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FOREWORD

This document is one of a series of technical progress reports
designed to report on commercial radioactive waste management pro-
grams at Pacific Northwest Laboratory. These programs are funded
by the Department of Energy's Office of Nuclear Waste Management.
The Commercial Radioactive Waste Immobilization Program is reported
elsewhere. These reports are issued on a quarterly basis.

The prior report in this series is Nuclear Waste Management
Quarterly Progress Report April Through June 1978, PNL-2378-2.
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1.0 DECONTAMINATION AND DENSIFICATION
OF CHOP-LEACH CLADDING RESIDUES

R. L. Dillon, R. S. Kemper, R. R. King

Fuel element cladding residues from the chop-leach head-end process
constitute a low-density, high-surface-area metullic waste with a sub-
stantial actinide element contamination. The objective of this study
is to determine the feasibility of, and to develop methods for, removal
of long half-life transuraniecs from the cladding residues and for con-
solidation of the zirconium and stainless steel residues. The study
involves:

1. selection and laboratory testing of methods for transuranic
removal by
al) aqueous reagents
b) molten salt reagents
e) fluxing during melting

2. consolidation of the fuel element hulls by melting and casting
Zircaloy, stainless steel, Inconel or alloys of the three

8. testing and evaluating the consolidated fuel hulls for long-
term waste management

4. absorption and fization of tritium into the waste ingots

5. consolidation of transuranics removed.

SUMMARY The assembled decontamination equip-
ment and associated control equipment
are being tested and calibrated.

A melting test of the Inductoslag

furnace confirmed that a helium atmos-

A prototype system for decontaminat-
ing and densifying chop-leach cladding
residues has been assembled in a build-

ing operated by the Pacific Northwest
Laboratory. Pilot-scale chemical de-
contamination equipment and an Inducto-
slag ingot melting furnace are set up
on a simulated hot cell floor plan for
eventual combined nonradioactive
demonstration. Simulated unirradiated
cladding residues will be cleaned in
the decontamination prototype, with
HF/Ar followed by an aqueous rinse,
and then melted in the induction fur-

nace to produce ingots.

phere could be used during Zircaloy
melts; previous tests used argon as
the inert atmosphere. Seven ingots
from previous melting tests were ana-
lyzed and found to meet specifications
for metal composition, impurity, and
hardness of nuclear-grade Zircaloy.
Five zirconium alloys were com-
pared to Zircaloy-2 sheet material in
standard water and steam corrosion
tests to examine the effects of alloy

composition on corrosion resistance.



The alloy compositions were varied
by cleaning, separating, and melting
simulated cladding residues to vari-
ous degrees. It appeared that
Zircaloy-4 alloyed with 5 wt% metal
additions was less resistant to cor-
rosion than Zircaloy-4 alloyed with

10 wt% and 15 wt% metal additions.

DECONTAMINATION PROCESS

The prototype chemical decontami-
nation equipment consists of an HF
gas reactor, an aqueous washer/rinser,
plus associated process solution tanks

(1,2) The pilot-scale

and piping.
equipment is designed to decontaminate
2 kg cladding/hr.

completely installed, and all compo-

The equipment was

nents and control instrumentation are
being checked and calibrated. A
scrubbed ventilation system is in
place to remove any HF gas that might
result from minor leaks near the ro-
tating reactor seals. Flow tests
showed that simulated, chopped fuel
hulls could be transported from the
inlet of the HF reactor to the exit
of the washer/rinser in a minimum
time of 72 min.

DENSIFICATION PROCESS

The basic testing of the Inducto-
slag ingot meiting furnace has been

TABLE 1.1.

completed. The Inductoslag furnace
is the densification portion of the
prototype decontamination/densifica-
tion system. The prototype furnace
has been used with a static one-third
atmosphere of argon as a protective
atmosphere during melting of Zir-
caloy-4. Twenty Inductoslag furnace
heats to melt Zircaloy cladding
residues have been described in pre-

2) Another Zir-

vious reports.(]’
caloy-4 melting heat (No. 21) was made

using helium as a protective atmosphere
Table 1.1 summarizes

No significant dif-

instead of argon.
the melting heat.
ference was detected between the melt-
ing characteristics or visible ingot
qualities of ingots melted in the two
atmospheres.

During the melting heat in helium
atmosphere, the furnace's television
monitor did not show a slag ring around
the molten metal. It is believed that
a change in optical filtering would
show the contrast between the slag
ring and molten metal that is typically
observed when argon is the melting
atmosphere.

The alloying elements, impurities,
and ingot hardnesses from seven pre-
viously melted ingots are shown in
Tables 1.2, 1.3, and 1.4 along with
the ingot characteristics specified
by the American Society for Testing
and Materials (ASTM) for nuclear-grade

Inductoslag Furnace Melting Heat No. 21:

Zircaloy-4 Melted in a Helium Atmosphere

Heat Melted Melt Rate, Approximate Energy Use,
Number Weight, kg kg/hr Power, kW kWh/kg Remarks
21 20 4] 114 2.8 Melted in helium atmosphere. Slag

ring not visible in TV monitor.
Need different optical filtering;
all other meiting and ingot appear-
ances the same as with argon.



TABLE 1.2.

Specified by
ASTM - B-350,

Alloy Element Analysis of Inductoslag-Melted Zircaloy-4

Composition of Inductoslag Melting Heats, wt%

Alloy Element wt3 sa) g 9 10 1 15 17
Tin 1.20 to 1.70 1.55 1.47 1.47 1.47 1.50 1.42 1.47
Iron 0.18 to 0.24 0.217 0.205 0.207 0.203 0.204 0.188 0.202
Chromium 0.07 to 0.13  0.117 0.106 0.110 0.105 0.106 0.100 0.109
Fe + Cr+Ni 0.28 to 0.37 0.335 0.312 0.318 0.309 0.311 0.289 0.312

a. Inductostag melting heat number.

TABLE 1.3.

Maximum Specified

by ASTM B-350,

Impurity Analysis of Inductoslag-Melted Zircaloy-4

Composition of Inductoslag Melting Heats, ppm

62

)

Impurity ppm 8 9 10 11 15 17
Aluminum 75 <75 <75 <75 <75 <75 <75 <75
Boron 0.5 < 0.2 < 0.2 < 0.2 < 0.2 < 0.2 < 0.2 < 0.2
Cadmium 0.5 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.
Calcium <100 <100 <100 <100 <100 <100 <100 <100
Carbon 270 160 170 150 200 120 170 160
Cobalt 20 < 5 < 5 < 5 < 5 < 5 < 5 < 5
Copper 50 < 20 < 20 < 20 < 20 < 20 < 20 < 20
Fluorine 14 56 36 36 25 38 37
Hafnium 100 <100 <100 <100 <100 <100 <100 <100
Hydrogen 25 18 23 20 23 17 20 16
Oxygen 1160 1300 1220 1210 1220 1260 1150
Lead < 5 < 5 < 5 < 5 < 5 < 5 < 5
Magnesium <10 <10 <10 <10 <10 <10 <10
Manganese 50 <10 <10 <10 <10 <10 <10 <10
Nickel 70 <10 <10 <10 <10 <10 < 10 <10
Nitrogen 65 50 50 50 40 40 50 50
Silicon 120 70 80 70 70 70 70 80
Thorium < 4 < 4 < 4 < 4 < 4 < 4 < 4
Titanium 50 < 20 < 20 < 20 < 20 < 20
Tungsten 100 < 40 < 40 < 40 < 40 < 40 < 40 < 40
Uranium 3.5 < 1 1 2 1 2 2 1
Vanadium < 20 < 20 < 20 < 20 < 20 < 20 < 20

a. Inductoslag

melting heat number.



TABLE 1.4. Ingot Hardness of Inductos1ég-Me1ted Zircaloy-4

Determined for Inductoslag Melting

Ingot Hardness ASTM B-350

Specified by
gla)

Brinell hardness 200 185

a. Inductoslag melting heat number.

Zircaloy. A1l the ingots met the

required ASTM B-350 ingot specifica-
tions. A maximum concentration of
fluorine impurity is not specified
in ASTM B-350.

analysis of Zircaloy cladding melt

A previous fluorine
stock was 7 ppm. These results in-
dicate that the CaF2 slag may be
adding 7 to 50 ppm fluorine to the
melted ingots.

The corrosion resistance of zir-
conium alloys made from fuel cladding
residues affects the potential leach-
ability of the alloy ingots. The par-
ticular alloy made from waste cladding
depends on the degree of cleaning and
separation and on varying manufactur-
ing parameters which produce too many
alloys to reasonably test every com-
bination. A selection of various
alloys produced to date was made on
the basis of materials concentrations
representative of cladding residues
that were 1) separated, 2) separated
and cleaned, 3) unseparated, 4) un-
separated but only partially melted,
and 5) partially separated and par-
tially melted. Initial corrosion
tests (400°C, 1500 psi; 360°C,

REFERENCES

1. A. M. Platt, compiler, Nuclear
Waste Management Quarterly Progress

Report, January through March 1978.
PNL-2378-1, Pacific Northwest Lab-
oratory, Richland, WA, August 1978.

Heats
8 9 10 115 17
189 185 186 184

3000 psi) have been completed, and
the results are shown in Table 1.5.
Further corrosion testing in ground-
waters at various temperatures is in
progress.

The weight gain and appearance of
samples exposed to the two corrosion
conditions indicate that the presence
of 0.5% and 1% oxygen from absorbed
corrosion product layers had less
effect on the short-term corrosion
resistance in water than in steam.
Alloys 534-8, 534-21, and 534-13 were
heterogeneous metals, essentially some
unmelted Zircaloy, stainless steel,
and Inconel potted in a eutectic alloy.
This potted material tended to retain
etching solutions at occasional cracked
interfaces; a typical white corrosion
product was produced at these inter-
faces. Previous experience with such
"acid staining" of Zircaloy indicates
that the staining's effects are miti-
gated with time. Even with the uncer-
tainty of the potted material, it
appears that 5% alloy (534-21) is less
corrosion resistant than the 10% alloy
(534-14) or the 15% alloy (534-8).

2. A. M. Platt, compiler, Nuclear
Waste Management Quarterly Progress
Report, April through June 1978.
PNL-2378-2, Pacific Northwest Lab~
oratory, Richland, WA, August 1978.




TABLE 1.5. Comparison of Various Zirconium Alloys Corrosion-Tested
in Steam and Water
Weight Gain During Corrosion,(c)
mg/ dm
Steam (400°C, Water (360°C,
(a,b) 1500 psi, 3000 psi,
Alloy # Alloy Type'“?® 72 hr) 13 days) Remarks
-- Unmelted standard 14.8 - 15.3 15.3 - 15.7 - Typical black shiny
Ir-2 sheet 16.0.
43] Zircaloy-4 20 15 Typical black shiny
analyses 0.3% 02
529-18 Zircaloy-4 + 0.5% 02 29 19 Al1 black--some dull
areas
529-12 Zircaloy-4 + 1% 02 77 20 Black with few small
white streaks on steam
test
9-5-74 85% Zircaloy-4 Dull--dark grey
10% Stainless Steel 304 59 109 (completely melted in
5% Inconel 718 graphite crucible)
534-8 85% Zircaloy-4 Dull--rough--dark grey
10% Stainless Steel 304 43 48 (not completely melted)
5% Inconel 718
0.5% 02
534-21 95% Zircaloy-4 Light grey--rough--sey-
5% Inconel 718 181 135 eral white spots and
A0.5% 02 streaks (not completely
melted)
534-13 90% Zircaloy-4 Medium grey--rough--
10% Inconel 718 80 81 white streaks at some

0.5% 0,

potted metal interfaces
(not completely melted)

a. A1l alloys except Zr-2 sheet and 9-5-74 were "Inductoslag" melted ingots.
b. Percentages given are weight percent.
c. Samples etched in 39 vol% HN03—4 vol% HF before exposure.






2.0 MONITORING METHODS FOR PARTICULATE AND GASEQUS

EFFLUENTS FROM WASTE SOLIDIFICATION PROCESSES

R. W. Goles - Project Manager

The objective of thia program is to develop reliable and accurate
techniques for process monitoring and stack emission monitoring for
future waste solidification facilities.

SUMMARY

Process line modifications have
been completed, and deployment of
the sampling network has begun.
Operational testing of laboratory-
based equipment has been done.

SAMPLING SITE

A1l necessary modifications to
the process off-gas line, P0G-88,
required by this monitoring program
were completed during this reporting
period. Sampling lines were run from
P0G-88 to Room 147 of the 324 Build-
ing, where they were linked to a pre-
viously installed gas handling mani-

fold. Installation of sampling net-
work components also began during
this period.

LABORATORY PREPARATION

We sampled background levels of
selected isotopes of interest and suc-
cessfully analyzed them in the labo-
ratory. This exercise served not
only to establish baseline values for
certain important radionuclides, but
also allowed operational problems to
be solved prior to the actual sam-
pling campaign. This work indicated
adequate analytical capability and
sensitivity for these isotopes.






3.0. TRU WASTE IMMOBILIZATION PROGRAM

C. R.

Palmer - Project Manager

The objectives of this program are to determine the degree of
immobiligation that may be necessary for the acceptable disposal
of transuranic waste residues, and to develap product and process
technologies to provide such immobilization.

SUMMARY

Several transuranic waste residues
were identified as candidates for ap-
plication of high-level waste immobil-
ization technology, and chemical
compositions were developed for these
residues. Laboratory-scale experi-
mental programs were designed to:

a) develop near-term borosilicate
glass formulations for use in process
development; b) develop a generic
predictive model for glass component/
performance characteristics relation-
ships; and c) evaluate the feasi-
bility of sintered and ceramic waste
forms for these residues. Prepara-
tion for borosilicate glasses was
begun, and preliminary characteriza-
tion data for sintered ceramics were
obtained.

WASTE CHARACTERIZATION - D. K.
and C. R.

Davis

Palmer

The chemical compositions of sev-
eral transuranic waste residues were
defined during the reporting period;
these will serve as the initial basis
for experimental immobilization stud-
ies. These residues, shown in

Table 3.1, are generally the result of

incinerating typical combustible trash.

They were obtained from the litera-
ture or from communications with those
developing the particular waste han-
dling system.
soil composition labeled Z-9 is also
included in the listing. Ash compo-
sitions are highly dependent upon the
mixture of combustibles as well as the
incinerator design and operating con-
ditions, but this collection of data
illustrates some typical constituents
and the variability in composition
that an immobilization system must
accommodate.

Secondary wastes from decontamina-
tion of metal surfaces using electro-
polishing techniques were identified
and semi-quantitatively characterized.
An acid processing system for electro-
lyte recovery will generate a highly
concentrated solution of metal phos-
phates, the cations being those metals
removed from the decontaminated sur-
face. Fixation of this waste in a
phosphate glass matrix will be
studied next fiscal year.

GLASS DEVELOPMENT - C.
G. B.

W. Griffin,
Chick

Mellinger and L. A.

Initial experiments to develop

borosilicate glasses for several

The plutonium-contaminated



TABLE 3.1. Compositions of Transuranic Waste

Residues, wt%
RFP

RFP RFP
component  Blend!!)  Alphal!) mound PNL(D)  heet (3 spL z-9(4)
A1,0, 24.0 35.0  32.7  17.0 4.2 15.0 1.2
B,0, 1.6
Ba0 0.3 1.0
c 3.3 5.0 13.8  28.0 3.0 (a)
CaCl, 3.6 |
ca0 6.2 5.5 3.4 24.0 2.5
Caso, 1.6
Cr 0, 5.5 10.0 2.5 1.7
Cuo 2.3 0.1 0.3
Fe0l 6.1
Fe,0s 0.5 5.0 6.2 1.0
H,0 1.4 4.6 (a)
Ky0 0.3 1.1
KC1 1.3
MgO 3.4 8.2 1.3 6.0 2.4
Mo, 0.1
NaCl 2.6 5.0 1.8
Na,CO, 15.5 30.0
Na,0 0.8 0.6 2.4
NayPO, 2.1
Na,S0, 2.7 5.0
NiO 5.5 0.5
PbO 0.3
P,0s 1.2
Pu0, 2.5 680 mg/2
510, 36.0 0.0 30.5  34.2  43.0 16.0 5.4
Ti0, 5.8  16.6 3.0 18.0 1.7
Zn0 3.3 6.0
TOTAL 100.1 100.1  99.8 100.0  99.6  100.0 95.8

a. Reported as "volatiles," 13 wt% 1oss on ignition at
H20 and degraded organic solvents.

700°C; primarily



incinerator ashes have begun and will
The first will
be to develop glass frits which will
produce final glasses of chemical com-

follow two strategies.

position similar to the previously

developed high-level waste glass 76-
6g.(5)

are shown in Table 3.2.

