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ABSTRACT

Mechanical tests following gamma irradiation and creep
tests during irradiation have been conducted on high-
density polyethylene (HDFE) to assess the adequacy of
this material for use in high-integrity containers
(HICs). These tests were motivated by experience in
nuclear power plants in which polyethylene electrical
insulation deteriorated more rapidly than expected due
to radiation-induced oxidation. This suggested that
HDFE HICs used for radwasce disposal might degrade
more rapidly than would be expected in the absence of
the radiation field'.

Two types of HDPE, a highly cross-linked rotationally
molded material and a non-cross-linked blow molded
material, were used in these tests« Gamma-ray
irradiations were performed at several dose rates in
envrionments of air, Barnwell and Hanford backfill
soils, and ion-exchange resins* The results of ten-
sile and bend testing on these materials following
irradiation will be presented along with preliminary
results on creep during irradiation.

INTRODUCTION

High integrity containers (HICs) provide one option under "10 CFR Part
61 (Licensing Requirements for Land Disposal of Radioactive Waste) for
meeting the stability requirements for class B and C radioactive waste.
The State of South Carolina has already licensed HICs from the Philadelphia
Electric Company, Chen-Nuclear Systems, Incorporated and Hittman Nuclear
and Development Corporation for disposal of low level radioactive waste in
the Barnwell, SC, land burial site. Other licenses for HICs are pending.

High-density polyethylene (HDPE) is the material used to fabricate
most of these HICs, including those already licensed and those under con-
sideration for licensing*

*Work performed under the auspices of the U.S. Nuclear Regulatory
Commission. * ' * M A t i f i c
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To provide a data base to assist in assessing the adequacy of HDPE for
HICs, Che U. S. Nuclear Regulatory Commission (NRC) contracted with
Brookhaven National Laboratory to test the radiation resistance of two
types of HDPE, Marlex CL-100 and Chemplex 5701. Marlex CL-100 is a highly
cross-linked HDPE produced by the Phillips Chemical Company while Chemplex
5701 is a non-cross-linked, high-molecular weight HDPE which contains a
small percentage of hexene. Chem-Nuclear Systems uses Marlex CL-100 to
fabricate HICs by rotational molding. Chemplex 5701 is used by Plasti-Drun
Company to blow mold 55 gallon drums, which are not HICs.

Part of the motivation for conducting these tests stems from nuclear
plant experience in which polyethylene electrical insulation deteriorated
more rapidly than expected.(^) Since no description of the electrical
insulation in Reference 1 was given beyond specifying it as polyethylene,
further comparison to the HDPE materials tested in this work cannot be
made. The deterioration was reported to have been caused by radiation-
induced oxidation of the polyethlene in the low dose rate environment of
the nuclear plant. This process is slow due to the low permeability of
oxygen in polyethylene. Therefore, traditional radiation resistance tes-
ting performed at high dose rates for short times has tended to under-
estimate the degree of deterioration that has occurred in long term, low
dose rate exposure.

Radiation induced oxidation would clearly be a concern for any contem-
plated long-term storage of polyethylene HICs in air. Additionally, stud-
ies on trench gas compositions at radwatse burial sites indicate that oxy-
gen may also be present in the trenches.(2,3) Specifically, dataC2)
from the Beatty, NV, site suggest that trench gas at arid burial sites may
have essentially the same oxygen content as air, and data(^»3) from the
West Valley, NY, and Maxey Flats, KY, sites indicate that, in trenches at
wet disposal sites, the oxygen content of the trench gas may be depleted,
but oxygen will still be present. The trench gas at West Valley appeared
to have stabilized at about 3% oxygen while that at Maxey Flats had nearly
the same oxygen content as air.

Another concern is whether the creep properties measured on unirra-
diated polyethylene provide realistic estimates of creep during irradia-
tion. In fact, irradiation during creep testing increased the creep rates
in all polymers tested,(^»5) although polyethylene itself was not tested.
Additionally for all polymers tested, creep rates increased during irradia-
tion as the dose rate increased and as the thickness increased for all
polymers except polystyrene.

To investigate the radiation resistance of HDPE, tensile and bend
tests were performed following irradiation, and creep testing was conducted
during irradiation. For the tensile and bend testing, samples were irra-
diated at several dose rates in air, backfill soils from the Barnwell, S.C.
and Hanford, WA, radioactive waste burial sites and in ion-exchange (IX)
resins. Creep tests during irradiation were conducted in air. Irradia-
tions, where the HDPE specimens had unlimited access to air, were conducted
to determine a baseline of performance of the mechanical properties of
HDPE. (The results of Clough and Gillen in Reference 1, suggest this may
be the worst case*) This baseline performance of HDPE irradiated in air
also provides the data base from this work to assist In the assessment of
possible consequences of storage of HICs in air before disposal*



