this task is to provide
analyses of interface issues affecting re-
pository deployment. To date in FY 1983, two
issues have been addressed at DOE's request
as follows:

» Draft Guidance to the Sites Regarding

Waste Acceptance Specifications

We were asked to prepare draft guidance
that DOE-HQ would provide to RL-BWIP,
NV-NNWST, and NPO-ONWI(2) requesting that
those sites prepare waste package speci-
fications for commercial HLW, spent fuel,
comnercial TRU wastes, and Defense Waste
Processing Facility wastes. A draft of
that guidance was delivered to DOE-RL and
DOE-HQ in December.

#» Overall Plan for Conducting System Cost
Studies for the National Waste Terminal
Storage (NWTS) Program
PNL was requested to prepare an overall

plan for conducting waste management

system cost studies for the NWTS program,

including cost studies related to trans-
portation, storage, waste treatment, and
disposal.

Recognizing that it is essential to con-
tact other NWTS contractors to obtain their
ideas on required cost studies and informa-
tion on studies that they are planning,
letters were sent to ten contractors with
copies to the cognizant field office repre-
sentatives outlining the objectives and scope
of the study and asking for assistance from
each'of these sites. These contractors were

(a) Richland Operations Office - Basalt Waste
Isolation Project, Nevada Operations Of-
fice - Nevada Nuclear Waste Storage In-
vestigations, and National Waste Program
Office - Office of Nuclear Waste
Isolation,

then contacted by telephone, or by visits in
the case of Hanford contractors. Some useful
information was collected, but, with few ex-
ceptions, we found that contractors do not
concern themselves with aspects of the waste
management system outside their direct pur-
view. As a result, the plan was primarily a
PNL effort.

A draft NWTS Program Waste Management Sys-
tem Cost Studies Plan was completed and de-
livered to DOE-RL on March 29. The plan was
divided into two main parts. In the first
part, a methodology for developing an inte-
grated waste management system cost model is
presented, 1In the second part, recommended
cost studies and related activities, their
timing, and their interrelationships are
described,

The plan primarily focuses on studies that
involve system interactions and relationships
among major components of the system--specif-
ically, treatment, transportation, storage,
and disposal. Outside of this plan, each
repository site program is supporting cost
studies related to facility design options
but is concerned only to a limited extent
with the waste management system interactions
external to the repository site. The capa-
bilities and limitations of other system
components can have significant system cost
impacts that might be mitigated to some ex-
tent if the system as a whole is considered.

The primary objective of this cost plan
was taken by PNL to be the waste management
system cost comparisons required to support
the selection of the first repository site.
The Nuclear Waste Policy Act of 1982 calls
for an April 1, 1987, recommendation by the
President on this first repository site.

)
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Nuclear Fact Book

In FY 1982, under this program, PNL pub-
lished the Nuclear Fact Book, PNL-4239, to
fill a need for a small, pocket-sized, loose-

leaf document containing current, accurate
information on topics related to nuclear
waste management and directly related topics,
e.g., nuclear power. The document has been
well received. A need exists to update some
of the information contained in the book to
reflect significant changes in DOE's waste
management program plans or in areas bearing
on those plans, e.g., proposed or enacted
waste management legislation.

The objective of this task is to update
PNL-4239 in a timely fashion to reflect de-
velopments significant to the DOE's nuclear
waste management program plans. Particular
attention was given to those aspects having
potential impact on DOE's waste repository
deployment plans.,

In February we submitted recommended re-
visions to the book to DOE-RL. We also sent
them to the Office of Nuclear Waste Terminal
Storage Integration. Comments were received
and resultant changes to the new edition
made.

In a meeting held in March with RL, it was
decided that: v

® Future issues of the book will be bound
instead of the current loose-leaf version.

e RL/PNL will make distribution to the DOE
recipients.

® Arrangements will be made such that copies
can be purchased by others through some
government printing and distribution
channel (e.g., the Government Printing

Office).