Tentative frit compositions
Performance
characteristics will then be evalu-
ated for each waste glass system to
determine the degree of immobilization
achieved. Resulting glass formula-
tions will subsequently be used to
demonstrate the applicability of
large-scale high-level waste vitrifi-
cation equipment to low-level trans-
uranic wastes.

The second experimental strategy
will be more fundamental in nature.
This approach will involve prepara-
tion of a generic series of glasses
and determination of their perfor-
mance characteristics using a statis-

tically designed experimental matrix.

.3

These data will then be mathematically
modeled in an attempt to quantita-
tively relate component concentration
to dependent performance parameters,
such as leach resistance, homogeneity,
etc. The predictive value of such a
model will greatly enhance the devel-
. The
eleven glass components which will be

opment of future waste glasses.

parametrically studied are shown in
Table 3.3, and the range of vari-
ability is indicated.

SINTERED CERAMICS - J. M.
R. A. Wheeler

Rusin and

Two simulated waste compositions,
Rocky Flats Plant (RFP) Blend and
RFP Alpha (see Table 3.1;
were modified slightly to

compositions
make use of
reagent chemicals readily available),
were selected to evaluate the feasi-
bility of immobilizing such wastes

as sintered ceramics. Pellets about

TABLE 3.2. TRU Frit Compositions
Concentration, wt%

Frit 1  Frit 2 Frit 3 Frit 4 Frit 5 Frit 6 Frit7

(RFP (RFP {Mound)  {PNL) (RFP {SRL) (Z-9)

Blend) Alpha) Heel)
SiO2 38.1 64.7 46.1 57.3 32.8 57.2 20.9
8203 26.7 17.2 19.6 15.3 21.4 16.7 28.1
Na20 7.0 - 25.8 19.4 32.0 22.0 31.3
Ca0 5.6 3.6 1.6 - - - -
T1'02 8.3 5.4 - - 0.9 - 4.9
Zn0 14.1 9.1 6.8 8.0 13.2 4.1 14.8
TOTAL  99.8 100.0 99.9 100.0 100.3 100.0 100.0
Waste Loading,
wt% of
final
glass 64.4 44.8 51.6 37.8 62.2 43.1 66.2



" TABLE 3.3. TRU Waste Glass Components and
Constraints, Based on Final Composition Ap-
proximating Waste Glass 76-68

Constraints, mole %

Component Lower Upper
S1'02 42 58
8203 6 12
Na20 1 16
Mg0 0 8
Ca0 2 14
A1203 2 15
TiO2 2 7
Cr203 0 3
Fe203 0 3
NiO 0 3
ZnQ 0 6

1.6 cm (0.63 in.) dia by 1.3 cm
{(0.50 in.) long were formed by cold
pressing at 1.4 x 10° Pa (20,000 psi),
followed by sintering for 2 hr at
various temperatures.

Four series of samples were studied
for each waste composition:
1. no additives
2. glass frit additive*
3. silica additive (-200 mesh)
4. clay additive (bentonite).

The selected additives may improve
the durability of the final waste
form in these ways:

e increase sintering by providing a
vitreous phase (e.g., $i0, reac-
tions to form glass)

® increase consolidation by providing
a low-temperature matrix (e.g.,
coat particle with glass)

* pF 630% (=200 mesh), the 0. Hammel
Company, Carnegie, PA 15106.

3.

4

¢ produce stable crystalline phases

{(e.g., reaction of clay with waste).

Sintering characteristics were
evaluated by comparing weight Toss
and shrinkage/expansion of the sample
during sintering. Results for RFP
Blend are shown in Table 3.4 and for
RFP Alpha in Table 3.5.

When fired without additives, both
waste compositions exhibited consider-
able weight loss, and both expanded
at lower temperature sintering sched-
The RFP Blend did demonstrate
some shrinkage at 1000°C, and the RFP
Alpha also shrank at 1100°C.

Use of additives generally pro-

ules.

duced more acceptable pellets. 1In
general the silica and bentonite
(clay) additions produced the best
pellets but required higher tempera-
The frit was Timited to 700

and 800°C because of excessive melt-

tures.

ing and bloating (bubbles and expan-
sion caused by reactions) at higher
temperatures. The best pellets pro-
duced at 700 and 800°C were from the
RFP Blend-frit mixture. RFP Alpha
mixtures did not improve the sinter-
ing below 800°C.

Condensation of a vapor phase
(probably chromium) was observed on
the RFP Alpha silica mixtures except
for the 66%
1100°C. This pellet visually appears
to be the best of that series. The
RFP Alpha bentonite series produced

silica mixture fired at

good pellets except at 1100°C, where
excessive bloating was observed.

The RFP Blend-silica and RFP Blend-
bentonite series both produced accept-
some bloating

able pellets. Again,

and cracking were observed at 1100°C.



Continuation of this program will

involve measurement of density and

determination of crystalline phases

by x-ray diffraction (XRD).
pellets will be selected from each

Candidate

series for further characterization

by leach, volatility, and impact
tests.

Waste Incineration and

Fixation for Waste Management,

Production and Reprocessing Di

vi-

sion of the Department of Ener

9y

July-December, 1976. RFP-2655,
Rockwell International Atomics

International Division, Rocky Flats
Plant, Golden, CO, November 25,
1977.

G. F.

TABLE 3.4. Sintering Data for RFP Blend
Sintering Temperature, °C at Temp. 2 Hr
700 800 300 1000 1100
Additive T4 Wt % 4 Ht 4 Wt % A Ht % A Wt % A Ht £ 4 Wt % A Ht % A Wt % A Ht
No Additive -10.6 +4.3 -10.9 +2.7 -11.8 + 2.0 -12.5 - 5.6 -12.5 melted
50% Frit no (3 26 .73 2.7 N.D. - 5.3 melted melted melted melted
67% Frit N.D. -6.0 - 5.5 -9.4 N.D. +12.4 melted melted melted melted
50% silica - 6.1 +1.0 - 6.3 -2.9 - 6.8 - 2.5 - 7.0 -29.6 - 7.1 0
67% Silica - 6.3 +0.8 - 6.1 -2.3 - 6.8 - 30 -7 -30.6 - 7.0 -3.4
50% Bentonite -11.2 N.D. -11.8 +0.3 -12.0 - 0.4 -12.4 +27.6 -12.7 -3.8
67% Bentonite -10.9 -1.8 -11.5 -1.2 -11.6 - 4.7 -12.1 N.D. -12.1 -5.7
a. N.D. - Not Determined
TABLE 3.5. Sintering Data for RFP Alpha
Sintering Temperature, °C at Temp. 2 Hr
700 800 9 1000 1100
Additive ¥ ANt % A Ht ¥ A MWt % & Ht ¥ ANt % & Ht % A Wt % A Ht % A Wt % A Ht
No Additive -15.8 +8.1 -16.0 +5.6 -11.8 +7.3 -18.4 +7.7 -20.0 -15.3
50% Frit N.D.(a) 4.7 - 9.3 melted melted melted melted melted melted melted
67% Frit N.D. -3.5 - 6.8 +6.3 melted melted melted melted melted melted
50% Sk]ica - 7.7 +3.0 - 9.3 -5.1 - 9.2 -8.3 - 9.4 -6.5 -10.2 +34.5
67% Silica + 1.2 -4.7 - 1.5 -5.1 - 0.5 -5.8 - 6.6 -9.6 - 0.8 - 7.2
50% Bentonite -13.9 +0.9 -14.2 +0.9 -14.7 -1 -15.1 +0.9 -15.4 + 2.3
67% Bentonite -12.7 +0.3 -13.6 o] -13.8 -5.1 -13.8 N.D. -14.3 +14.4
a. N.D. - Not Determined
REFERENCES
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4.0 KRYPTON SOLIDIFICATION

G. L. Tingey - Project Manager

The objective of this program is to develop alternative tech-
niques for storing radicactive krypton in a solid matriz. Two

techniques are currently being investigated:

dissolution of

krypton in low-density glass followed by densification at high
temperature and entrapment of the krypton in solids during ion

sputtering.

SUMMARY

Release of krypton from sputter
deposited amorphous Fe.87 Y.]3 shows
a mechanism similar to that of high-
85Kr
from a metal sample was calculated to
be 0.07% of the 85
years at 200°C and 12% released in
that period at 300°C.
retention should be more than ade-

temperature release. Release of

Kr released in 100
This krypton

quate for radioactive krypton stor-
age.

Krypton solubility measurements
in Tow-density glass under 347 atm.
pressure of krypton heated to 840°C
and held for 4 hr show krypton con-
tents from 2 to 3 cm3 of Kr(STP)/gm
of glass. These loadings now appear
to be sufficient for krypton storage.
Furthermore, preliminary measurements
of the release characteristics of
such samples indicated even better
retention than observed for the
sputter-deposited metals.

KRYPTON ENTRAPMENT DURING SPUTTERING -
G. L. Tingey, M. A. Bayne,
E. D. McClanahan and P. J.

Raney

We have demonstrated earlier that
krypton gas can be trapped in

sputter-deposited metal matrices.

As reported in a previous quarterly
report,(])
metals may contain higher than 10 at.%

krypton.

sputter-deposited amorphous

Krypton release measure-
ments have also been reported(z)
which showed two types of release,
one attributed to normal diffusion
through the metal and a second which
released at low temperatures more
rapidly than expected from the dif-
fusion mechanism.

During this quarter we have mea-
sured the long-term low-~temperature
release rate of a sample of krypton
loaded 87% iron, 13% yttrium which
sputtered as an amorphous metal. In
this study the sample was held at
various temperatures for several days
and the release rates determined as
a function of time. It was observed
that the initial, relatively high
rate was transitory and would de-
crease with time to an apparent
steady~state rate after several hours.
The steady-state rates appear to
agree well with the extrapolated rate
from the higher temperature release,
and are thus considered to be releas-
ing via the same mechanism as at high
temperature. The release rates of the

sample are shown in Figure 4.1. This
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rate is plotted as a function of tem-
perature and fits the equation:

d[KrR]

—__R° (1)
dt

- 345e'27’000/RT[Kr(S)]
where d[KrR] is the krypton release
rate of the sample at temperature T
in units of moles of krypton released
per minute. R is the gas constant
and has the value of 1.987 calories/
mole/degree. Kr(s) is the moles of

krypton contained in the sample.
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FIGURE 4.1. Krypton Released from a

Sample of Sputter-Deposited
Fe.-g2Y-12Kr.gs as a Function of
Temperature

It is of interest to determine the
extent to which radioactive krypton
(85Kr) would be released from a sam-
ple over a long time, taking into

account the decay of the 85Kr. The

2

85Kr concentration in a sampie at

any time, t, can be expressed by the
equation:

85

KY‘(S) = (2)

85 Kr in

is the moles of 85
85Kr(s)0 is the

0, and A is the radio-
active decay constant equal to

1.22 x 1077 1. substitution of
equation 2 into equation 1 and integra-
tion with respect to time from 0 to t

yields the expression

where Kr(s)
the solid at time t,
moles att =

min."

85
Krp -27,000/RT [l
X

5% = 345 - e'*t].
KY‘(S)
0

X
(3)

Using the expression the fraction of

85Kr released ‘during time t can be

calculated for any sample temperature.

For example, 0.07% of the 85Kr would

be released after 100 years from a

sampie held at 200°C, and 12% would

be released if the sample temperatures

were maintained at 300°C for 100 years.
Although these data are somewhat

preliminary, they show more than ade-

quate krypton retention properties

for storage of 5Kr for the long

term.

KRYPTON DISSOLUTION IN LOW-DENSITY
GLASS - W. J. Gray, G. L.
K. R. Wheeler

Tingey and

Krypton dissolution in low-density
glasses followed by sintering of the
glass to prevent rapid release of the
krypton was studied at near 1 atm
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krypton pressure and reported in a
previous quarterly report.(3) These
experiments showed a satisfactory
krypton content, but the long extrap-
olation to useful pressures (~2000
atm.) provided the incentive to study
the dissolution at higher pressures.
During this quarter, we have dis-
solved krypton in a low-density 5102-
based glass and in a lower melting
glass. These samples were heated at
a rate of about 200°C/hr to 840°C at
a pressure of 347 atm. krypton and
held at this temperature for 4 hr to
densify the samples. The samples
were then cooled under pressure and
krypton release measurements per-
formed in vacuum as a function of
temperature.

The S1'02 glass contained 2.16 cm

of Kr(STP)/g of S1'02 and released

3

REFERENCES

1. M. A. Bayne, E. D. McClanahan,
G. L. Tingey, E. N. Greenwell,
and R. W. Moss, "Krypton Entrap-
ment During Sputtering.” Nuclear
Waste Management Quarterly Progress

Report January Through March 1978,
PNL-2378-1, August 1978.

2. M. A. Bayne, E. D. McClanahan,
G. L. Tingey, E. N. Greenwell,
and R. W. Moss, "Krypton Entrap-
ment During Sputtering," Nuclear
Waste Management Quarterly
Progress Report April Through
June 1978, PNL-2378-2, November
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less than 1% of the krypton below
600°C.
densified more completely than the
5102, yet it contained 2.97 cm3 of
Kr(STP)/g of glass and retained
99.95% of the krypton to 890°C.

If the krypton solubility is con-

The Tow-melting glass was

sidered to be linear to 2000 atm.,

the krypton content would be 12.5

and 17.1 cm3 of Kr(STP)/g of glass

for the SiOz—based and the low-melting
glass, respectively. These loadings
appear satisfatory for storage of the
krypton. Furthermore, based on the
release characteristics measured,
release of krypton in glass appears
to be even lower than that observed
in metal matrices. Further studies
are required to determine the long-
term, low-temperature release behavior

of these samples.

3. W. J. Gray and G. L. Tingey,
"Krypton Dissolution in Low-
Density Glass."” Nuclear Waste
Management Quarterly Progress
Report January Through March
1978, PNL-2378-1, August 1978.
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5.0 CARBON-14 AND IODINE-129 FIXATION

L. L. Burger - Project Manager

The objective of this program is to develop and demonstrate the tech-

nology needed to safely and effectively immobilize 1291 and 14

from treatment of irradiated fuels.

SUMMARY

Significant factors influencing
the iodate leach rate from Portland
type 111 cement have been statisti-
cally isolated from 17 factors
screened in a Plackett Burman Screen-
ing Analysis. Temperature, CO2 con-
centration in the leachate, and con-
centration of fixation material, cat-
ion common to the fixation material
and silver nitrate in the cement
matrix showed the more consistently
significant effects.

A system was constructed and
tested for loading iodine onto metal-
exchanged zeolites and recycling the
zeolite by stripping off the loaded
iodine with hydrogen. Results com-
parable with previously reported
studies were obtained.

Additional tests on iodide-iodate
conversion were conducted to evaluate
oxidation and to determine the effect
of hydroxide concentration on ozone
oxidation of iodide. The electrolytic
method converted 98% of the iodide to
iodate. Preliminary results indicate
that hydroxide concentration affects
the final oxidation state of iodine

in an ozone environment.

C released

LEACHABILITY STUDIES - K. D. Wiemers

One method of immobilizing ]291

involves conversion to some stable,
insoluble solid compound of jodine
followed by incorporation of the com-
pound in Portland cement. To evalu-
ate the feasibility of this storage
form, tests on the leachability of
iodine from cement are being conducted.

(1,2) have described

Previous reports
the results of Phase I and the experi-
mental parameters of Phase Il of the
leachability studies. The follawing
discussion describes the results of
Phase 11, a 17 factor x 28 trial
Plackett Burman Screening Ana]ysis.(3)
In this analysis the effect which
cement composition, leachate composi-
tion, and fixation material had on the
leach rate of iodate from cement were
investigated.

To determine the effects of the 17
factors studied as a function of time,
the iodate leach rate was tabulated
daily. With the initial amount of
iodate in the Specimen, A., the incre-
mental amount of iodate leached, as
the specimen’'s geometric volume, V,
surface area, A, and weight, M, and

the leach period, t_, all known, the

n
values shown in Table 5.1 were computed
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TABLE 5.1. Leach Data Computed
Description Symbo1 Units
Cumulative amount iodate Za, mg I
1eached
Cumulative fraction iodate Ia,
leached A, dimensionless
Normalized cumulative fa, V
fraction jodate leached o S cm
Incremental leach rate a M 1
A St
n cm~/day
a V1 cm
RS T, day

The incremental
leach rate, cm/day, was selected as
the dependent variable for the statis-

for each trial.

tical analysis because it was indepen-
dent of prior leach data and normal-
ized for both the volume and surface
The Plackett
Burman screening design was applicable
to the data from the first 15 days of
leaching.

area of the specimen.

A programmable calculator
was used to perform the statistical
computations.

In the statistical analysis a value
for each factor effect was computed
effect values from
established the
of the factors.
the factors ob-
the top five fac-
These

daily. Ranking the
largest to smallest
relative importance
Reported are all of
tained by selecting
tors from these daily rankings.

factors were retained for further
evaluation as recommended for the

(3)

Ranked factors which were statistically

Plackett Burman screening procedure.

significant at a 95% confidence level
were temperature, concentration of
carbon dioxide and sulfate in the
fixa-

leachate, and concentration of

tion material, silver nitrate, benton-
ite, aluminum chloride, and cation

common to the fixation material in

the cement matrix. The remainder of
the ranked factors, which were not
statistically significant, were fixa-
tion material solubility, concentra-
tion of calcium in the leachate, con-
centration of barium in the cement
matrix, application of a commercial
dressing or sodium silicate coating,
and curing time. Figure 5.1 provides
a representation of the relative
importance of these factors as a func-
tion of time. The most consistent
effects were observed with temperature,
concentration of CO2 in the leachate,
concentration of the fixation material,
cation common to the fixation material,
and silver nitrate in the cement
matrix, as described below:
® Increasing temperature increased
the leach rate of iodate from the
cement matrix. This effect was
greatest during the first 7 days
of leaching. The temperature levels
in this study were ambient and 75°C.
e Increasing the concentration of CO2
in the leachate decreased the leach
rate of iodate. The effect was
largest during the first 9 days.

The initial concentration levels

for C02 in the leachate were 0 and
0.04 M.
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FIGURE 5.1.

¢ Increasing the concentration of
fixation material in the cement
sample increased the leach rate.
The effect was greatest after the
third day. Concentration levels
were 0.137 and 0.686 mmole iodate/
g cement.

@ Adding silver nitrate to the cement
matrix decreased the leach rate of
iodate. The effect became signifi-
cant after 4 days. Concentration
levels were 0 and 0.014 mmole sil-
ver ion/g cement.

e Adding to the cement matrix a
cation common to the fixation mate-
rial did not result in the predicted
retardation. Between the fourth

and thirteenth leaching days cation

Significant Factor Effects

addition increased the leach rate.

The levels of cation addition were

0 and 0.686 mmole cation/g cement.

The remaining factors had effects
which were either of short duration
or of irregular occurrence. Solu-
bility of the fixation material was
important during the first 2 days of
leaching: increased
with increasing solubility of the
fixation compound. Concentration of
calcium in the leachate was important
during the third, fourth, and

eleventh leach days:

iodate leach rate

increased con-
centration of calcium in the leachate
Ranked
factors showing no obvious trend

increased the leach rate.
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were concentration of barium and ben-
tonite in the cement matrix, applica-
tion of commercial dressing or sodium
silicate coating, concentration of
sulfate in the leachate, and curing
time.

Although the data were presented
as if each factor were isolated, inter-
pretation of the real cement/iodate
leaching system should consider each
factor as an integral part of the
total system. Explanation of the
effects of the more important and
consistent factors observed will be
The

following comments on these effects

discussed in a topical report.
are largely conjecture. In these
comments a positive effect corresponds
to an increased leach rate, and a
negative effect to a decreased leach
rate.

The positive effect of temperature
on the leach rate of iodate from a
cement matrix is consistent with solu-
bility, diffusion, and cement stabil-

4)

required to define the mechanisms.

ity phenomena. Further study is
Evidence suggests that requlation of
is
important and that temperature cri-

teria may need to be established for
129

temperature during leach studies

I storage in cement.

The negative effect of CO2 concen-
tration in the leachate on the leach
rate of iodate from cement may result
from pore-filling or coating actions
of carbonate salts. These results
suggest that a carbonate pretreatment
for cement containing the iodine fixa-
tion form may reduce the iodate leach

rate and thus provide a more stable

storage form.

4

The positive effect of iodate con-
centration on the leaching of iodate
from cement suggests that a compromise
may be required between the resistance
to leaching and the amount of fixation
material encapsulated.

Addition of silver nitrate to the
cement matrix causes a negative effect
This
cates that silver ions may trap free

on the iodate leach rate. indi-
iodate resulting from solubility and/
or exchange processes. The effective-
ness of this factor warrants further
investigation.

The addition of common cation to
the cement matrix caused an unexpected
effect on the leach rate of iodate.
This may be due to interference of the
excess of the salt with the cement
(4) This effect dem-
onstrates the interaction of the

ions
curing process.

cement system with basic leaching
phenomena. It suggests the need to
avoid adding large amounts of ions
uncommon to the cement matrix.
From the leach data collected

this study specific values can be

in

extracted and compared with previously
By the fif-
teenth day of leaching, 0.02 to 2.05
wt% of the iodate had been leached
from the specimens and the incremental

performed leach tests.

leach rate for that day ranged from
0 to 2.23 x 10”3 cm/day.
similar iodate leach rate expressions

Values for

extracted from data collected by Oak
Laboratory (ORNL) were
0.44 wt% and 2.4 x 1072
differences between

Ridge Hational

in the range of
cm/day.(s) The
the ORNL values
obtained in the

and the lowest values
screening test sup-

port the concept of decreasing the
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leach rate by optimizing the most

influential factors.

Future studies to be conducted
include:

e extended-time leach study to estab-
1ish predictability curves for ex-
trapolation to long-term storage

® a response surface analysis to
establish predictability curves
for temperature, concentrations of
CO2 in the leachate, and concentra-

tion of fixation material and silver
nitrate in the cement matrix.

@ screening test to determine factors
affecting the leach rate of iodide
fixation materials in cement

e screening test to determine fac-
tors affecting the leach rate of
carbonate fixation materials in
cement.

IODINE TRAPPING - K. D. Wiemers

A system was constructed and
tested for loading iodide onto metal
exchanged zeolites followed by re-
cycling of the zeolite bed by regen-
eration with hydrogen. This work was
the initial phase in continuing the
extensive tests of different metal-
exchanged zeolites for trapping iodine
from dissolver off-gas performed at
the Idaho National Engineering Labora-
tory (1neL).(8+7)
studies of both the characteristics

Future work includes
of methyl iodide loading onto reduced
metal zeolites and various stripping
techniques. The data described below
are to provide a reference point for
these investigations.

The iodine loading apparatus was

(2)

In the iodine stripping system nitro-

described in a previous report.

gen and 100% hydrogen were plumbed

to the reaction vessel to purge the
system with nitrogen and then replace
The in-
fluent gas was preheated in a U-tube
and passed into the bottom of the re-

the nitrogen with hydrogen.

action vessel. This arrangement pro-
vided an iodine stripping operation
countercurrent to the iodine loading
process. The hydrogen iodide in the
effluent was trapped with 0.1 N NaOH
scrubbers. A coldtrap downstream from
the scrubbers removed water from the
effluent to prevent condensation's
forming in the exhaust flowmeter. An
iodide-specific ion electrode was used
to analyze the scrubber solutions.
This analytical method had a detec-
tion limit for our collection system
of 2.5 ppb HI (g) by volume.

Studies of the flow rate and column
indicated that the iodine

loading capacity could be significantly

dimensions

increased over those previously re-
ported(3)
At this depth the iodine loading ca-

by using a 10-cm bed depth.

pacity at room temperature face veloc-
ities of 5.1 and 15 m/min did not vary
significantly. Reproducibility of
the INEL iodine loading and stripping
data(]’z)
criteria for these parameters.

The testing conditions for both

provided the acceptance

the iodine loading and iodine strip-
ping processes are given in Table 5.2.
Silver-exchanged (18.2%) mordenite,

in the form of 1/16-in.
dates was used in this study.

The results for the iodine loading

Agm, extru-

are best discussed in terms of the
instantaneous decontamination factor
as a function of loading capacity
(Figures 5.2 and 5.3).

begin at a loading capacity correspond-

The curves

ing to the minimum time required to
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TABLE 5.2. Experimental Conditions
lodine Loading lodine Stripping

Run order(a) 1 3 2
Dry bed wt, g 45.0 (b) (b)
Bed diameter, cm 2.5 2.5 2.5
Bed depth, cm 10.0 10.0 10.0
Bed temperature, °C 150 150 500
Carrier gas Air Air Hydrogen
Face velocity, m/min 5.1 . 5.1 5.1
Average I concentration, 2.0 1.5 0.0
g/m3

Average H20 (g) concen- 7 7 0
tration, %

Pretreatment (c) (d) (e)

.a. The Agm was exposed to the following sequential runs:
1) iodine loading, 2) iodine stripping, and 3) iodine
reloading.
b. To maintain distribution of mordenite material, the weight
was not determined prior to these runs.
c. The Agm was exposed to air containing 7% Ho0 at a flow rate
of 2.5 2/min for 23 hr at 150°C.
d. Mordenite material was loaded and stripped under given
conditions.
e. Mordenite material was loaded with iodine and exposed
to dry nitrogen for 2 hr at 300°C.
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FIGURE 5.2. Run 1: Iodine Loading onto Silver Mordenite



recover the first effluent sample.
Figure 5.3 is shifted to the right
because the iodine previously loaded
and not stripped was included in the

5.
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loading capacity. Table 5.3 sum-

marizes these data.

During the first run the silver-

exchanged mordenite was loaded to

109 mg I/g Agm.

TABLE 5.3. Iodine Loading Results

Maximum I, Loading,

mgl/gm Agm
Run Number'®)  DF>103 DF>10°
1(b) 42 82
3lc) 118 160

C.

a. Defined in Table 5.1(a).

b.

The Agm used for Run 1 was pre-
treated with air containing 7%
Hp0 at 150°C for 23 hr.

The Agm used for Run 3 was not
removed from the reaction vessel
since Run 1. [Its "pretreatment"
therefore consists of all the
previous runs.

This corresponds to

120 160 200
mg I/g Agm

Iodine Loading onto Recycled

a decontamination factor of 4. The
amount of indine physically absorbed
was calculated from the iodine trapped
in the caustic scrubber during the
nitrogen drying period. During this
period 0.6% of the total iodine loaded
on the silver-exchanged mordenite was
removed. The increase in loading
capacity (from 42 to 118 mg I/g Agm

at a DF of 10°) observed during Run 3
may be due to the reduction and/or
migration of the silver during the
iodine stripping process.(g)

The results for the iodine strip-
ping are presented in terms of the
desorption rate of hydrogen iodide as
a function of the amount of iodine
removed from the iodine-loaded silver-
exchanged mordenite (Figure 5.4). The
average HI strip rate was 2.1 mg HI/
min-cmz, occurring when 27 to 70% of
the loaded iodine had been removed
from the silver-exchanged mordenite.

A sharp decrease in the HI strip rate
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was observed after 70% of the loaded
iodine was removed from the silver-
exchanged mordenite. The stripping
process was terminated when 80% of
the loaded

silver-exchanged mordenite.

iodine was removed from the
The HI
strip rate at termination was 0.2 mg
I/min-cm2

IODIDE TO IODATE CONVERSION -
R. D. Scheele

Additional experiments were per-
formed to evaluate electrolytic oxi-
dation of iodide to iodate and to
determine the effect of hydroxide
concentration on ozone oxidation of
iodide.

The electrolysis was performed
using a technique similar to that
Willard and
for conversion of

developed by H. H.
R. R. Ralstont?)
iodine to iodate. In our work the

anodelyte was 0.8 M HC1 and 0.1 M KI,
and the cathodelyte 2 M_HNOa. Plati-
num disks were used for both elec-

trodes. The electrolysis cell con-

sisted of two compartments separated

Neither
The mecha-

by a porous Pyrex glass frit.
compartment was sparged.
nism and reasons for selection of the
anodelyte and cathodelyte are dis-
cussed by Willard and Ralston.

The cell was operated for 1.6 hr
at a current density of 0.1 amp/cm2
At the end of this period 98% of the
iodide was converted to iodate as
determined by iodiometric titration;
8% of the iodate was found
cathode solution.
were

in the

Two oxidation steps
observed: 1) the iodide conver-
to iodine and 2)
to iodate.
iodine precipitated out on the

anode.

sion jodine conver-

sion During the experi-
ment
Iodine was also present in the
vapor above the solution. As the io-
dine was oxidized, the iodine in the
vapor phase redissolved; thus no io-
dine was lost due to vaporization.
Possible methods for retarding iodine
volatilization include increasing the
HC1 concentration and/or operating at
lower temperatures.

As mentioned in the previous quar-
terly report, ozone oxidation of io-

dide requires a pH >7 to prevent
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iodine volatilization. The two ex-
periments described here were performed
in 0.05 and 0.01 M NaOH. The iodide
concentration was 0.1 M. TIodiometric
titrations were used for determining
the iodide oxidation products. For
both experiments the ozone concentra-
In the

first experiment the product was a

tion was 4.5 mole % in air.
mixture of iodate and periodate; a
white precipitate began forming at an
ozone-to-iodine mole ratio of 18.

The experiment was terminated at an
ozone-to-iodine mole ratio of 90. 1In
the second experiment iodate was the
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6.0 INTERNATIONAL PROGRAM COORDINATION

K. M. Harmon - Project Manager

Develop and maintain an information system covering nuclear waste
management R&D Programes and technology in other nations, for use by
U.S. government agencies and DOE contractors.

Collecting, review, summarizing Research and reference services were
and cataloging of significant foreign provided to DOE and contractor per-
travel reports, technical documents, sonnel upon their request.

and other publications continued.






7.0 WASTE MANAGEMENT SYSTEM STUDIES

J. V. Robinson - Program Manager

The objectives of this program are to evaluate alternative systems
for treatment and disposal of radioactive wastes and to develop infor-
mation required to ensure effective communication with the public.

SUMMARY

A seismicity catalogue was compiled
of approximately 5500 earthquakes in
the Pacific Northwest.
release maps were constructed for the

Seismic strain

Hanford area, Washington State, the
Pacific Northwest, the continental
U.S., Alaska, and the world. A map
showing all known faults in the State
of Washington and another locating
all rivers and lakes in Oregon were
constructed. Geologic field investi-
gations of a 270-km-long photolinea-
ment in the States of Washington and
Oregon were completed and preliminary
conclusions reached regarding the
photolineament's geology.

The feasibility of using kriging
to characterize geologic waste reposi-
tory sites has been demonstrated.

Work was begun in developing a
suitable analytical framework for the
systematic analysis of waste manage-
ment issues by an interdisciplinary
(technical and nontechnical) team.

Draft reports were completed on
print media coverage of nuclear and
coal issues; the relationship of human
values and attitudes to nuclear power/
nuclear waste issues; DOE's communica-
tion process; and public attitudes
toward waste disposal facilities.

DATA BASE DEVELOPMENT FOR NUCLEAR
WASTE MANAGEMENT - H. P.
T. N.

Foote and

Bishop

‘This work is aimed at providing
data and methods to quantitatively
address technical factors such as
seismic stability that are a concern
in Ticensing and safety analysis pro-
cedures for waste repositories.

Present work is developing the data
base and computerized capability to
manipulate the data for practical
applications,

Seismic Data Base

A seismicity catalogue for the
Pacific Northwest was compiled this
quarter. Our various data bases (pri-
marily National Oceanic and Atmospheric
Administration (NOAA); Canada; and
Woodward-Clyde) were merged to form a
total of 8500 earthquakes in the region
of 41°N to 52°N and and 103°W to 135°W.
Roughly 3000 duplicate events were sub-
sequently identified and discarded,
using the programs AUTO and DOOP.

Maps at a scale of 1:500,000 were
plotted with symbol size a function

of magnitude. These maps, along with
the listings of the events in the

catalogue, were sent to the Army Corps



7.

of Engineers in Seattle for use in
their Dam Safety program.

A seismic strain release map was
made for the Pacific Northwest using
these data. Benioff, in 1952,
lated that strain release, related to
fault displacement at the time of the

postu-

earthquake, is proportional to the
square root of its energy release.
The energy, E, can be related to sur-
face wave magnitude (Ms) using the
equation given by Richter (1958):
1og]0 E=11.4 + ].SMS where

E is in ergs
Often, however, MS
other magnitudes or noninstrumental

(1)
is unknown, and
data such as intensity or felt area
must be used to solve for the energy.
Using the Pacific Northwest data, the
following relations were derived:

MS = ].88mb -4.65 (mb is body

wave magnitude

= 0.75M + 1.28 (ML is
local magnitude)
1.22 1og]0A -0.50 éA
is felt area in km“) for
events east of 120°W
1.47 ]og]OA -1.53 for
events west of 120°W
0.667 I, + 1 (I0
maximum intensity on the

(2)

My
(3)

(4)

(5)

is

Mercalli scale) (6)

Energy was calculated for each of
the earthquakes using eqguations (1)

through (6).

map projection was chosen, a grid

Then the appropriate

system set up, and the energies of
the earthquake in each square were
summed. The summed energy grid was

smoothed, logarithms were taken, the
data were contoured and printed on a
color-contoured map. The zones of
high seismic activity show up well in

red and yellow. The most active areas

2

seem to be the Blanco fracture zone,
the Gorda Ridge, the Mendocino frac-
ture zone, and the Queen Charlotte
Islands fault offshore, and the Puget
Sound-Willamette trough and the Rocky
Mountains on land.