Public Information Analysis

To facilitate the repository site selec-
tion process, it is important that DOE de-
velop an effective means of communicating
credibly to the public--especially those near
potential sites. Information must be pro-
vided that corrects public misconceptions and
enables a greater degree of informed partici-
pation in program implementation. To meet
this responsibility, it is important to
clearly define public information needs and
to identify communication techniques applica-
ble to the transfer of appropriate technical
information to the public. To accomplish
this task, DOE will need to identify desired
target groups, appropriate message content
and the most effective media for credible
communication to those target groups.

The objective of this task is to structure
and implement a public information program
aimed at:

1. increasing public understanding of waste
management technology and programs

2. correcting public misconceptions about
certain aspects of nuclear waste storage
and disposal

3. assisting DOE in successfully interfacing
with the communities in potential disposal
site areas.

Two primary tasks are scheduled to be
completed during FY 1983 to accomplish the
desired objectives:

® Task 1 - Development of a document sum-
marizing public information needs in the
area of waste management, important target
groups for a public information program,
and effective communication media and
techniques. This information was obtained




from a review of research already conducted
by the Human Affairs Research Centers and, as
appropriate, by other organizations in the
“nontechnical®™ issues area of repository
siting. A letter report for Task 1 was sent
to DOE-RL at the end of February.

@ Task 2 - This portion of the study will
utilize the results of Task 1 to develop
for DOE guidance regarding the development.
and planning that may be required to con-
struct and implement an effective public
information program. The letter report on

Task 2 neared completion at the end of the
reporting period.

6.4 NUCLEAR MATERIALS TRANSPORTATION TECH-
NOLOGY STUDIES

6.4.1 Thermal Analysis Methods (AR-05-25 -

80746)

The objective of this research i3 to pro-
vide improved analytical methods for thermal
analysis of shipping casks.

Summary

An information exchange meeting was hosted
in which both structural and thermal codes
relevant to spent fuel shipping cask design
were discussed. The meeting was attended by
government and industrial representatives in-

terested in cask design and licensing.

Thermal Analysis of Casks

In previous reporting periods, several
computer codes potentially useful for thermal
analysis of spent fuel shipping casks were
selected, acquired, and tested for their ap-
plicability to thermal cask design. A series

of modeling problems of graduating complexity

6.8

was selected to test the various codes' ac-
tual performance and capabilities. Care was
taken in selecting the problems so as to al-
low quantitative comparison of speed and ac-
curacy of the various computer codes and
qualitative evaluation of other computer pro-
gram capabilities.

In the current reporting period, an infor-
mation exchange meeting was held between gov-
ernment- and industry representatives, hosted
by the Technology Transportation Center,

At this meet-
ing, details of the thermal benchmarking ef-

Sandia National Laboratories.
fort were presented. Areas included code se-
lection criteria, candidate codes, model
problem criteria and selection, and bench-
marked code results., An effort was made to
obtain industry participation and thus guide
future benchmarking and code selection tasks.
A follow-on workshop will be held in late

FY 1983 or early FY 1984 to present more
detailed results of the benchmarking effort
and to exchange results with industry.

6.4.2 Structural Analysis Methods
(AR-05-25 -~ 80747),

The objective of this research. is to pro-
vide a survey of analytical structural
methods applicable for the design and licens-
ing of spent fuel shipping casks. Structural
computer code benchmarking is being used in
the performance of this survey.

Summary

An information exchange meeting was
hosted, and was attended by government and
industrial representatives, in which struc-
tural and thermal codes relevant to spent
fuel shipping cask design were discussed.

.
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Structural Analysis of Casks

In previous reporting periods for this
project, several computer codes were identi-
fied as potentially useful for structural
analysis of spent fuel shipping casks and
were acquired, These codes were available to
the public either as source forms or on a
fee-for-use basis. The codes were bench-
marked using simple cask-like models. A
series of germane structural response param-
eters was selected and was tabulated so that
the codes could be compared in a consistent
way.

During this reporting period an Indus-
trial/Government Joint Thermal and Structural
Codes Information Exchange meeting was held.
Information on the structural code benchmark-
ing and on a similar thermal code benchmark-
ing activity was presented. The information
exchange meeting was hosted by the Transpor-
tation Technology Center, Sandia lLaborato-

ries, Albuquerque, New Mexico.

6.4.3 Criticality Studies for Spent Fuel
Transportation (AR-05-25 - 80263)

The objective of this research is to ob-
tain experimental criticality data in support
of the design and safe operation of nuclear
fuel transportation systems.