Additional strain release maps of
the Hanford area and of the State of
Washington were constructed using
microseismic data from 1969-1978.
Strain release maps of the continental
United States, Alaska, and the world
used edited data from the NOAA data
base. These strain release maps have
been studied carefully, and .conclu-
sions will appear in a final report.

Mapping and Geographic Data Base

A composite fault map has been
compiled for the State of Washington
from five sources:

1. State of Washington Department of
Natural Resources Geologic Map of
Washington - 1961

2. Geologic studies of Columbia River
Basalt Structures and age of Deforma-

The Dalles-Umatilla region,

Washington and Oregon, Boardman

Report ID PJB by

1973.

tion,

Nuclear Project,
Shannon and Wilson, Inc.,
Washington fault map
Geologic Reconnaissance of the Cle
ETum-Wallula Lineament and Related
Structures, Shannon and Wilson, Inc.,
1977.
5. Tectonic map from Shannon and
report on WPPSS

1 and

Wilson, Inc.,
Nuclear Project units No.
4, 1977.
The faults were digitized in three
categories:

e known faults



e inferred faults
e concealed faults.

These maps provide better cover-
age in the central and eastern por-
tion of the state than in the west.
There is also a range of accuracy and
scale represented by this sample of
maps. However, many of the better
and the
composite map can be upgraded in

known faults are covered,

local areas where the information is
available. In making the composite
map, duplicate fault coverage was
eliminated by retaining what is
thought to be the most current and
Sources 2
and 4 were ranked best, followed by
5, 1 and 3. Figure 7.1 is a plot of
the level 1, faults. The

remaining levels of faults could be

detailed interpretation.

or known,

plotted separately or added in dif-
ferent colors.

The compilation of the high-resolu-
tion Oregon map from the 1:250,000-
scale series USGS maps has been com-

7.

pleted. There are two composite files:
File 1: coastlines, lakes,
islands at three levels
of detail
File 2: rivers at four levels of

detail plus canals.
In both files the point spacing cor-

responds to about 600 ft on the ground.

Figure 7.2 is a plot of all river and
Every fifth
point was plotted in this case because
of the small scale. More of the
points would be used for a larger

lake levels for Oregon.

scale map.

- Two new computer programs (ERGMAP,
ERGPIC) were written to produce the
The
first program (ERGMAP) reads a binary

seismic strain release maps.

file containing the earthquake loca-
tions and energies. The events are
averaged on a grid appropriate to the
The

map may be interpolated to a finer

size of the region considered.
spacing and smoothed. Several com-
monly used projections may be selected
for the output map. The second pro-
gram (ERGPIC) generates the color-
coded hardcopy image on the DICOMED
digital Additionally,
the program computes the map scale and

image recorder.

other parameters required for the geo-
graphic overlay. The overlay map is
produced with the main mapping pro-
grams as a standard plot file. This
file is combined on the DICOMED nega-
tive to form the complete map. Any
of the available geographic files
could be overlayed in this step.

the Washington fault map

For
example,
could have been added to the energy
release map. The final result is one
color negative that may be printed at
the desired scale.

We are presently preparing a report
on the current status of the GEOMAP
system of programs and data bases.

It will contain detailed descriptions
of the programs and provide examples
of the output products produced to
date.

GEOLOGIC INVESTIGATIQNS IN THE
NORTHWEST - G. A.
W. M. Phillips

Sandness and

The purpose of this research pro-
gram is to identify and evaluate
major photolineaments* in the

* A photolineament is an alignment of
topographic, tonal, or textural
features seen in aerial photographs
or satellite imagery.
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Northwest. Research was divided into
the following primary tasks:

e use of satellite imagery, U-2
aerial photographs, and conven-
tional aerial photographs to iden-
tify lineaments to be studied

e collection of existing geological
and geophysical data pertinent to
lineament studies

® geologic field studies of selected
lineaments

e evaluation of collected data.
Based upon analysis of Landsat

satellite imagery, augmented by U-2
and conventional aerial photographs,

a major NE-SW trending photolineament
about 270 km long was identified in

the states of Washington and Oregon.
The photolineament crosses the Columbia
River near Portland, Oregon, and con-
tinues NE to a point just east of

Omak Lake, Okanogan County, Washington.
This photolineament was selected for
further study after rock exposure con-
ditions and accessibility were shown,
via remote sensing techniques, to be
favorable.

Upon selection of the major photo-
lineament, a data base was constructed
using the following sources:

o University of Washington and
Washington State University M.S.
and Ph.D.

® publications or open-file reports
of the United States Geological

theses

Survey

e publications or open-file reports
of the Department of Natural
Resources, State of Washington

e dam siting reports commissioned

by Pacific Power and Light for

hydroelectric projects in the

central Cascades of Washington

e professional papers published in
various geological and geophysical
journals.

Computer reference search services
were used to insure completeness of
the data base.
made of all data published between

Computer searches were

1967 and the present concerning struc-
tural geology, igneous petrology,
seismicity, volcanism, sedimentary
petrology, and regional geology in the
State of Washington. An additional
computer search provided listings of
current geologic research in the
state.

Analysis of the data base indicated
that NE-SW trending faults had been
previously recognized along two por-
tions of the major photolineament.

The two areas, the Bumping Lake area
northeast of Mt. Rainier and the Lake
Merwin area south of Mt. St. Helens,
were selected as sites for geologic
field studies.

The data base was also used in con-
junction with remote sensing tech-
niques to identify further areas along
the trace of the photolineament best
suited for productive geologic field
As the great length of the
photolineament precluded mapping along

studies.

its entire length, the following
criteria were used to select field
sites: 1) rock type; 2) degree of
expression of the photolineament;

3) amount of previous work done along

the photolineament; 4) accessibility.



Preference was given to areas with
sedimentary or flood basalt lithol-
ogies as their uniform layering allows
rapid detection of faults.

However, much of the lineament is
best expressed in the volcanic ter-
rain of the central Cascades and in
the granitic terrain of the Okanogan
Highlands of north central Washington.
Several sites for field analysis were
thus chosen in those localities where
expression of the photolineament,
existing previous work, and accessi-
bility were favorable. These areas
(shown in Figure 7.1) are:

1. the Lake Merwin area, Cowlitz and

Clark counties, Washington
2. the Spirit Lake area, just north-

east of Mt. St. Helens, Skamania

County, Washington
3. the Randle area, Lewis County,

Washington
4, the Bumping Lake area, east and

northeast of Mt. Rainier, Lewis

and Yakima counties, Washington
5. the Corbaley Canyon area, Douglas

County, Washington
6. the Omak Lake area, Okanogan

County, Washington.

The first five areas were studied
by Battelle geologists from June 1978
to the end of September 1978. Pre-
vious work by Battelle geologists in
the Bumping Lake area was done in the
fall of 1977.

Geologists from Washington State
University under direction of Dr.

J. W. Mills were contracted by
Battelle to study the Omak Lake area
Their

work was completed this quarter, and

during the summer of 1978.

a final report has been submitted to
Battelle.

A variety of geologic field methods
were employed by Battelle. They in-
cluded detailed photogeologic analysis
of geomorphologic features of the
study areas, stratigraphic studies of
the volcanic and sedimentary rocks
present, sampling of fossils, petro-
logic descriptions of representative
lithologies, and mapping of joints,
folds, faults, and 1ithologic contacts.

In-lTab research included analysis
of fossil pollen from the Bumping
Lake area and x-ray fluorescence {XRF)
analysis for ten major elements in
50 whole-rock samples collected in
the Bumping Lake area. Neutron
Activation Analysis (NAA) for trace
elements was also performed on five
of the whole-rock specimens used for
XRF analysis. The fossil pollen
analysis was performed by Professor
L. H. Fisk at Walla Walla College,
Washington, in June 1978. The XRF
major element analysis was conducted
by Dr. Peter Hooper at Washington
State University, and Dr. J. C. Laul
of Battelle performed the NAA portion,

both during this quarter.

PRELIMINARY CONCLUSIONS

Preliminary conclusions available
at the end of the quarter include
those of Battelle geologists and those
of the Washington State University
team:

Lake Merwin Area

Faulting producing small displace-
ments occurs in Tertiary (Eocene-
Oligocene?) basalt or basaltic-
andesite flows in the Ariel damsite
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The fault traces trend NE-SW
and lie on the trace of the photolinea-

area.
ment. The time of faulting is uncer-
tain. Undeformed calcite and zeolite
veins cross-cutting fault planes
indicate that the faults are not
presently active.

An apparent structural offset is
also present across the trace of the
photolineament at the Ariel damsite.
East-striking, southerly dipping
Tertiary volcanics are present on the
east side of the dam. To the west,
across Lake Merwin, Tertiary volcanics
outcrop with a variety of southeasterly
dips.

Photogeologic analysis suggests
that NE and NW trending fractures have
broken the major structure of the
area, an east-west trending anticline,
into several parts, rotating large
blocks of inclined volcanics into
NE-SW striking attitudes. The pat-
tern of structural trends coalesces
about 16 km east

is

at TumTum Mountain,
of
a recent basaltic cinder cone.

Lake Merwin. TumTum Mountain
Recent
volcanic activity in the area may have
been localized at TumTum Mountain by
the presence of older (Miocene to

Pliocene?) fault zones.

Spirit Lake Area

The trace of the major photolinea-
ment corresponds to differential ero-
sion between the resistant Mt. Margaret
batholith and surrounding, hydro-
thermally altered, Eocene to Oligocene
volcanics and volcanic clastics. Dif-
fuse zones of chalcopyrite-pyrite-
tourmaline-quartz mineralization appear

to follow east-west structural trends

11

in the area. Mineralized zones, iso-

lated fault zones, and near-vertical
tuff beds appear to reflect deforma-
tion related to batholithic intrusion.
Randle Area

A very narrow, extremely straight
NE-trending syncline or intracanyon
flow in basalts and basaltic-andesites
of the Ohanapecosh Formation (0ligo-
cene) was mapped on the trace of the
major photolineament in the Iron
Creek Butte area. The structure
represents a deviation in the general
northwesterly structural trends of
the region and may be controlled by
an Oligocene or older fault zone.

A dike swarm, probably represent-
ing an Oligocene volcanic center, was
also mapped on Lone Tree Mountain.

The trace of the major photolineament
is strongly expressed in both the Iron
Creek Butte and Lone Tree Mountain
areas.

Bumping Lake Area

The region lies on the projected
southerly trace of the Straight Creek
Fault, a structure recently deemed by
WPPSS geologists as probably active.
The structure and stratigraphy of the
area is complex. Solution of key
geologic problems revolves around the
ability to define an accurate strati-
graphic section in the 1ithologically
A

pilot study aimed at using major and

monotonous Ohanapecosh Formation.

trace element concentrations in the
volcanic suite to define a stratigraphic
section has been initiated using XRF

and NAA technology.
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Preliminary results of the XRF
pilot study indicate that XRF tech-
niques offer precise means of chemi-
cally classifying igneous rocks found
in the Bumping Lake area and elsewhere
in the Cascades. An example of the
methods used to identify and chemically
compare rock samples is shown on the
variation diagram of Figure 7.3. Stan-
dard granite, diorite, and gabbro com-
positions are plotted on the diagram
to delineate general classification
fields. Oxide concentrations of
analyzed samples are then plotted to
establish general compositional limits
of the sample population. More sophis-
ticated statistical methods are used

to study chemical variation in samples
within a single compositional category.
To date, the XRF data have been
useful in establishing--or disproving--
correlation of rocks possessing simi-
lar field characteristics.
of NAA trace element data and more

Analysis

sophisticated study of XRF information
will greatly aid in defining the
stratigraphic column needed to iden-
tify major faults in the Bumping Lake
area.

Field evidence independent of the
XRF and NAA studies indicates that a
geologic discontinuity, either a fault
in the NE
trending Bumping River valley.

or unconformity, exists
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FIGURE 7.3.

Variation Diagram Illustrating Use of Major Element Oxide

Concentration to Chemically Classify Igneous Rocks from the Bumping

Lake Area.

Oxide concentrations of three samples are plotted.

The

samples have similar structural and petrological characteristics in
the field, but XRF analysis shows them to be distinct units chemically.
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Additional evidence for faulting
in the Three Lakes, Carlton
Pass, and possibly Cortright Creek

exists

areas.

Corbaley Canyon

The photolineament is expressed
by a narrow, very straight canyon
containing only emphemeral drainage.
The canyon's NE trend is controlled
by strong jointing in the pre-Tertiary
metamorphics and Miocene basalts of
the area. No evidence for faulting

was located in the area.

Omak Lake Area

The region is generally underlain
by massive granite of Cretaceous age.
A study of the granites exposed to
the southeast of Omak Lake,
the Miocene Columbia Plateau basalts

and of
to the southwest, revealed no evidence
of major faulting in the direction

of the photolineament. Further, no
statistical predominance of joint
trends in the direction of the photo-
lineament was identified. However,
definitive conclusions concerning

the nature of the photolineament

could not be made because of Quaternary
alluvium along the postulated trace

of the photolineament in the area

southeast of Omak Lake.

Evaluation of the Photolineament

Evidence to date suggests that the
major NE-trending photolineament is a
complex, composite structure geolog-
ically expressed by faulting, folding,
igneous activity, and residual strain

release structures {(joints). Age of
the structure is uncertain and is
probably composite. Accurate deter-
mination associated with the lineament
awaits much more detailed mapping in
the Washington Cascades together with
radiometric dating of key volcanics
and intrusives.

Additional
geologic structure, particularly in

the Bumping Lake area, will require

information relating to

further field and laboratory studies
to examine the possible correlations
among rock units in the study areas
and to establish improved strati-
graphic control on which sound struc-
tural interpretations can be based.

KRIGING - P. G. Doctor

The objective of this effort is to
evaluate the kriging method for its
applicability to the characterization
of potential geologic repository
sites for storage of high-level radio-
active wastes. Kriging is a statisti-
cal method for estimating functions
which describe spatially distributed
phenomena such as groundwater eleva-.
tion and depth to salt, basalt, or
shale deposits.

The study evaluation process is
perceived to be a two-stage procedure.
The first step is to characterize rep-
resentative data sets, such as those
mentioned above, using kriging tech-
niques. During the Tast quarter this
was accompiished using water eleva-
tion and depth to basalt data sets
for the Columbia Plateau.

The second step is to observe the
behavior of the kriging technique as
the number of data points decreases,
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thereby simulating an actual site-
evaluation data set. This was com-
pleted in this quarter using the ba-
salt measurements.

The basalt-elevation data set was
systematically reduced to observe the
effect of fewer data points on the
contours estimated by the kriging
method.
tions are quite variable, even over

The basalt kriging eleva-
short distances. Contrary to what is
intuitively expected, reducing the
data set sometimes makes the phenome-
non's estimated structure more com-
the reduced-data
estimates seem to remain within two

piex. However,
standard errors of the full-data esti-
mates, and in more than one instance,
the reduced data set with a more com-
plex structure led to markedly better
estimates than those produced by the
full data set.

Another approach for dealing with
sparse data that seems to have good ap-
plication for site selection is co-
kriging. Basically, it consists of
1) relating costly measurements (core
data) to Tess costly nonintrusive mea-
surements (perhaps seismic data),

2) estimating core measurements at lo-
cations where the other data were

taken, and 3) then estimating contours
and additional
the extended core data.

sampling locations from
It is a quasi-
simulation procedure that could effec-
tively combine different types of in-
formation. Pierre Delfiner of the
Paris School of Mines has been working
on this technique. It is being used
successfully to estimate plutonium

from in-situ americium
in the Eniwetok Atoll
at the Nevada Test Site.

distribution
measurements

clean-up and
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To resolve certain questions which
had arisen during this stage of inves-
tigations, P. G. Doctor attended the
Paris School of Mines short course on
kriging, September 11-22. The course
was eminently worthwhile from two
standpoints. First,

good overview of geostatistics and its

it provided a

appiication to spatial phenomena.

Many technical questions have been re-
solved or can now be resolved by re-
ferring to the literature. Secondly,
interaction with mining and petroleum
geologists attending the course has
led to an improved perspective of ge-
ology, including the types of data
available and geostatistical
applications.

The overall perspective gained
from the course indicates that the
work on characterizing the water and
basalt elevation data sets has been
reasonable. The work on reducing the
basalt data set to simulate a sparse
interest but
of questionable practical

data set is of academic
value for
site characterization.

In reality, although there may be
little core data, there are other
types of data (e.g., seismic, or
knowledge of a fault) to use in combi-
nation because a decision on the
suitability of a potential site will
not rest on the core data alone. Use
of kriging to combine different types
of data is a sound idea; sparsity of
core data is a problem shared with
petroleum engineers, and co-kriging
has been a valuable approach for them.
One case study in the Paris School of
Mines course was an example of using
seismic and core data to evaluate a

potential underground gas reservoir.
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The technique for selecting the op-
timal location of an additional core
sample is easily applied. However,
its successful application rests on
how well the geologic phenomena have
been modeled. It seems that the em-
phasis should be to develop kriging
in combination with all existing data
to obtain the most complete charac-
terization of the site, and then ap-
ply the sample location selection
technique.