The document Existing Experimental Criti-

cality Data Applicable to Nuclear Fuel Trans-
portation Systems and Near Term Data Needs
was issued as TTC-0295/PNL-4118. The data
documented in this report will serve as the

initial step in developing a firm and com-
plete data base for verifying calculational
models used in the criticality safety analy-
ses of transportation systems. An experimen-
tal program is planned to provide those miss-

ing data considered most beneficial in

completing the data base. The initial series
of experiments is scheduled to begin in

FY 1984 and involves fuel shipping arrange-
ments in which neutron flux traps are cre-
ated.

designed in coordination with Sandia Labora-

These experiments are currently being

tories staff and the Chairman of a Nuclear
Energy Agency Work Group assessing the re-
liability of different criticality calcula-
tional techniques.

5.4.4 Nuclear Materials Transportation Cost
Studies (AR-05-25 - 80744)

The objective of this research program is
to develop the methodologies and data re-
quired for estimating shipping costs for all
major categories of defense and commercial
nuclear waste, and waste packaging
alternatives.

Logistics analyses supplied to the nuclear
waste management programs of the U.S. Depart-
ment of Energy, through the Transportation
Technology Center (TTC) at Sandia National
Laboratories, are used to predict nuclear
waste material flow, transportation packaging
demands, shipping and receiving rates, and
transportation-related costs for alternative
strategies.
reference shipping costs for various waste
materials being developed at the Pacific
Northwest Laboratory (PNL).

PNL conducted research for the TTC to
develop techniques for determining the costs

Key to these analyses are the

of shipping irradiated reactor fuel. Infor-
mation was collected from a truck carrier
licensed to serve the 48 contiguous states,
and from various rail freight tariff guides
(as of January 1982).

information supplied the basis for develop

This collection of

ing a set of formulas to predict truck, rail,
or truck heavy-haul shipping costs. A repre-

sentative example of these formulas is given




below for the total cost associated with
transporting irradiated reactor fuel by

truck.

LOAD EMPT
K}A . —T66> + <éB . _T55> + (DHC - DIS2) +

(SVC « DIS3)[ = (1 + FS) +
(AEC » DIS4) + (SEC - DIS1) +
QWC + DET

where

AA = Value for specified distance
traveled with full cask, $/cwt
AB = Value for specified distance
traveled with empty cask, $/cwt
LOAD = Weight of full cask, b
EMPT = Weight of empty cask, 1b
SEC = Special equipment charge, $/mile
AEC = Charge for each a}med escort,
$/man-mile
DHC = Deadhead charge(a) for special
equipment, $/mile
SVC = Charge for each separate escort
vehicle (if requested), $/mile
(each vehicle carries 2 escorts)
FS = Fuel use surcharge
OMC = Applicable overweight charge for
each state traversed -
DET = Personnel and equipment detention
charge
DIS1 = Specified distance traveled with
loaded cask, miles
DIS2 = Specified distance from terminal
location of special equipment to
point of loading, miles

(a) Cost incurred for moving equipment and
personnel from their domicile to the
shipment origin.

DIS3 = Total distance traveled by separate
escort vehicle(s) from terminal
location until subsequent return to
terminal, miles

NIS4 = Sum of the number of armed escorts
(provided by carrier) times the
distance traveled with a loaded
cask by each escort, man-miles

The formulas reflect only the costs to trans-
port the spent fuel. No cask leasing or.
purchase costs are included.

In addition to development of the various
cost methodologies, a set of data was formu-
lated to represent a hypothetical transport
of spent fuel with each transport mode. The
results from these data allowed a baseline
comparison among the transport modes. The
actual fee charged by a truck, rail, or truck
heavy-haul carrier is based on the variables
listed above and cannot be determined until a
contract is signed. A formal report relating
the results of this study is expected to be
published in June of this year.

Research to predict the costs of trans-
porting other forms of nuclear waste (remote-
and contact-handled transuranics, high-level,
and lTow-level) is in progress. Current and
conceptual shipping container/cask designs,
shipping systems, shipping modes, and combi-
nations of origins and destinations have been
investigated for these forms, An applicable
set of formulas for each particular waste
form will be developed for use in waste dis-
posal cost and logistic studies.

6.5 KRYPTON ION IMPLANTATION {AS-25-05 -
86116)

The objeetive of this program is to de-
velop the process of implanting krypton in a
sputter~depogited metal matrix for ultimate
storage of krypton-85. Pilot-scale demon-
stration of the process, using nonradioactive
krypton, and small laboratory-scale tests
uging krypton-85 will be conducted.



Summar

At the start of FY 1983, a primary objec-
tive was the design, construction, and demon-
stratioh of a full-scale, remotely-operable
sputtering chamber for trapping krypton in a
metal matrix., Full-scale is interpreted as a
system compatible with a large fuel repro-
cessing plant, i.e., AGNS., At mid-year, the
effort was redirected toward a system suit-
able for a smaller fuel reprocessing opera-
tion, i.e., the Breeder Reprocessing Experi-
mental Test (BRET).
been revised such that the diameter and con-
nections will serve both BRET and an AGNS

installation; capacity can be adjusted by in-

The chamber design has

creasing or reducing the chamber length.
The outer dimensions and connection
details of the new disposable chamber have
been established as well as the general ar-
rangement of the internal electrodes. How-
ever, the final geometry and electrode mate-
rial selection depends on the successful
deposition of a full-term deposit 1 cm thick,
using an experimental demountable chamber of
similar design. Testing is under way and
progress to date using the demountable system
with a 1500-cm2 substrate area indicates that
88% of the design pumping capacity can be
achieved using 84% of the input design power.
The thickest deposit achieved to date with
krypton-loaded nickel-lanthanum is 0.1 cm.
More tests are under way to learn whether
modifying the current limiters, pressure con-
trol system, and anode geometry and operating
procedures will increase the reliability of
pressure control and the overall system and
whether internal stress in the krypton-loaded
deposit will limit the deposit thickness.
The detailed mechanical designs have been
completed for a remotely operable sputtering
station and the service connector assembly.

A preliminary layout for a four-chamber
arrangement has been made.

Environmental considerations dictate that
krypton release be minimized in the storage
of 85Kr-containing deposits. Also safety
considerations dictate that the release of
85%r be studied under conditions that could
occur during storage, handling, or transpor-
tation. Included in these studies are the
release of krypton from a Ni-La-Kr alloy in
0.66 torr 0, and at 320°C and in water at
room temperature and the release of krypton
from a Ni-Y-Kr alloy during grinding at room
temperature.

During oxidation a small amount of krypton
is released from the surface of the Ni-La-Kr
alloy, but after a short time the alloy be-
After
this, the krypton release rate decreases to
Thus the

deposit is stable and poses no sizable re-

comes passive to further oxidation.

20% of the rate before oxidation.

lease hazards if exposed to air.,

The release of krypton from the Ni-La-Kr
alloy in water at room temperature is greater
than in dry oxygen. Based on nearly a year
of tests, the estimated 10-year release
amounts to 1.76% of the contained krypton.
Krypton release from the Ni-La-Kr alloy in
water at 90°C is also being measured, and
these results will be reported later.

During grinding, krypton is released from
the closed pores of the Ni-Y-Kr alloy as they
are opened. Our results indicate that kryp-
ton is contained predominantly in pores
Also the

krypton content of the alloy decreases rap-

smaller than 12 A in diameter.

idly as the particle size falls below
10 um. This information is consistent with a
void size of ~20 A observed in an electrolyt-
ically thinned Ni-Ti-Kr alloy with transmis-

sion electron microscopy.