Although questions of a technical
nature remain, kriging has demon-
strated its feasibility to character-
ize geologic waste repositories.

SPENT FUEL STORAGE - A. B. Johnson,

This program has developed an as-
sessment of spent fuel behavior in
water pool storage which includes the
following publications by
A. B.

1. Behavior of Spent Nuclear Fuel
BNWL-2256,

Pacific Northwest Laboratory,

Richland, WA, September 1977.
2. "Impacts of Reactor-Induced Fuel

Johnson, Jr.:
in

Water Pool Storage,

Cladding Defects on Spent Fuel
Storage," presented at OECD/NEA
Symposium on Spent Fuel Storage,
Madrid, Spain, June 20-30, 1978.
Published in Conference Proceed-
ings, Storage of Spent Fuel

Elements.

3. "Testimony for California Energy
Resources Conservation and Devel-
opment Commission," BNWL-SA-6213,
March 10, 1977.
Summary of Testimony Regarding

Summarized in

Spent Fuel Assembly Storage,

California Public Resources Code

Jr.
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25524.1, March 10, 1977, Docket
Nos. 76-NL-1, and 76-NL-3,
May 26, 1977.

4. "Spent Fuel Integrity in Water
Pool Storage," Am. Nucl. Soc.
Trans., 27:488-89, 1977.

5. "Spent Fuel Behavior in Water
Pools," PNL-SA-6817. Presented
at NRC-IAEA Spent Fuel Storage
Meeting, Bethesda, Maryland,
February 28-March 2, 1978; pub-
lished in Proceedings.

issued

6. "Spent Fuel Integrity in Pool
Storage," presented at the meet-
ing Back End of the LWR Fuel
Cycle, Savannah, Georgia,

March 19-23, 1978.

7. "Utility Spent Fuel Storage Ex-
perience,"” PNL-SA-6863, presented
at the American Nuclear Society -

Executive Conference on Spent
Fuel Policy and Its Implications,
Buford, Georgia, April 2-5, 1978;

published in Conference Proceedings.

8. "Spent Fuel Storage Experience,’
to be published in Nuclear
Technology.

A program is now moving into an
experimental stage which will be
funded by the DOE through the Away
From Reactor Spent Fuel Storage Pro-
gram 0ffice located at the Savannah
River Laboratories.

A. B. Johnson, Jr. will attend an
International Fuel Cycle (INFCE) Work-
ing Group No. 6 meeting in Vienna in
October to provide technical support
to the U.S. delegation. Visits to
discuss spent fuel storage issues to
KWV at Erlangen, Germany, and to
Swedish laboratories at Studsvik

(Studsvik Energiteknik AB) and
Visterds (Asea Atom) also are planned



7.

during the trip. The trip will be
funded by the DOE AFR program. Devel-
opment of information for the meeting
was done under Battelle's Waste Manage-
ment Systems Studies support.

A program was scoped to evaluate
the long-term (multi-century) behav-
ior of metals. The goal is to assess
long-term survival of various metals
in a variety of environments so as to
determine whether such information is
useful in waste management assessments.
ASSESSING NUCLEAR WASTE MANAGEMENT
OPTIONS - R. G.

Inc.)

Bradley (Teknekron,

At the end of the last quarter,
work was initiated under a subcontract
with Teknekron, Inc., of Washington,
DC, on development of a suitable
analytical framework for the system-
atic analysis of radioactive waste
management issues by an interdiscipli-
nary team.

Review of attempts to analyze com-
plex issues by interdisciplinary ex-
perts has revealed one or more of
these disadvantages inherent in the
analytical approaches heretofore
employed:

e the technical and nontechnical rep-
resentatives were separated during
their analyses

e the unmanageably Targe size of the
groups performing the analyses im-
peded development of the desired
product

e the framework for the deliberations
was insufficiently structured and

guidelines were inadequately de-
fined to keep efforts focused on
achieving the product.

Teknekron has elected to test the
conceptual analytical framework by
analyzing a waste management issue
with a relatively small interdiscipli-
nary team (three technical and three
nontechnical personnel). The team
will undertake the analysis as a di-
rect and continuous dialogue until the
desired product is derived. Moreover,
the deliberators will be constrained
by ground rules to focus on the issue
to be analyzed and the product to be
derived without unduly confining the
dialogue's scope. They will also be
provided in advance concise back-
ground material to ensure understand-
ing of the issue and its relation to
the physical waste management system
considered.

To gain further insight on the ap-
plicability of the analytical frame-
work, the subcontractor plans to test
it by convening two such small inter-
disciplinary teams— -one constituted
from experts within Teknekron and one
with participants from other private
industrial organizations and universi-
ties. Both groups will analyze the
same issue and work under the same
ground rules administered by a Tekne-
This
iteration of

kron panel to be convened first.
should permit a useful
the guidelines and background material
before convening the outside panel in
October 1978.

While the chief aim for both panels
is to perform the systematic analysis
of the assigned waste management issue
within the structured analytical frame-
work, Teknekron plans to gain certain
additional benefits, to the extent fea-
sible, from this collection of exper-

tise. These would include:
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e a critique of the analytical frame-
work as a viable tool for analyzing
waste management issues

e the experts' views on alternative
methodologies for performing such
analysis

e identification of what they per-
ceive to be the compelling issues
for the acceptability of deep geo-
logic repositories as a long-term

waste management/disposal strategy.

NUCLEAR WASTE COMMUNICATIONS -
S. M. Rankin (HARC)

Nealey and W. L.

The public's perceptions, attitudes
and knowledge about nuclear waste
management are highly related to
reactions to nuclear power. Our
studies have therefore focused on
nuclear waste management issues as
imbedded in a larger framework of
nuclear power and broader energy
issues. These perceptions and atti-
tudes have been analyzed through

e news media and government coverage
of nuclear power and nuciear waste
issues

e public attitudes, knowliedge, and
values regarding nucliear power and
nuclear waste disposal

® public policy issues in nuclear
waste management.

In our print media analyses, we
have found that:

1. The print media generalily have
provided a somewhat balanced pic-
ture of nuclear power, although
certain specific sources such as
Environment and the National
Observer were antinuclear.
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2. Antinuclear stories slightly out-
numbered pronuclear stories, pos-
sibly Teaving a slightly negative
influence with readers.

3. Coal
sources more neutrally and less

issues were treated by these

controversially and given less

prominence than nuclear issues.

4, Coverage of nuclear issues
{(especially antinuclear) has in-

creased steadily since 1972,

whereas coal coverage peaked in

1974 and has since decreased.

5. Peaks in coverage of nuclear waste
issues came in 1974 because of a
waste leak at Hanford and again in
1976 as a result of state nuclear
power initiatives.

The television analysis, now in
the write-up stage, indicates that
nucliear power and coal issues have
received more prominence than solar
issues in the number of news broad-
casts and that nuclear power was
handled in a more polarized manner,
and solar in

coal in a more neutral,

a positive manner. Television news
broadcasts have tended to treat coal
and solar more favorably than nuclear
power; however, absolutely speaking,
nuclear power has not received an
exceptional amount of bad publicity.
While the print media and televi-
sion have increased their coverage,
the Federal government has greatly
decreased its information fiow to the
pubiic regarding nuclear power. Under-
estimating the public's trust in
the government to provide unbiased in-
formation, DOE has very few brochures

available on nuclear power, with only
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one about nuclear waste (the nuclear
issue the public wants most to learn
about).
uninterestingly written and difficult

These brochures appear

to read, requiring a college educa-
tion for understanding.

A survey of Washington residents
conducted earlier has resulted in col-
lection of data in two categories:

1) nuclear knowledge as related to
nuclear attitudes and 2) the relation-
ship of human values and attitudes to
Additionally,
data from this survey are being ana-

nuclear power issues.

lyzed as to whether or not there are
sex differences in attitudes regard-
ing nuclear power. This research in
knowledge, attitudes, and values rele-
vant to nuclear power indicates that
there is no single, simple explana-
tion as to why some people support and
some oppose nuclear power. Individual
differences on the importance placed
on human values, on information and
misinformation about nuclear power,
and on attitudes about general energy
and nuclear-specific issues all in-
fluence attitudes about nuclear power.
However, human values and knowledge
appear to combine to form attitudes
about nuclear power, thus making the
combination of values and knowledge a
central determinant.

Our findings are that the importance
one places on the values for a comfort-
able 1ife, a world at peace, a world
of beauty, family security, freedom,
and national security is a strong
determinant of nuclear power attitude.
Furthermore, pronuclear and anti-

nuclear respondents have totally
opposite perceptions as to whether
nuclear power helps or hinders the
attainment of these goals.
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We found that the public is largely
uninformed about nuclear power, and
especially nuclear waste management.
Most respondents greatly underestimate
nuclear's role in electricity produc-
believe that most nuclear wastes
"Hanford-like"
tanks, and overestimate the amount and

tion,
are liquids stored in

tongevity of nuclear wastes.
Environmentalists are more knowl-
edgable about nuclear power than are
nuclear neighbors and the general
Washington public. Among the general
public, however, those strongly sup-
porting nuclear power possess signifi-
cantly more nuclear knowledge than
any of the other attitude groups.
Also, on the three knowledge questions
(al1 three related to waste manage-
ment) that best predicted nuclear
attitude,
answered the questions correctly more

pronuclear respondents

often than antinuclear respondents.
Although human values and nuclear
knowledge are strong determinants of
one's nuclear power attitude, general
energy beliefs and nuclear-specific
beliefs add something more to the ex-
planatory model. With regard to more
general beliefs, pronuclear respond-
ents believe that the United States
economy will decline without increased
energy production, whereas antinuclear
respondents are not sure about the
energy-economy relationship; anti-
nuclear respondents believe that more
conservation would make increased elec-
trical production unnecessary, while
pronuclear respondents believe that
conservation alone won't be enough;

and antinuclear respondents place more
faith than pronuclear respondents in

the ability of alternative energy tech-
nologies (especially solar power) to



provide a large share of future en-
ergy needs. MWith regard to nuclear-
specific attitudes we found that at-
titudes about nuclear safety, waste
disposal, pollution, and reprocessing
were most predictive of one's attitude
about building more nuclear power
plants.

Finally, our analysis of public
policy issues has resulted in the is-
suance of the report entitled Public
Policy Issues in Nuclear Waste Manage-

ment. Four main clusters of issues
surrounding waste management were
identified and discussed: 1) tempo-
ral equity issues (fairness over time);
2) geographic and socioeconomic equity
issues (fairness by region and social
class); 3) implementation issues (or-
ganization, regulation, financial ar-
rangements, and long-term management);
and 4) public involvement issues (what
can be gained or lost by public in-
volvement, who should be involved, and
conditions impeding or fostering pub-
lic involvement). Of these issue
areas, the temporal, geographic, and
socioeconomic equity issues appear to
be foremost in the present nuclear
waste debate. A thorough analysis of
how these issues impact waste disposal
will also require that five related
factors be taken into consideration:
amount of waste, type of waste, type
of waste disposal,

disposal, and the inherent uncertainty

irreversibility of

in comparing the calculations of bene-
fits and risks of different disposal
modes over time.
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PUBLIC PERCEPTION AND EVALUATION OF
RISKS - M. K. Lindell and
J. A. Hébert (HARC)

During the past quarter, work has
been completed on the analysis of the
risk tradeoffs questionnaire. A re-
port on the survey's results, now com-
pleted and under review, describes
the rationale and procedure for the
sampling of intact groups and the for-
mation of clusters of relatively homo-
geneous groups. This report's sub-
stantive focus is on those portions
of the questionnaire most closely re-
lated to

clear disposal facilities.

issues associated with nu-
This
perceived

in-
cludes questions about the
need for, and efficacy of, site con-
trol, site monitoring, and informa-
tion transfer in producing system
safety. Also included are the data
on the minimum acceptable distance
from technological facilities that
respondents are willing to live or
work.

Other data from this questionnaire
will be presented in a subsequent re-
now in the draft stage. This

report will discuss systematic dif-

port,

ferences between pronuclear and anti-
nuctear groups in the relative impor-
tance they attach to issues such as
environmental pollution, energy

The

subsequent report will also show how

shortage, and economic growth.
these differences in issue salience
are related to respondents' concerns
about different aspects of energy
technologies, especially risk.
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A review draft of the question- under way to obtain commitments from
naire addressing the tradeoffs be- groups to distribute this question-
tween public and occupational risk naire to their members.

has been completed. Efforts are now
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8.0 WASTE MANAGEMENT SAFETY STUDIES

W. K.

Winegardner - Project Manager

Evaluate the safety of alternative waste management schemes for
viable nuclear fuel eycles up to the final disposal step; develop the
methodology necessary to permit the safety assessment; identify por-
tions of waste management systems which could benefit by safety design

emphasts.

SUMMARY

Once-through fuel cycle waste
management operations were evaluated
using safety indices based on such
factors as radioactivity, volume,
gamma power, heat generation, and
radionuclide mobility and toxicity.
Using assessment of 85Kr management
techniques, work continued on the
development of insights concerning
trade-offs between management by dis-
persion/dilution and by accumulation/
containment. Seven different safety
indices were examined to identify
biases that could result from their

application.

ONCE-THROUGH FUEL CYCLE ASSESSMENT -
P. J. Pelto, J. W. ’

Voss

The evaluation of the once-through
fuel
continued during the quarter.

cycle waste management operations
A spe-
cific reference system consisting of
one pressurized water reactor and one
3000-MT away from reactor storage
basin is being evaluated using the
analysis methods o%$1;?ed in earlier

The initial scoping analysis has

quarterly reports.

been completed for the reference sys-

tem and is shown in Tables 8.1 and

8.2.
indices based on such factors as radio-

In this scoping analysis, safety

activity, volume, gamma power, heat

generation, mobility, and toxicity are
defined.
for providing relative comparisons of

These indices may be useful

waste streams within a fuel cycle and
of different fuel cycles.

The more detailed analysis of the
reference system's waste streams is
continuing. In this analysis, such
factors as public safety, occupational
safety, and cost will be quantified

to the degree possible.

DISPERSION/ACCUMULATION TRADE-OFF
ASSESSMENT - P. J.

Mellinger

Work continued on methods for
providing insights concerning trade-
offs between management by dispersion/
dilution and by accumulation/contain-
ment.
ment techniques

Assessment of noble gas manage-
is being used as the
An in-depth

Kr immobilization
high-pressure

basis for this work.
description of 85
by high-temperature,
sorption on zeolite was completed.
The use of high-pressure steel cylin-
ders for 5Kr storage was reviewed.
Meteorological and population data
were selected for use in siting a
reference facility and calculating

radiological consequence.



TABLE 8.1. Scoping Analysis Safety Indices of Reactor Wastes

(a)

Untreated Untreated Toxicity Gamma Heat Available
Waste Volgme, Mass, Activity, ndex Power Generation, Mobi]lt Technolo Y
Stream m kg ci m3 air(b)  Mev/seclc) W Index{d}  Index e? Lifetime(f)
Trash w0  1.92 x 10° 8 1.48x10'0 2,60 x10'" 5.58x102% 4 1 25
Wet trash 550  1.65x 10° 5,880 1.07 x 10" 1.74 x 10" 37 x1070 6 1 34
Noncombustible, a0  4.0x10" 16 2.13x 100 5.55 x 100" 122 x 107 2 1 7.0
noncompactable
trash
: 3 14 15 -3
Core internals 5 2.5 x10 156,000 1.85 x 10 5.52 x 10 1.22 x 10 0 5 0.7
a. For annual reactor operations; treated wastes.
b. Air to dilute activity to recommended concentration guide.
c. Energy released in decay by gamma emission per unit time.
d. 0 = immobile, 10 = gaseous.
e. 0 = available technology, 10 = not available.
f. Percent of discharge radionuclides with half-1ife greater than 10 yr.
TABLE 8.2. Scoping Analysis Safety Indices for 3000-MTHM Away from Reactor Storage Basin(a)
Untreated Untreated Toxicity Gamma Heat Available
Treatment Vo]gme, Mass, Activity, Inde? Power Generation, Mobi]}t Techno]o?y ]

Waste Stream Options m kg Ci m3 air(c)  Mev/secld) Indexte) Index(f) ‘Lifetime(g)
Spent fuel NA 3.3x 108 3.0x10° 2.0x10% 6.3x100 2.9 x10 8 2 8.4
General trash Compaction 92 4.5 x 10" 9.0 1.3x 100 1.9 x 107 3.8 x 1072 4 1 25
HEPA filters Drumming 38 6.1 x 105 0.97 1.4 x10° 2.0x100 4.1 x1073 4 1 25
Wet waste Cementation 35 11x10°  1.6x10° 2.4x102 3.4x10°3 6.8 1 1 3%
Noncombustible, Drumming 7 7.0x10° 1.0 1.5x 100 2.2 x10'% 4.3 x 1073 2 1 7.5
noncompactable trash
Gaseous effluents None

3 NA 2.5 x 10%(®) 1.2 6.0 x 10°  NA 1.3x 100 10 1 100
85 NA 6.5x 107 2.1 x10° 7.0x10% Na g.2x 107 10 1 100
123 NA 4.7x10% 17 x10? 8sx10® ma 1.9x107 10 1 100

v K aon ow

. For treated wastes; annual quantities for receiving 410 MTHM and storing 2460 MTHM.
. Mass of excess water vaporized annually.
. Air to dilute activity to recommended concentration guide.
. Energy released in decay by gamma emission per unit time.
. 0 = immobile, 10 = gaseous.
. 0 = available technology, 10 = not available.
. Percent of discharge radionuclides with half-life greater than 10 yr.