Equipment Development and Testing

The design requirements for fabrication
and demonstration of a remotely operable
sputtering station for ion-implanting 85Kr in
a sputtered Ni-lLa alloy have been changed to
match the krypton output of a smaller fuel
reprocessing operation, i.e., the Breeder Re-
The
disposable chamber design has been revised

processing Experimental Test (BRET).

such that the inner substrate diameter of

25 cm and the external electrode and water
cooling connections will serve both BRET and
on an AGNS installation; capacity can be
adjusted by increasing or reducing the cham-
ber length, The design will allow the
substrate area to be varied from 1000 to

3000 G by changing the length of the cy-
lindrical portion of the chamber from 0 to

25 cm. Radiation shielding calculations were

completed for the 85 r-filled disposal trap-

2 sub-

A less expensive unshielded 1500-cm
strate surface area trapping unit (which
could be disassembled and modified as neces-
sary) was designed and fabricated and is
being used to establish the final internal
design of the shielded disposable trapping
unit. A sketch of the demountable unit is
shown in Figure 6.1. Tests using this unit
have demonstrated a pumping speed of 2.2 L/hr
at STP with a Ni-La target input power of
To
meet the design requirements for this size
unit, it must pump 2.5 L/hr at STP for about

100 hr with an input target power of 24 kW,

21.6 kW for a period just under 1 hr,

Based on the performance of the test unit,
it was decided to proceed with the design of
the shielded sputtering station to delay the
internal electrode design until a full-term
(1 cm thick) deposit could be made. The de-
tailed mechanical design including the ser-
vice connector assembly has been completed.

ping unit for the BRET-size facility. A lead A reduced assembly drawing is shown in Fig-
thickness of 5.7 cn will be required. ure 6.2. A preliminary layout of a
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four-chamber arrangement also has been made,
as shown in the reduced, unfinished drawing,
Figure 6.3.

Further experimentation with the 1500-cm
test unit has resuited in deposits of
krypton-loaded Ni-La of up to 0.1 cm thick.
The chief factors necessary for achieving

2

st BN 1

6.14

reliable, continuous operation are: 1) ab-
sence of electrical shorts between electrodes
as a result of deposit buildup, nonadherent
deposited material, or movement of electrodes
due to thermal expansion or warpage or a
combination of both; 2) properly protected
power supplies that can return gquickly to the

DRILL HOLES IN STATION FRAME
TO SUIT AT FINAL ASSEMBLY

FIGURE 6.3.

| I e ———

Four-Chamber Arrangement
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desired current settings after faults are
cleared; 3) adequate control of gas pressure;
and 4) temperature control of all electrodes.
Failure to meet these requirements will re-
sult in a malfunction of the unit. Two weak
points that prohibit reliable operation of
the present unit are the failure of the tar-
get power supply limiter to operate properly
above 2100 V and the lack of dimensional sta-
bility of the anode-filament configuration,

Since spurious rf oscillations appearing
when the target potential exceeds 2100 V have
prevented full power operation, the power
supply/process controller network was im-
proved in several ways. The system was modi-
fied to stop sputter deposition if the gas
trapping rate falls below a preset level,
provide faster recovery from electrode arc-
ing, and improve power supply control, Addi-
tional filtering was added to the filament
and plasma current signal inputs to improve
the computer reading accuracy. A new output
transistor was successfully tested in the
substrate limiter on a dummy load bank. Also
a newly designed 100-A, air-cooled plasma
lTimiter was load-bank tested. An adjustable
load bank with an integral shorting relay for
2500-V operation was designed and fabricated
to permit long-term pulsed testing of
combinations of high-voltage power supply
Timiters at the 25-kW level. An order has
been placed for a commercial target power
supply with a current cutback circuit of
comparable size. This unit is reported to
successfully power a sputtering target for a
plasma isotope separation process.

Test runs with the latest anode configura-
tion indicate that the anode temperature dur-
ing full-power operation is insufficient to
achieve significant deposit. vaporization but

high engugh for deposit melting. Tests with

anodes constructed of tantalum or molybdenum
show that either material is suitably stable.
It must be shown, however, that the buildup
of liquid nickel-lanthanum will not cause an
electrical short between the anode and adja-
cent structures,

In March, the pumping station, power sup-
ply, and control console were relocated from
the 231-7 Building at the north end of the
Hanford Reservation to the Research Technol-
ogy Laboratory (RTL) near Richland. Experi-
ments will continue as soon as the equipment
is operable using a newly completed steel
substrate,

Kinetics of Krypton Release

Environmental considerations dictate that
krypton release be minimized in the storage
of 85Kr-contaim’ng deposits, It is also
desirable that the release of 85 be under-
stood in the event of nonstandard conditions
With these

goals in mind, studies involving the release

during storage or transportation,

behavior of krypton sputter-deposited nickel-
lanthanum alloy in 0, at 320°C, in water at
room temperature, and in water at 90°C have
been added to the study of the isothermal
lease rate measurements in the range 250 to
450°C.
effect of grinding on krypton release and de-
termination of particle porosity and krypton

re-

Also added to these studies was the

content measured as a function of the parti-
cle size, The grinding study was performed
on the nickel-yttrium alloy because it re-
quired a large amount of material. The pur-
pose of the studies is to attempt to under-
stand how krypton is distributed in the solid

and by what mechanisms it is released.




Release Behavior in Oxygen

The test to determine the krypton release
behavior of the Ni-la-Kr alloy during con-
tinuous exposure to atmospheric concentra-
tions of oxygen has continued for about 11
months. These results are shown in Fig-
ure 6,4, During that time, three different
release-rate regimes have been observed, In
each regime, the total krypton released is
proportional to the square root of time, in-
dicating that diffusion is the rate-control-
1ing mechanism for krypton release., The
first regime lasted 26 days, and the krypton
released was ~220% as great as would be ex-
pected in vacuum (dashed line in Figure 6.4)
without oxygen exposure. The second regime
continued for another 115 days, and the kryp-

EXPECTED /

RELEASE IN
vACUUM

S 3rd REGIME

o

s

2

v

o

3

e gt /

£ /

) 2nd REGIME

o

&

'/

- /

o

v,

-

g 6 \— & 1st REGIME

'—

] l | |
500 600 700 800
SQUARE ROOT TIME, (min) 1/2

FIGURE 6.4. Release of Krypton at 320°C in
166 Torr of Oxygen from an Ni-L%-Kr Alloy
Initially Containing 1.32 x 107> Moles Kr/g
Sample

ton released was ~90% as great as would be
expected in vacuum without oxygen exposure.
The third regime has continued for 190 days
and is still continuing, and the krypton
released was about 20% as great as would be
expected in vacuum without oxygen exposure,
The overall release was much less than if
no oxygen exposure had occurred because of
the markedly decreased krypton release rate
This
is true even though it is apparent from these

during the last 190 days of exposure,

results that oxidation of the alloy causes

the release of krypton during the first 141

days of exposure,

It is proposed that the mechanisms for re-
lease of krypton during the three regimes are
as follows:

1. During the first 26 days, the krypton re-
lease rate was controlled by the oxidation
rate or the diffusion of oxygen through
the oxide layer already formed on the

After 26 days, the outer

surface of the alloy became resistant to

metal surfaces.

further oxidation, and the krypton release
rate decreased.

2. During the second regime, oxidation was
apparently still continuing because the
krypton release rate was still 4.5 times
as great as in the third regime. The
krypton release rate in the second regime
was apparently still controlled by the
rate of oxidation, which may have been
controlled by the diffusion of oxygen into
pores with restricted openings to the sur-
face or by a part of the material that ox-
idizes more slowly but for a longer time
than the other part.

3. In the third regime, the alloy has appar-
ently become resistant to further oxida-
tion, and the rate-controlling mechanism
for krypton release has become the diffu-
sion of krypton through the oxide layer.

-

-
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Evidently the rate of diffusion through
the oxide layer is only about 20% of the
rate through the unoxidized metal because
the release rate is only about 20% of the
rate of the unoxidized metal.

The results of this test are consistent
with those of a test reported earlier (Tingey
1982). In that test a sample was intermit-
tently exposed to oxygen for 4 hr at 320°C,
and it was concluded that an oxide layer
forms on the alloy that is resistant to dif-
fusion of both oxygen and krypton and leads
to a krypton release one-sixth that of the
expected release with no oxygen exposure.
The tests reported here show that continuous
exposure of the sample to oxygen eventually
results in a decreased release rate of about
the same magnitude as the 4-hr exposures did,
and that the Ni-La-Kr alloy eventually be-
comes resistant to further oxidation,

The results of this test show that the
Ni-La-Kr alloy is stable in oxygen and that
the krypton release rate decreases by a
factor of five after a stable oxide film
forms on the surface.