2'8



USE OF INDICES - J. W. Voss account for waste form characteristics,
facility designs, or environmental
Seven different safety indices, behavior.
defined in Table 8.3, were examined The seven indices have been examined
to identify biases which could result on the basis of their prediction of the
from their respective application. time-dependent hazard of the packaged
The use of safety indices in waste spent fuel from the once-through fuel
management safety studies is one ~cycle. The safety indices normalized
alternative assessment technique. In to unity at time zero are plotted as
particular applications, if their functions of time in Figure 8.1. The
limitations are understood, safety HM1, HM2, PHM and RTI are calculated
indices can provide valuable insights on the basis of airborne release,
into safety. However, use of safety while HM and HI assume a water release.
indices should be avoided unless it Figure 8.1 reveals that after 106 years
is fully understood that they do not of decay, the normalized indices vary

TABLE 8.3. Safety Indices

Index Title Definition Reference
C e (a) no. (3)
Total Radioactivity Q=2 Qi(t) Bell
i=1
(b) T o (3) )
Hazard Measure HM = £ Qi(t) Bell and USNRC
i=1 RCGi
N . .
Modified Hazard wn = ¢ QO (H)L@I/MPIwI) Mcgrath(®)
Measure 1(C i=1 + (bi/MP1ai)]
n rt +di (6)
Modified Hazard HM2 = ¢ . Smith and Kastenber
Measure 2?d§ =1 [[01 (t*)/MP1i]at s
t
7 (7)
Potential Hazard PHM = & {[PiQi(t)]/[MP]i Ai]} Gera and Jacobs
Measurelé€ i=1

(f)

Hazard Index

IIM:

Q1§ C1aiborne(8)

(9)

Hamstra

IlM:IM:

HMj

Relative Toxicity Index RTI = (
( Baseline

HM1)
Waste

Jj=1

. Qi(t) = Total radioactivity of isotope i as a function of time.

. RCGwi, RCGai = Recommended concentration gquide of isotope i in water or air,

respectively.

c. ai, bi = Fraction of isotope i released to water or air, respectively.
MPiwi, MPlai = Maximum permissible intake of isotope i in water or air,
respectively.

d. di = Time period of concern for the release of isotope i to the environment.

e. Pi = Probability of release of isotope i to the environment; Xj = specific
radioactivity of isotope i.

f. V = Volume in which the waste is contained.

[= -1}
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FIGURE 8.1. Normalized Safety Indices for Packaged

Spent Fuel from the Once-Through Fuel Cycle

by nearly six orders of magnitude.
On the basis of the PHM plot (in air),
one could conclude that the hazard as-
sociated with spent fuel decreases
less than a factor of two with 106

years of decay. However, the value

of PHM is numerically dominated by the
presence of 238U, which accounts for
95% of the total.
the HM2 (in air), one could conclude

that the hazard of spent fuel does

By application of

not decrease over periods less than

Numerically this results
239 240Pu

5000 years.
from the presence of Pu and
Both effects result from the fact that
PHM and HM2 are directly proportional
to the half-lives of the isotopes
Further,

being considered. the pres-

ence of a-emitters in the waste sys-
tem is numerically amplified because
both indices are inversely propor-
tional to RCG values which in air may
be several orders of magnitude lower

for a-emitters than for B- or y-

emitters.
RTI
sion that the hazards associated with

The application of HM1 and
(in air) may lead to the conclu-

spent fuel decrease significantly for
decay periods greater than 5000 years.
Again, this conclusion is the result

of 239Pu and 240Pu decay. Unlike the
PHM and HM2 plots, the HM1 and RTI do
reflect the decay of short-lived radio-
This results because the

PHM and HM2 are directly proportional
to the half-1ife of the constituents,
whereas HM1 and RTI are not.
tion of the normalized plots of HM and

nuclides.

Examina-

HI reveals the prediction that the
hazard associated with spent fuel in
total radio-
that the hazard

of magnitude

water is similar to the
activity over time, and
drops nearly six orders
over 106 years of decay.
In summary, the safety indices
calculated for airborne releases are
numerically dominated by the presence

of a-emitters, without regard to their



actual toxicity in specific scenarios.
Safety indices calculated for water
releases roughly assign equal hazard
to all radionuclides because the RCG
values are relatively invariant for
the isotopes found in spent fuel. How-
ever, the behavior of these radionu-
cludes in the environment is not re-
flected, so that the very mobile iso-

topes are indistinguishable from the
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9.0 WASTE ISOLATION SAFETY ASSESSMENT PROGRAM

Albin Brandstetter - Project Manager
Mark A. Harwell - Assistant Project Manager

The objectives of the Waste Isolation Safety Assessment Program

(WISAP) are to:

1. develop the generic methods needed to assess the long-term
safety of geologic isolation repositories

2. obtain the generic and site-specific data necessary to apply

the methods

3. demonstrate the use of the methods for a specific site

apply the methods to make safety assessments for sites of
the National Waste Terminal Storage Program

5. analyze societal acceptance issues and develop methods of
communicating assessment results which enhance the rational

resolution of those issues.

SUMMARY

During this quarter a management
task was established, including
assignment of a new project manager
and assistant project manager and sup-
port staff. There was also a sub-
stantial replacement of the Task 1
personnel. External control shifted
from the 0ffice of Waste Isolation
(OWI) to the Office of Nuclear Waste
Isclation (ONWI). With these changes,
the scope'and direction of WISAP were
reviewed and new emphasis was added
to more timely production of safety
assessments focused on the antici-
pated licensing requirements.
ples are the exercising of the WISAP
geosphere and dose models for an
initial assessment of the Paradox
Basin bedded salt site, and the

establishing of the framework within

Exam-

the scenario analysis task for expert-
opinion input to the consequence
analysis task.

Additional efforts during this
quarter included progress on a number
of reports or drafts, the development
of the release scenario pilot program
to an operational level, the contin-
ued development of sorption- and
leach-testing facilities and data,
and continued transport and dose
model development or conversions. An
overview of WISAP was presented at
the Meeting on Radionuclide Migration
in Crystalline Rocks held by the
Nuclear Energy Agency at Studsvik,
Sweden (PNL-SA-7184).

TASK 1 - RELEASE SCENARIGO ANALYSIS -
R. A. Craig and G. L.

Benson

This quarter was largely one of
transition to new staff, review of the
scope and emphasis of the task efforts,
planning for the shift to more timely
production of release scenarios and

establishing the framework for expert-

opinion, geology-specific scenario
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analyses. The pilot program for pre-
diction of geologic scenario probabili-
ties has been completed, programmed,
and debugged. Exercise of this program
to aid

developing a more realistic scenario

was begun and will continue, in

analysis program. The theoretical
framework of this simulation modeling
has been outlined.

Most of the geologic consultants
have submitted their final reports
with precis, which will be integrated
The FY-1977
Task Workshop report has been prepared

into a summary document.
and submitted for clearance. Planning
efforts have included identifying the
expert-opinion teams that will provide
scenarios for the geosphere transport
site analyses during FY-1979 and will
provide input to the model development.

TASK 2 - WASTE FORM RELEASE RATE
DATA - D. J.
R. P.

Bradley and
Turcotte

The metallographic studies of spent
fuel were completed. Leaching and
analysis work continued on spent fuel
and actinide-doped glass, using simu-
lated ground waters and salt brine
solutions. Building modifications to
accommodate a glovebox and open-face
hood were completed, and this unit
installation is 90% complete. Further
leaching tests have been planned to
use this equipment, including static
leach tests on actinides. Fabrication
of a large hot cell leach testing cabi-
net has been completed, and prepara-
tions are under way for installation

in the hot cell. This unit will

accommodate up to 150 leach tests

simultaneously. The autoclaves for

2

nonradioactive and doped waste form
studies have been received and in-
stalled. Additionally, a system of
three autoclaves for hot cell use has
been designed and put out for bid.

Leaching and analysis work contin-
ued at Lawrence Livermore Laboratories
(LLL) using the single-pass leaching
system. A paper co-authored with PNL
for presentation at the Materials
Research Society meeting in November
has been accepted.

The compositions of four trans-
uranic (TRU) waste forms have been
developed at Brookhaven National
Laboratory (BNL).
actual
Flats is in progress. Upon receipt
of this ash, the TRU waste forms will
be made and leach tests started using

Procurement of
incinerator ash from Rocky

the same leaching solutions as at PNL
and Lawrence Livermore Laboratory.
Construction of a semi-automated
leaching system for this study is 75%
complete.

TASK 3 - RELEASE CONSEQUENCE ANALYSIS
J. R.

Raymond

In response to the WISAP Review
Committee, during this quarter an
initial site-specific exercise of the
consequence analysis models was per-
formed. This involved a cooperative
effort for the Paradox Basin site in
Utah with Bechtel

developing the data base, conceptual

National, Inc., in

and numerical models, and release
scenario for analysis by Task 3. The
VTT ground-water code was used for

hydrologic modeling, and a one-

dimensional MMT code was used for

radionuclide transport simulation.



9.

This exercise was completed for a
single set of parameters and initial
conditions and reported to the WISAP
Review Committee.

The 1978 Task 3 Workshop was held
at PNL, with presentations on each of
the geosphere models for peer review
of the WISAP approach to consequence
analyses. Verification and sensitiv-
ity analysis of the 3-D finite element
(FE) ground-water flow model with the
PATHS analytical solution was com-
pleted and included in the draft
document on the FE model. The FE
solution was compared to the analyt-
ical Theis nonequilibrium equation
for a single aquifer system. Data
base programs were developed to
display and plot stratigraphic
sections and to project sections onto
defined reference lines. The PATHS
documentation was issued (BCSR-38) and
the FY-1977 workshop report cleared
(PNL-SA-7468).
puter codes required for dose calcu-

Conversion of com-

lations was nearly completed this
ARRRG, FOOD, DACRIN, KRONIC,
and SUBDOSA are fully operational;
SUBDOPA is 80% debugged, PABLM, a
newer version of FQOD,

quarter.

is being

converted.

TASK 4 - TRANSPORT DATA - R. J. Serne

The studies at PNL and several sub-
contractors to resolve method-dependent
sorption/desorption discrepancies have
continued during this quarter, includ-
ing batch Kd method comparisons with
axial filtration, channel chromatog-

raphy, and flow-through column systems.

To date, results show that favorable
comparisons can be obtained with care-

3

ful experimentation for selected media/
solution systems.
nuclide/rock/ground-water combinations
A preliminary experiment

Tests using more

continue.
using a tuff core was begun for com-
parison of migration rates through
intact rock versus disaggregated rocks.
The data collection efforts contin-
ued at PNL and the subcontractors for
expanding the defensible data base of
sorption of various nuclides by a
wide range of representative geologic
Data
were collected this quarter for Kq
Np, Pu, Am, Sr, Cs,
Eu, and Ce onto media such as shale,
basalt, tuff, and
numerous pure minerals, using synthetic

media and ground-water types.
values for I, Tc,

granite, limestone,

salt brines and ground waters. These
data, and others from the literature,
are being processed by Adaptronics
using adaptive learning networks to
produce multinomial equations relat-
ing Kd values for a radionuclide to
characteristics of the media and
methodology used. Thermodynamic data
on solid compounds and solution
species of many different radio-
nuclides were published (PNL-2651).
Basic research into the factors
and interactions controlling sorption/
desorption of radionuclides included
studies on the effect of ionic
strength and tracer concentration.
Other studies focused on the redox
potential threshold for creation of
insoluble compounds (at Oak Ridge
National Laboratory), microauto-
radiography of nuclide/rock matrix
interfaces (at Los Alamos Scientific
Laboratories and Lawrence Berkeley

Laboratory), adsorption kinetics
(at Argonne National Laboratory



ahd Rockwell Hanford Operations),
ground-water valence states (at PNL),
and potential for migration of radio-
nuclides through geologic media as
polymeric-colloidal species (at
Georgia Institute of Technology).

The report for the 1977 Workshop
was published this quarter (PNL-SA-
6957), and preparations were made for
each subcontractor to present FY-1978
progress reports at the 1978 workshop
to be held October 2-5, 1978.
abstracts were also prepared by sub-

Several

contractors for waste management con-
ferences of the American Chemical

REPORTS ISSUED DURING QUARTER

D. H. Rai and R. J. Serne, Solid
Phases and Solution Species of
Different Elements in Geologic

Environments. PNL-2651, Pacific
Northwest Laboratory.
R. J. Serne, Ed., Waste Isolation

Safety Assessment Program. Task 4.
Contractor Information Meeting Pro-
ceedings. September 21-23, 1977.
PNL-SA-6957, Pacific Northwest
Laboratory.

R. W. Nelson and J. A. Schur, A Pre-
liminary Evaluation Capability for
Some Two-Dimensional Groundwater Con-
tamination Problems. BCSR-38,

BCS Richland, Inc.

9.

Society, Materials Research Society,
and the Organization for Economic
Cooperation and Development (OECD).

TASK 5 - SOCIETAL ACCEPTANCE -
A. H. Schilling

During this quarter, Activity at
the Human Affairs Research Center
(HARC) for Task 5 focused on completion
of the writing and reviewing of the
final three reports of this task,
upon ending this quarter, Task 5
activities as a part of the WISAP are
terminated.

R, J. Cole, K. V. Friedman,

F. A. Morris, and S. Smoilkin, Compen-
sation for the Adverse Effect of
Nuclear Waste Facilities.

R. F. Smith, State and Local Regula-
tions Relevant to Nuclear Waste
Isolation Facilities.

T. Hunter, Nuclear Waste Repository
Land Use Control Considerations in
Selected States.
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10.0 WELL LOGGING INSTRUMENTATION DEVELOPMENT

FOR SHALLOW LAND BURTIAL

R. L.

Brodzinski - Project Manager

The objectives of this research program are to develop appropriate

well-logging equipment capable of determining

90sp, 3H, and the trans-

uranics at sensitivity levels which will provide useful information for
the proper operation of a land burial site.

SUMMARY

A viable technique for the deter-

mination of 0

Sr by well-logging mea-
surement of bremsstrahlung radiation
is described. Detection limits are
given for determination of 905r as a
function of counting time and the con-
centration of interfering gamma-ray-
emitting radionuclides. Experiments
have been completed to determine. the
optimum detector configuration for
this technique.

The use of ultrathin plastic
scintillators for the direct well-
logging determination of tritium in
water is being investigated.

Passive neutron detection tech-
niques for quantitative analysis of
plutonium, americium, and curium iso-
topes in soil are being calibrated as
a function of soil moisture. Experi-
ments are in progress to determine
the sensitivity and detection limits
for measuring these actinides by photon

well-Togging.

DEVELOPMENT OF LOGGING SYSTEMS CAPABLE
OF MEASURING “Osr - R. L.
and H. L.