Release Behavior in Water

The study of krypton release behavior of
the Ni-La-Kr alloy in water has shown that
water does not greatly increase the krypton
release rate, This study is still continu-
ing; but for 300 days in room temperature
water, the release is consistent with a dif-
fusion mechanism releasing only about 1.8% of
its total krypton after 10 years.

Grinding Studies

During grinding, krypton was released from
the Ni-Y-Kr alloy as fracture lines extended
through closed pores containing krypton, thus

opening them and releasing the krypton. Par-
ticle size distributions after grinding are
shown in Figure 6.5. As seen in Table 6.1,
open porosity increased and krypton was re-
leased during grinding. However, the krypton
released was greater than could have been
contained in the pores that were opened.
This is illustrated by using the liquid den-
sity to calculate the maximum volume of kryp-
ton that could be contained in pores, which
is 0.578 L Kr (STP) per mL pore volume, The
amount of krypton released during grinding
was far greater than the amount that could
have been contained in the 12 to 800 A pores
that were measured {see Table 6.1). Then a
large volume of pores either >800 A or <12 A
must have been opened, or possibly pores were
destroyed during grinding.

It is proposed that pores in the Ni-Y-Kr
alloy were mostly <12 A in diameter because:
1) it appears the volume of pores >800 A was

S
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FIGURE 6.5. Particle Size Distributions
After Various Grinding Times (shown in
minutes on lines)




TABLE 6.1. Krypton Release, Pore Volume of Pores 12 to 800 A Diameter

and Surface Area of Pores Larger than 12 A& During Grinding for the

Nig.g2¥0.11Kr0.07 Altoy

Increase in Open

Surface

Grinding Pore Volume, L Kr (STP) % of Contained
Time, min /g Sample m©/g Sample mL Pores Kr Released
1.25 0.17 1.1 0.8
2.5 0.17 0.108 1.4
5 0.15 0.109 1.5
20 0.46 0.139 15.4
50 0.60 0.263 64.4
small because pores were mostly 400 A& and
smaller and 2) it appears that pores were not ~§ T
destroyed because if pores were destroyed <
during grinding, surface area would increase ‘f
at a greater rate than porosity. But, as g_ o8k
seen in Table 6.1, surface area and porosity E
increased at comparable rates. Thus the g
porosity and release measurements lead to the ©
conclusion that more than 95% of the krypton ¥ 06 ] ] L1 1
10 20 50 100 200 500

is contained in pores less than 12 A in
diameter, but that there are significant
pores of larger diameter that may affect
release mechanisms. In other work a void
size of ~20 A was observed in an electrolyt-
ically thinned Ni-Ti-Kr alloy with transmis-
sion electron microscopy. To test the effect
of particle size and porosity on release
rate, release under isothermal conditions
will be measured on several particle-size
fractions.

Measurement of the krypton content of var-
ious particle-size fractions of the Ni-Y-Kr
alloy after grinding is shown in Figure 6.6.
The krypton content is maximum in particles
~80 un in diameter and is greater than in the
bulk alloy before grinding. The decrease in
krypton content with particle size in par-
ticles <80 yn is explained by the release of
krypton during grinding as fracture lines
include pores, thus opening them and releas-
ing the krypton, Additional work is needed

PARTICLE SIZE, um

FIGURE 6.6, Krypton Content of Nigtgngﬁ}%d

Kr‘o.7 Kiloy Versus Particle Size A

ing“in a Ball Mill, Dashed line represents
krypton of the bulk alloy before grinding.

to explain the decrease in krypton content in
particles >80 um,

Reference

Tingey, G. L. 1982. "Krypton Implantation."
Nuclear Waste Management Semiannual Prog-
ress Report, October 1982 Through March
1983, PNL-4250-2, Pacific Northwest
Laboratory, Richiand, Washington, pp. 3.1-
3.7.