Brodzinski

Nielson

The bremsstrahlung radiation gen-
erated by the deceleration of 90Sr(goY)

beta particles can be detected with a
germanium diode spectrometer and used
to quantitatively determine 905r con-
centrations. This bremsstrahlung
contribution can be resolved even in
the presence of interfering gamma-ray-
emitting radionuclides. Figure 10.1
depicts a 90Sr(QOY) bremsstrahlung
spectrum superimposed on a typical
fission product gamma-ray spectrum as
measured from a well in homogeneously
contaminated soil. The major portion
of the bremsstrahlung activity falls
between 60 and 236 keV.

this energy range does not contain

Fortunately,

resolvable fission product photopeaks
in any of the systems studied thus

(1

are observed in this area; however,

far. Compton scattered photons

their contribution to the total num-
ber of integrated events can be cor-
rected for by quantative measurement
of the concentrations of the various
radionuclides that produce these in-
Since these

concentrations can be determined by

(1)

the number of scattered events in the

terfering gamma-rays.
measuring appropriate photopeaks,

60-236 keV range can be determined by
measurement of these full-energy peaks.
Subtraction of this Compton component
and the background from the integrated
area leaves the net contribution from
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<« Sr BREMSSTRAHLUNG SPECTRUM SUPERIMPOSED ON
NORMAL FISSION PRODUCT SPECTRUM IN SOtL
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FIGURE 10.1. Components of Gamma-Ray Spectrum from
Fission Products in Soil
9OSY‘(QOY)- Appropriate calibration a 3.482 mCi 905r source and a mixed
lTeads to quantitative ~"Sr concentra- fission source containing: 582.2 uCi
tion values. 137¢5, 89.88 uci ' 98Ry; 27.86 wci
The sensitivity of this well- 14400, 7,252 uci 13%s; 4.543 uci
logging technique for the determina- 1255b; and 1.167 uCi ]54Eu.

tion of OSr in typical fission pro-
duct activities was obtained using
point sources of various radionuclides
in a calibration facility filled with
Hanford sediments. Data representing
homogeneous distribution of the ac-
tivities in an infinite volume of soil
are obtained by normalizing each cali-
bration measurement to unit concentra-
tion of radioactivity in concentric
spherical shells and summing over all
The details of

this calibration technique and veri-

significant shells.

fication of its accuracy have been

(1,2)

given elsewhere and will not be

repeated here. Data were obtained

separately and in combination using

To avoid unnecessary expense, an
approximation was utilized in this
demonstration proof-of-concept ex-
periment. The fraction of Compton
scattered events in the 60-236 keV
range was not determined separately
for each gamma-ray-emitting fission
product, but was determined for the
"typical" mixture of fission products
described earlier. In this case, the
fraction of Compton events was not
measured relative to any particular
photopeak(s), but was measured rela-
in the

energy range 238-400 keV--an area also

tive to the scattered events

devoid of photopeaks from these radio-

isotopes. Simultaneous equations and



the spectral shape difference between
Compton scattered photons and brems-
strahlung radiation are used to deter-
mine net 905r contributions from a

9OSr and gamma-ray-emitting

mixture of
radionuclides. The energy range 60-
236 keV is called area No. 1, and the
energy range 238-400 keV is area

No. 2.

subscripts in the following equations.

These areas are identified as

Similarly, the letter B will denote
the bremsstrahlung contribution in an
area, and the letter C will be used
for the Compton contribution. The
net normalized values of B], 82’ C],
and C, are determined for a given
detector system as described earlier.
The spectral shape difference is
always such that B]/B2 > C]/Cz. To

905r contribution from

905r

determine the
a measurement of a mixture of
and gamma-ray emitters, let x denote
the net counts in area No. 1 and y

denote the net counts in area No. 2.

Then
B] + C] = X (1)
and 82 + C2 =y, (2)
From calibrations and definition
B-I/B2 =) (3)
and C,/C, = B (4)
17 >2 90
Solving for the Sr contribution,
- o (x-By)
By = =T ()

The validity of Equation 5 was demon-
strated experimentally by counting
known quantities of Sr in gamma-
emitting fission products.

In actual practice, these calcula-
tions would be done on-line in real
time, and the Compton contribution to

area No. 1 would be calculated and
subtracted for each individual radio-

nuclide contributing to the spectrum

based on calibrations with isotopic-""~
ally pure sources. In this opera-
tional system, the correction would

be determined by integration of ap-
proipriate full energy photopeaks with
automatic data processing equipment.
These calibrations also correct for
the bremsstrahlung contribution from
isotopes other than 90Sr(gOY).

Due to individual detector re-
sponse characteristics, it will be
necessary to calibrate each field
instrument separately. Since the
detectors used in these experiments
are not likely to be used as field
instruments, and since appropriate
ADP equipmenf was not available, the
approximation technique was used to
demonstrate proof-of-concept and to
obtain sensitivities and detection
limits in the most economical manner
possible. If this logging technique
proves to be the optimum method for

9OSr in a shallow-land

determining
burial ground, the field detector to
be used will be calibrated with in-
dividual radioisotopic sources, and
the Compton correction factors will
be based on full-energy photopeaks.
Two sizes of intrinsic germanium
diodes were used in these experiments
to determine which would be more sen-
sitive for measuring 90
One detector had an active

volume of 0.5 cm3, and the other was

102 cms.

could be expected to be more sensitive

Sr in a gamma-
ray field.

In theory, the larger diode

due to its higher efficiency. How-
ever, the smaller diode might be ex-
pected to be more sensitive since its
efficiency loss is greatest in the

gamma-ray energy range and only mini-

mal in the bremsstrahlung energy range.
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This results in an increase in the
signal-to-noise ratio and could lead
to enhanced sensitivity. Figures 10.2
and 10.3, detection 1imit curves for
these diodes as a function of count-
ing period and gamma-ray concentra-
tion, show graphically that the larger
diode demonstrated greater sensitivity
by about a factor of four under all
test conditions. These detection
limits were calculated by setting the
905r bremsstrahlung activity, B] in
Equation 5, equal to the statistical
uncertainty of all factors in the
right-hand side of that equation. As
can be seen in Figure 10.3, a 9OSr
concentration of less than 10 nCi
cm™3 can be detected in a fission
product gamma field of 100 nCi cm'3
in a counting period of only 10 sec.

Similarly, in a relatively gamma-free

environment, a 30
<0.01 nCi cm™3
less than 3 hr.
A paper entitled "A Well Logging
Technique for the In Situ Determina-
tion of 9OSr" by R. L. Brodzinski and
H. L. Nielson, based on these experi-
ments, has been submitted for publica-

Sr concentration of
can be measured in

tion in the Proceedings of a Symposium

on Recent Advances in Nuclear Analyti-
cal Methods to be held April 1-6, 1979,
in Honolulu.

A large-volume intrinsic germanium
diode has been acquired which is de-
signed specifically for well logging
applications and capable of use in
wells as small as 3 in. in diameter.
This detector is operable in any
orientation throughout 47 and is de-
signed for attachment of a neutron
source for in situ activation analysis.

| )lll!lll |
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FIGURE 10.2.

Bremsstrahlung Detection Limits for

QOSr

in Soil Contaminated with Gamma-Ray-Emitting Fission

Products Using a 0.5 cm3

Intrinsic Germanium Diode
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FIGURE 10.3. Bremsstrahlung Detection Limits for 905r
in Soil Contaminated with Gamma-Ray-Emitting Fission

Products Using a 102 cm

Although this detector was obtained
with other program funding, it will
be made available for testing and use
in this program.

DEVELOPMENT OF LOGGING SYSTEMS CAPABLE
QF MEASURING TRITIUM - A. C.
R. L.

Case and

Brodzinski

The direct well
ment of tritium in water utilizing
ultrathin plastic scintillators is
being considered. Methods are being
examined for applying this technique
to the analysis of gaseous as well as

logging measure-

agqueous tritium, for increasing the
sensitivity, and for reducing poten~

tiai interferences.

Intrinsic Germanium Diode

DEVELOPMENT OF LOGGING SYSTEMS CAPABLE
QF MEASURING ACTINIDES - R. L.

Brodzinski

Calibration of the passive neutron
detection technique has been initiated
of 16%. A
paper entitled "A Technique for the In

at a soil moisture level
Situ Determination of Transuranic Ele-
ments in Relatively Inaccessible Loca-
by R. L.
based on this research,
mitted for publication in the Proceed-

tions" Brodzinski, which 1is

has been sub-

ings of a Symposium on Recent Advances
Methods, to be
in Honolulu.

in Nuclear Analytical
held April 1-6, 1979,
Another paper entitled "A Technique

for In Situ Moisture Level Determina-

in Relatively Inaccessible

tions




Matrices" by R. L. Brodzinski, which
is a by-product of this research,
has also been submitted for the same
symposium.

Experiments are in progress to
determine the sensitivity and detec-
tion limits for measuring actinides
by photon well logging. The proce-
dures are similar to the OSr
bremsstrahlung experiments, and opti-
mum photopeak energies, diode con-
figuration, and interference rejec-
tion parameters are being determined.

241

Measurements have been made on Am,

243Am,

The large-volume germanium well log-

244Cm, and several Pu isotopes.

ging detector described above should
also prove useful in this portion of
the research.

REFERENCES
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11.0 MONITQRING AND PHYSICAL CHARACTERIZATION

OF UNSATURATED ZONE TRANSPORT

S. J. Phillips - Project Manager

The objective of this project is to develop monitoring instrumenta-
tion systems and burial media-waste characterization methods to evalu-
ate the migration of contaminants from disposal sites for low-level

solid waste.

SUMMARY

Transport of radionuclides in un-
saturated sediments was measured in
test columns in the laboratory.

60Co-EDTA complex and 5m

Tc were
tested at soil water contents less
than 50% saturation. Effluent break-
through curves were analyzed to deter-
mine the retardation factors and dis-
tribution coefficients for these

isotopes.
95m

The breakthrough curves of
Tc were similar to those of chlo-
ride at similar water contents.
60Co-EDTA breakthrough was retarded

95mr.. Batch Kd val-
95m

with respect to
60Co—EDTA and Tc generally
agreed with column Kd values, but the

ues for

column Kd values could be determined
with greater precision than batch Kd
values.

Field studies continued. Monitor-
ing of water transport by neutron
probe and weighing lysimeter were
evaluated. Comparison over a 35-day
period demonstrated agreement between
methods to within 20.2 cm (water depth
equivalents). Suitable agreement be-
tween methods requires field calibra-

tion of the neutron probe and account-

ing for mass transport of sediment
from the weighing lysimeter.*

LABORATORY ANALYSIS - G. W. Gee and

A. C. Campbell

Unsaturated column tests were con-
tinued. The experimental arrangement
for producing steady flow in unsatu-
rated columns was detailed in a pre-
vious report.(] The columns were
leached with a low-salt solution
[0.15 M NaNOB, 0.01 M KN03, and
0.002 M Ca(NOB)Z]'at a flow rate of
6.4 cm/day while the lower boundary
of the columns were controlled at a
43-cm H20 tension by a regulated

vacuum control. Tracer pulses of

95mTc and 60Co-EDTA were applied to
Table 11.1

shows the results of two tracer flow

the unsaturated column.

tests on soil B, a sandy soil repre-
sentative of surface soil materials
found near the 300 North Burial
grounds about 2 km southeast of the
Fast Flux Test Facility on the Han-
ford Reservation. (See previous re-
ports for physical characterization
of soil B.)

* See PNL-2377-4 for background mate-
rial related to this program.



11.2

TABLE 11.1. Calculated and Measured Breakthrough Curve
Parameters for 95mTc and 60Co-EDTA in Soil B

Pulse Period,(a) Pulse Volume Ratio
Isotope days Computed Measured R Factor Kd Column Kd Batch
dSmr 1.33 1.87 1.88 1.01  +0.001 -2.98 + 2
2.17 2.87 2.86 0.97 -0.003
60¢,_gpTA 1.33 1.87 1.88 1.39 0.039  0.06 * 1.0
2.17 2.86 2.86 1.34 0.034

a. Flow velocity was 6.4 cm/day at 43% saturation.

Kd values were calculated using the

equation ]
Kd = (R-1) =
where P
R = retardation factor
8 = volumetric water content
(cm3/cm3) )

p = soil bulk density (g/cm3).
The computed pulse volume ratios and
retardation factors in Table 11.1
were determined from a curve-fitting
routine (Wierenga, 1978, personal com-
munication) which best fit the efflu-
ent data to the normal convective-
dispersive equation. The computed and
the measured pore volumes are in ex-
The Kd (distribu-
tion coefficient) values from the

cellent agreement.

columns are in reasonable agreement
with each other for the two pulse
periods for each of the tested iso-
topes. The mean Kd values were -0.001
and +0.037 for technetium and cobalt,
respectively. A slightly negative Kd
value for technetium is not surprising
since technetium was in a negative one
valence state throughout the test and
hence was excluded from the exchange
sites of the clay present in the B
soil. The cobalt complex, on the

other hand, was slightly retarded, and

the low but positive Kd value of co-
balt correlated well with the observed
retardation.

The batch Kd values (determined in
the conventional manner and reported
in Table 11.1) for cobalt show good
agreement with the column Kd values
but suggest an even greater anion ex-
¢lusion than was observed. Anion ex-
clusion in soil B appears to be pres-
ent, as indicated by both column and
batch Kd evaluations. From additional
testing it was observed that the pore
volumes of effluent producing a rela-
tive concentration of 0.5 were 0.74 =
0.07, 0.90 + 0.03 and 1.19 = 0.04 for
chloride, technetium, and cobalt-EDTA,
respectively. Since breakthrough
occurs prior to one pore volume for
both chloride and technetium, it may
lend further support to anion exclu-
sion since chloride is also known to
be excluded from clay exchange sites.
However, the breakthrough prior to one
pore volume at 0.5 relative concentra-
tion can also be explained by the rela-
tive fraction of mobile water present.
Gaudet et al. (1977)(2) have shown
that as the fraction of mobile water
decreases the chloride breakthrough

occurs at an increasingly earlier



time because of water trapped in dead
end pores. Additional testing with a
noninteracting isotope such as trit-
ium and additional tests at lower
water contents should aid in assess-
ing both the contribution of anion
exclusion and the effects of "dead
end" porosity in causing the early
breakthrough observed in these un-
saturated columns.

FIELD MONITORING AND DATA EVALUATION -
M. D. Campbell, K. 0.
and G. W. Gee

Schwarzmiller,

Measurements were continued at the
field test site.
and soil

Temperatures of air
profiles have been monitored
1978.
Fiberglass resistance blocks and soil

at 2-hr intervals since July 14,

psychrometers with temperature thermo-
couples were fastened to a position-
ing frame and placed in the soil at
the 2.5, 5, 10, 15, and 30-cm depth
below the ring-leveled soil surface
in the north and south caissons.

These were connected to a Wescor Data

Logger and monitored at 2-hr intervals.

Lack of AC power at the site re-
quired special DC power arrangements.
A 200-amp-hr,
placed in the instrument caisson; and
triggered by the data

12-volt battery was

a remote switch,
logger when it turns on to scan, was
installed to turn on an inverter
which provides 120 volts AC power
necessary to operate the weighing
lysimeter readout system. This in-
stallation was completed August 14,
1978.

logged on 2-hr intervals, using a

Thereafter weight data were

bucking voltage on the Weightronix

(1ysimeter) analog output to bring

it in range for the Wescot Data Logger.
A combination power plant-welder and
some small battery chargers were pur-
After

some difficulty from leaving the power

chased to recharge the battery.

plant turned on, an automatic shutoff
system was designed and installed to
turn the power plant off when the bat-
tery was fully recharged.

During mid-August, an infrared op-
tical thermometer was borrowed for
monitoring surface temperature to be
compared with the in situ thermocouple
temperature values monitored by the
data logger. Although good data were
1978,

the rapidly changing weather has since

collected on August 15 and 16,

prevented our obtaining measurements
of maximum surface temperature and
detailed near-surface temperature pro-
files. The in situ temperature pro-
files look good; however, the surface
temperature has to be inferred.
Additional thermocouple psychro-
meters, resistance-type moisture
blocks, and heat dissipation units
were installed in the two large cais-
but modification of the heat

dissipation units has proven necessary

sons,

to maintain proper hydraulic contact
with the soil.
chrometers have not yielded useful

The thermocouple psy-

moisture data because the sensors can-
not detect water content or potential
changes when the water potential is

in the range from 0 to -1 bars. At
lower water potentials, which occur
near the soil surface, the sensors
show effects of thermal loads, and
outputs are erratic. On the other

hand, resistance blocks were observed
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to be sensitive to transient moisture
changes, particularly when the soil
is wet. Data evaluation of the ob-
served moisture changes has begun.
Neutron probe moisture data have
been collected and compared with ly-
simeter data, with agreement between
results to within about 0.2 cm of
water over the test interval (35-day
period). The test period was from
August 18 to September 22 (Jdulian
dates 230 to 265). During this
period, there was only one major pre-
cipitation event, when 1.5 cm of rain
was recorded on day 234. Four other
days had measurable precipitation, but
none of these events exceeded 0.2 cm.
Measurement comparisons were made six
times during the period. The data
were matched on August 18. On day
237, 4 days after the 1.5-cm rain-
storm, the neutron probe underesti-
mated storage by 0.20 cm. On day 265,

REFERENCES

1. A. M. Platt, compiler, Nuclear
Waste Management Quarterly Progress

Report April Through June 1978.
PNL-2378-2, Pacific Northwest Lab-
oratory, Richland, WA, November
1978.

at the end of the test period, the
neutron probe overestimated storage

by 0.25 cm. At all other measurement
periods, measurements of water storage
by neutron probe and by lysimeter
agreed to within 0.2 cm. The differ-
ence in water storage inferred from
lysimeter and neutron probe measure-
ments at the end of the test period
was probably caused by observed soil
losses from the lysimeter as a result
of wind transport. Although a cor-
rection was made for estimated losses
(15 kg), the actual loss may have been
15 kg larger, which would account for
the observed difference. The bare ex-
posed lysimeter surface requires care-
ful maintenance to insure at least
+0.2 cm precision in the water storage
measurements. This will require main-
taining the total soil weight to
within +5 kg.

2. d. P. Gaudet, H. Jegat, G. Vachaud,
and P. J. Wierenga, "Solute Trans-
fer, with Exchange Between Mobile
and Stagnant Water, Through Unsat-
urated Sand." Soil Sci. Soc. Am.
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DETECTION AND CHARACTERIZATION OF MOBILE ORGANIC

COMPLEXES OF FISSION PROJECTS

J. A.

Franz - Project Manager

The objective of this project is to determine the important mobile
or volatile nontransuranic organic complexes of fission and activation
products found in the storage of low-level waste in shallow-land burial
facilities and to determine the role of organic complexing agents in
enhancing the mobility of nuclides in soil.

SUMMARY

9]Zr nuclear

Detection of 93Nb and
magnetic resonance (NMR) transitions
was attempted without success, appar-
ently due to very short T] relaxation
times dominated by quadrupole relaxa-
tion. Previous studies of tartrate
and gluconate complexes of zirconium
were expanded to include EDTA and DTPA
complexes because these complexes were
found to exhibit up to 10°% M agueous
solubility. The study of these com-
plexes completes all planned work with
zirconium complexes. Procedures were
identified for detecting citrate
eluent in the ion exchange separation
Due to the

close relationship between nickel and

of technetium complexes.

cobalt complexes, the proposed work
with nickel complexes was deferred in
favor of the less well characterized
complexes of technetium. Combined
NMR/1liquid chromatography techniques
were developed for monitoring the

purification of technetium complexes.

IDENTIFICATION OF NUCLIDES AND
COMPLEXING AGENTS - J. A.

Franz

This task involves the continual
refinement of our existing data on

complexes and nuclides.
available data(]’z) dealing with

Recently

waste inventories of Maxey Flats and
Oak Ridge National Laboratory do not
include estimates of low-level non-
transuranics 93Zr and 952r. Thus,
while it is clear from inventories
that the major fission products such

10 239

as Co, Pu, et al. exist in sub-

stantial quantities and are subject

to organic-complex mediated migra-

(3) data for lesser nontransu-

93Zr

tion,
ranic isotopes such as 952r and
do not permit an absolute assessment
of their importance in PWR waste,
though it is a minor role.

STUDY OF MOBILITY CHARACTERISTICS OF
ORGANIC COMPLEXES - J. A.
Janet Russell

Franz and

In an attempt to better character-
ize the state of polymerization of
zirconium and niobium complexes of
EDTA, tartrate and DTPA, nuclear mag-

(]3C, g]Zr,
93

netic resonance techniques

93Nb) were examined.

and
Fourier transform nuclear magnetic
resonance (FTNMR) at 19.443 MHz was
attempted using tetrakis-(2,4-
pentanedionato) zirconium (IV) in

acetone-d6. In both cases no signal



" within 16 kHz of the assigned fre-
quencies could be detected using pulse
repetition rates from 0.01 to 1.0

sec. It is apparent that even for
these high-symmetry species quadru-
pole relaxation is very rapid, leading
to T, values of A4 sec. For useful
NMR spectra, line widths of observed
transitions must be a fraction of the
spectral width observed (800 Hz).
Since line widths are equal to 1/m

T2 or 1/m T (since T7 = Tz)s T
values should be >10-3 sec. The
planned study of T] versus State of
polymerization thus was not feasible
since T]'s of slowly rotating polymers
of zirconium and niobium complexes

are expected to have even shorter T1’s
and thus not be observable due to

very broad resonance lines.

EDTA and DTPA complexes of zirco-
nium were reexamined to determine
their solubility after previous
studies with tartrate and gluconate
complexes indicated that most soil
tests would be conducted at below
10'4 M. Both zirconium EDTA and DTPA
were found to be soluble to the extent
of 1 x 107% M and 3 x 107% m.
neither atomic absorption spectroscopy

Since

nor atomic emission spectroscopy was
found to be sufficiently sensitive
below these ranges, the 95Zr-spiked
complexes will be examined to augment
previously examined tartrate and giu-
conate complexes.

In support of work with both zir-
conium and technetium, analytical
procedures were further developed for
monitoring ion exchange column efflu-
ents by combined NMR/1iquid chroma-
tography techniques. Detection of
trace quantities of Zr:EDTA and
Zr:DTPA complexes in the 1074
wés successfully carried out by 1H
FTNMR.
complexes down to 10~

M range

Concentrations of organic
M in D0 are
accessible by this technique, allow-
ing monitoring of the 1iquid chroma-
tography effluent from ion exchange
columns for the separation of excess
complexing agent from organic com-

Figure 12.1 shows a 'H NMR
M Zr:DTPA in D,0.

In previous work, characterization
99

plexes.
spectrum of 1074
of Tc:citrate complexes and gch:
EDTA compiexes has been solely by
ultraviolet spectroscopy and electro-
phoresis.(4) This study's resuilts
will permit a much more detailed
characterization of technetium com-
plexes, including a correlation of
the oxidation state of gch with NMR
chemical shifts. The spectrum (Fig-
ure 12.1) of the zirconium complex

is representative of use of the
method, now underway, to characterize
This will

permit a more detailed correlation of

technetium complexes.

technetium compiex structure with
soil absorption characteristics.
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FIGURE 12.1.
CompTex, 10-4 M in D,0.

H FTNMR Spectrum at 79.54 MHz of 1:1
The resonances labeled a,

Zr:DTPA
b, and ¢

correspond to the 1igand hydrogens indicated in the depicted

structure (metal atom not shown for clarity).

Chemical

shifts are in parts per million (PPM) from external tetra-

methylsilane standard.
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13.0 ELECTROPOLISHING FOR SURFACE DECONTAMINATION
OF METALS
R. P. Allen and H. W. Arrowsmith - Project Managers

The objective of this program is to develop electropolishing as a
large-scale decontamination technique for radioactive metal surfaces.
Major program activities include 1) the establishment and operation of
a demonstration decontamination facility and 2) laboratory studies to
understand and optimize the decontamination process.

SUMMARY

The vibratory finisher was tempo-
rarily installed at the Hanford N-
Reactor for intensive testing of its
pretreatment capabilities. Results
showed that use of the vibratory fin-
isher rather than conventional chemi-
cal pretreatment methods not only re-
duced costs and personnel exposure,
but also effectively removed gross
contamination and concentrated the
contamination in the sludge tank.

Other pretreatment studies have
included evaluation of three chemical
stripping compounds, which have shown
promise in removing epoxy-type paints.
In addition, epoxy paints and other
tenacious surface materials have been
removed using a high-pressure, liquid-
plus-abrasive blaster.

Studies are under way to determine
the effectiveness of prepolishing
items that will become contaminated
in their service environment. Scan-
ning electron micrographs of the sur-
faces of as-received stainless steel
bars show not only macroscopic irregu-
larities but also a high density of
submicron-size imperfections capable
of entrapping contamination. Electro-

polishing removes essentially all

these microscopic imperfections and
rounds or smooths the large-scale sur-
face irreqularities.

DECONTAMINATION STUDIES

Decontamination studies have been
hindered this quarter as a result of
the accidental evaporation of nitric
acid fumes into the electropolishing
room. A heater in the rinse tank was
left on over a weekend, resulting in
significant corrosion damage to paint
and nonstainless steel components.
Cleanup operations have progressed
satisfactorily, and full operation of
the electropolishing facility is
scheduled to resume soon.

PRETREATMENT STUDIES

Substantial progress has been made
in further identifying and developing
the sectioning and pretreatment tech-
niques required to prepare contami-
nated material for final decontamina-
tion by electropolishing. A visit to
the International Machine and Tool
Show at Chicago, I17inois, resulted
in identification of several types of
shears, nibblers, and other types of

metalworking machines capable of
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sectioning stainless steel with a
minimum of waste and with a low prob-
ability of entraining surface contami-
nation. A heavy-duty nibbler that

can cut 0.25-in.-thick stainless

steel at cutting speeds up to 6 ft/min
has been ordered for evaluation.

The vibratory finisher was tempo-
rarily installed at the Hanford N-
Reactor for intensive testing of its
pretreatment capabilities using con-
taminated components generated by the
reactor's summer outage. Results
showed that the vibratory finisher is
very effective in removing gross con-
tamination and concentrating the con-
tamination in a recently acquired
sludge tank. For example, process
tube end caps and inserts treated in

the vibratory finisher (Figure 13.1)

were decontaminated to 15 mR/hr com-
pared to 245 mR/hr for inserts treated
by reqular chemical decontamination
methods. Cost comparisons performed
by United Nuclear Industries indicated
that the use of vibratory finishing

on process tube end caps and inserts
could save over $8000/yr in their
operations compared to regular chemi-
cal decontamination methods.

A 10% sodium hydroxide solution was
used as the compound during these
tests and was supplied at 7 gal/hr.
The frequency of the vibration was
1200 vyibrations/min and the amplitude

A total of 30.6 ft2 was
3

was 0.25 1in.
processed in 30 hr, producing 1.4 ft
of waste. Items decontaminated in-
cluded carbon steel process tube end

caps and inserts (Figure 13.2), an

PNL 7807723-15

FIGURE 13.1.

Process Tube End Caps and Inserts Being

Processed in the Vibratory Finisher




.3

As-Receijved

PNL 7807723-10
FIGURE 13.2.

Vibratory-Finished

Before and After Comparison of Process Tube

End Caps and Inserts Decontaminated in the Vibratory Fin-

isher.
in one batch.

electric pump motor housing (Figure
13.3), and various hand tools. The
most dramatic reduction in radiation
level occurred on an end cap--from
1.5 rad/hr to 200 mrad/hr in 4 hr
processing time.

Another item processed was a ball
(Figure 13.4),
constructed of stainless steel with

channel inspection tool

rubber tubing covering about two-
thirds of its length.
els on the tool were reduced from
1.5 rad/hr to 70 mrad/hr, with a
300-mrad/hr hot spot on the tubing.
This was our first example of decon-

Radiation ley-

tamination of a nonmetallic item by
yibratory finishing.

The sludge tank, added to the com-
pound handling system to facilitate
removing secondary waste from the
vibratory finisher, functioned ef-

Note that 12 end caps or 32 inserts can be processed

This tank
was double-lined with plastic sheets

fectively in these tests.

and positioned just behind the machine
drain. A plastic pipe directed the
effluent from the machine to the tank
bottom. The liquid compound was
skimmed from the surface through the
sludge tank baffle device. It was
then pumped by a plastic submergible
pump through 5-um filters and a flow-
meter into the vibratory finisher bin.
The sludge containing the radioactive
contamination settled to the tank
bottom and could be removed easily by
1ifting out the liner containing the
waste.

Earlier studies have demonstrated
the need to run the machine only when
loaded to capacity to minimize waste
generation since this is mainly a

function of run time. Since the



PNL 7807723-12

FIGURE 13.3. Electric Pump Motor Housing Decontaminated in
the Vibratory Finisher During the N-Reactor Demonstration.
(A 5-in. wrench has been added for size comparison.)

PNL 7808508-15

FIGURE 13.4. Ball Channel Inspection Tools Constructed of Stainless
Steel and Rubber Tubing Decontaminated by Vibratory Finishing
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vibratory finisher has been returned
from Hanford N-Reactor, testing has
been under way to determine the maxi-
mum surface area of material that can
be effectively processed in the vibra-
Results of this effort
have shown that running a variety of

tory finisher.

sizes together (e.g., 4 x 24, 2 x 24,
and 1 x 24 in. pieces) permits pro-
cessing a higher volume of material
with more effective results. To date
a total of 61.1 ftz of stainless steel
has been successfully processed at
one time.

Three types of chemical stripping
compounds are being evaluated as part
of our pretreatment studies. These
compounds have been tested on Amer-
coat® paint and Carbolene® (an epoxy-
type paint) and will be tried on epoxy
adhesives such as those used on glove
The

most effective of the stripping com-

box components from Rocky Flats.

pounds was a mixture of formic acid
and methylene chloride. This compound,
which would be suitable for use in an
immersion tank, removed the Amercoat®
in 4 min and the Carbolene® in 10 min.
In other pretreatment studies, a
high-impact spray washer has been
ordered, which operates at 250 psi and
delivers 175 gal/hr.
be used with hot chemical stripping
compounds and also will be able to
circulate chemical decontamination
solutions for comparison studies.
Cold tests using a high-pressure,

This washer can

liquid-plus-abrasive blaster indicate
that this also will be a very effec-
tive pretreatment method for removing

® Registered trademarks of 1) Ameron,
Inc., 201 North Berry St., Brea, CA,
and 2) Carbolene Co., 350 Hanley
Industrial Court, St. Louis, MO.

5

epoxy paints and other tenacious sur-
The liquid blaster
has been placed in the greenhouse in

face material.

preparation for tests with contami-
nated material.

COMMERCIAL APPLICATIONS

Our electropolishing decontamina-
tion techniques are now being success-
fully applied by two commercial firms.
These firms are offering to nuclear
facilities electropolishing decontami-
nation services designed to signifi-
cantly reduce down-time and personnel
exposure. They decontaminate such
items as charging pumps, valves, tools,
tubing, blades, and shipping casks.

In addition, they are proposing the
use of in-situ techniques on steam

dgenerators and heat exchangers.

PREPOLISHING STUDIES

Experience has shown that the sur-
faces produced by electropolishing are
easier to clean using swab and other
standard decontamination techniques
than are metal surfaces with a normal
as-received finish. The highly pol-
ished surface produced by the electro-
polishing treatment substantially re-
duces the time and radiation exposure
required for subsequent decontamina-
tion using conventional techniques.

These observations suggest the use
of electropoiishing to prepolish the
surface of items that become contami-
nated in their normal service environ-
ment to facilitate subsequent decon-
tamination and possibly even to reduce
This
application of electropolishing should

the initial contamination level.
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be useful for large components and
surfaces such as shipping casks and
refueling pool walls as well as for
many types of smaller items, provided
that the surfaces are not degraded by
the service environment.
Prepolishing's effects on the de-
contamination behavior of metal sur-
faces can be understood qualitatively
through comparing surface character-
istics of typical as-received material
with those of electropolished mate-
rial. Figure 13.5 is a scanning
electron micrograph of the surface of
as-received 304L stainless steel bar
with a hot-rolled, annealed and pick-
led (HRAP) finish. The HRAP surface
shows the expected macroscopic ir-
regularities, but most important from
a decontamination standpoint are the
high-density of submicron-size imper-
fections capable of entrapping and

retaining contamination. Figure 13.6

PNL 7804470-1

FIGURE 13.5. Scanning Electron Micro-
graph of an As-Received HRAP 304L
Stainless Steel Surface Showing the
High Density of Microscopic Surface
Imperfections

6

FIGURE 13.6.

PNL 7804470-1

Scanning Electron Micro-
graph of 304L Stainless Steel Electro-
polished for only 15 min, Illustrating
the Essentially Complete Removal of the
Microscopic Surface Imperfections

shows the same surface material after
electropolishing for 15 min in 85%
H3P04. The large-scale surface ir-
regularities are still present, but
rounded. However, the electropolish-
ing treatment has removed essentially
all

Furthermore,

the microscopic imperfections.

the removal of these sub-
micron imperfections occurs rapidly
compared with the overall smoothing
process. Figure 13.7 shows the sur-
face produced by electropolishing the
as-received material under the same
conditions for only 5 min, correspond-
ing to the removal of about 4 um of
metal.

have been eliminated, whereas general

The microscopic imperfections

smoothing of the surface is just
beginning.

Mechanically finished surfaces rep-
resent an intermediate case between
mill and electropolished finishes with
respect to density of microscopic im-

perfections. Figure 13.8, for example,
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PNL 7804470-1
FIGURE 13.7. Scanning Electron Micro-
graph of 304L Stainless Steel Electro-
polished for only 5 min, Illustrating

the Rapid Removal of the Microscopic
Surface Imperfections

is a scanning electron micrograph

of the surface produced by mechani-
cally polishing 304L stainless steel
to a No. 4 finish., Although the re-
sulting surface is very flat and free
of macroscopic irregularities, the
scratches introduced by the grinding

13.

7

PNL

7804470-2

FIGURE 13.8. Scanning Electron Micro-
graph of 304L Stainless Steel Mechani-
cally Ground to a No. 4 Finish, Produc-
ing a Flat Surface with a Moderate
Density of Microscopic Imperfections

process are still potential traps

for contamination. It should be

too, that the electropolished
finish is both superior for decontami-

noted,

nating and usually much less expen-
sive than a mechanically polished
finish.
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