6.6 10DINE-129 FIXATION {AS-25-05 - 87128)

The objective of this program ig to de-
velop technologies that will provide safe and
effective removal and packaging of iodine-129
for initial treatment, for interim storage
and shipment, and for permanent isolation.
The technologies must be related to all @
phases of the nuclear fuel cycle.
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The iodine fixation program was completed
during this report period., Work consisted of
analysis of experimental data and the prep-
aration of reports. The following papers and
reports were written during the period:

PNL-4489, Methyl Iodide Sorption by Re-
duced Silver Mordenite, R. D. Scheele,
L. L. Burger, and C. L. Matsuzaki

PNL-4490, Recycle of Iodine-lLoaded Silver
Mordenite by Hydrogen Reduction, L. L.
Burger and R, D. Scheele,

PNL-SA-10896, "Leach Resistance of Iodine
Compounds in Portland Cement," R. D.
Scheele, L. ). Burger, and K. D. Wiemers.
Am. Chem. Soc. 185th National Meeting,
Seattle, Washington, 1983.

PNL-4689, The Status of Radioiodine Con-
trol for Nuclear Fuel Reprocessing Plants,
L. L. Burger and R. D. Scheele,

The last-named report is the final one of

the program. It summarizes in capsule form
the concepts for capture of airborne iodine
and for fixation and disposal., Capture
processas are judged with respect to:
® compatibility with overall airborne waste
treatment
e amenability of capture form to treatment
for storage or disposal
o other advantages and disadvantages

e recommended studies or demonstrations.
Fixation and disposal are more difficult to
evaluate because of lack of criteria. Sev-
eral concepts appear to give adequate control
for a few hundred to a few thousand years,

It is suggested that adequate dispersal of
129[ is the best long-range option for iodine

control.

6.7 THERMAL OUTGASSING (AR-05-15-05 -
80246)

The objectives of the Thermal Outgassing
Program are to:

1. develop a method for the safe and effec-
tive removal of volatile fission products
from irradiated fuel

2.

evaluate the use of thermal outgassing
using various sweep gases or vacuyym Out=
gassing for the removal of 140, ?ggf, By p
and °H

apply the information obtained from both
experiment and theory to spent fuel re-
processing, interim and long-term storage,
and to reactor safety.

The work during the period consisted of

analysis of data and preparation of reports.
A report, PNL-4487, Thermal Qutgassing of
Irradiated Nuclear Fuel - A Literature Review

was written by L. G. Morgan, L. L. Burger,
L. A. Bray, and C. L. Matsuzaki. The final
report, PNL-4488, Removal of Fission Prod-

ucts by Thermal Outgassing was written by

L.

A. Bray, L. L. Burger, and L. G. Morgan.
In this study the thermal release of fis-

sion gases from irradiated nuclear fuels was

achieved with the use of a sweep-gas. Vacuum

outgassing was partially successful, but the

sweep-gas technique besides being more effec-

tive was found easier to employ. The follow-

ing were demonstrated:

e Complete release of krypton is obtained.

o Complete release of tritium from both the

fuel and cladding is obtained.

The addition of 6% H2 to the helium sweep-
gas results in greatly improved tritium
release as a function of time but hinders
the krypton release.

Most of the iodine and cesium are released
when the inert gas is used. When 6% H2 is
present, the cesium remains in the fuel.
Additional data are required to explain
the behavior of ijodine, cesium, and other
semivolatile fission products.

Under some conditions, the cladding frac-
tured in the heat treatment; thus chopping
the fuel may not be necessary, Further
investigation of cladding fracturing and
interaction with 0, could lead to an
alternative head-end process.
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o The dramatic effect of the presence of e The heat treatment did not significantly
hydrogen in the heljum sweep-gas indicates affect the dissolution properties of the
that the composition of the atwmosphere fuel in nitric acid.
around the heated fuel is very important & An engineering evaluation of the process
to fission gas and semivolatile release. as a head-end step for fuel reprocessing
Observations such as the appearance of was carried out and showed that thermal
iodine as I, suggest that experiments sweep-gas out-gassing is technically fea-
using traces of other gases such as 0, in sible and cost-competitive.
the sweep gas would be instructive., Other The program ends with this report,

inert gases such as argon and N2 need to
he studied,



6.0 SUPPORTING STUDIES

The objective of the Waste Management Supporting Studies are to do the
following: 1) focus technical analysis on the independent assessment of the
information base upon which to make decisions to implement waste
management systems and technologies of interest, 2) review on-going
technology base activities, 3) provide support to DOF’s Nuclear Waste
Policy Act Project Office, and 4) conduct environmental impact studies
and analysis of public and institutional issues.
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