The purpose of the irradiations in the soils and IX resins was to pro-
vide a more realistic approximation to burial conditions. The HIC will
certainly be in contact with backfill soil and IX resins are perhaps the
most common type of radwaste disposed of in these containers. It was of
interest to determine whether irradiation of HDPE in the soils or the IX
resins might cause any interaction or reaction between an HIC and its ex-
ternal or internal environment. Comparison of the results of mechanical
testing following irradiation in these environments with the results from
the air irradiations may, or may not, confirm that irradiation in air is
the worst case. The IX resins may exclude oxygen entirely since they react
with oxygen during irradiation.(&/

The results presented in this report are preliminary since these in-
vestigations are still under way. Therefore,.the conclusions presented in
this report are tentative. The task of providing a data base has required
the irradiation and testing of a large number of samples and much data from
many more samples is still to be acquired.

EXPERIMENTAL

Irradiations for the tensile and bend testing were performed in the
BNL Co-60 gamma pool facility at 10-ll°C, at dose rates from 2.5 krad/h
to 93 krad/h and in environments of air, backfill soils from the Barnwell,
SC, and Hanford, WA land burial sites and dewatered ion exchange (IX) res-
ins. Temperature was monitored by observing pool temperature. This was
found to be accurate to within 1°C by measurments using a thermocouple in
the 4.6 M (15 ft) air tubes. For irradiations in the soils and IX resins
the temperature was checked by inserting a thermometer into the medium
immediately upon removal of the container from the air tube following irra-
diation. The temperature measured in this way was also found to be within
1°C of pool temperature. The highest dose rate used in these tests,
93 krad/h, was chosen to allow irradiation to 100 Mrad in a reasonable time
(45 days). The dose value of 100 Mrad was based on the NRC's requirement,
as stated in the Technical Position on Waste Form, May 1983, that, "No
significant changes in material design properties should result following
exposure to a total accumulated dose of 10° Rads." The lowest dose rate
used, 2.5 krad/h, was the lowest available. The IX resin formulation used
was a 1:1 mixture of a strong-acid cation resin and a strong-base anion
resin. The resin mixture was loaded with soluble contaminants and insolu-
ble corrosion products (crud) according to an analysis of spent PUR mixed
bed IX resins.(') Test samples were placed in 0.075 m x 0.3 m (3 in.
diam. x 12 in. high) Pyrex containers for irradiation. Air flowed through
the container at a rate, of 100 cmVmin for the air irradiations. For
irradiation in the soils and IX resin, the test samples in the container
were completely surrounded by and covered with well tamped soil or resin.

Radiochromic film was used for dosiroetry* The accrued dose may vary
as much as +10% from the value indicated by the film. The films used are
regularly calibrated against other films which are traceable to the
National Bureau of Standards.

Test specimens were stamped or machined from Chemplex 5701 and from
two varieties of Marlex CL-100. The Chemplex was taken from the side walls
of blow-molded 55-gallon drums purchased from Plasti-Drum Company. One



variety of Marlex CL-100, hereafter called non-HIC Marlex, came from a
rotationally molded container purchased from Poly-Processing, Inc., Monroe,
LA. The other Marlex CL-100 was actual HIC material provided by
Chem-Nuclear, Inc.

Tensile testing was performed according to ASTM D-638 (Tensile Prop-
erties of Plastics) at a testing speed of 0.05 m/min (2 in./min). ASTM
Type IV specimens, for material <0.004 m (0.160 inch) in thickness, suf-
ficed for the Chemplex and non-HIC Marlex materials while ASTM Type III
specimens, for material 0.007-0.014 m (0.28 - 0.55 in) in thickness, were
required for the Marlex HIC material, which was typically about 0.013 m
(0.500 in.) thick. The Type,IV specimens were stamped, as recommended in
D-638, using Die C as described in ASTM D-412. The Type III specimens were
machined. Bend testing was performed according to ASTM D-790 (Flexural
Properties of Plastics and Electrical Insulating Materials). Testing was
performed within three days of the end of irradiation. Creep testing
during irradiation has been performed on Type IV tensile specimens In
equipment built for this study. The Type IV tensile specimens are clamped
into self-aligning holders and lowered down air tubes in the BNL gamma pool
and locked into place. Cables from the sample holders pass over pulleys
and are attached to weight pans. Weight added to the pans supply the creep
stress and pan movement provides the creep measurement.

RESULTS AND DISCUSSION

Qualitatively, the tensile tests results on the three HDPE materials
were quite similar. Differences were noted mainly in details. However,
there was at least one notable difference in characteristics between the
Chemplex and Marlex materials which appeared to be related more to the con-
tainer manufacturing processes than to material differences. Bend tests
results show a substantial difference between Chemplex and Marlex and are
probably material specific. The results of creep testing during irradia-
tion are preliminary as the data is incomplete at this point.

Tensile Testing

Figure 1 shows a series of typical tensile stress vs elongation vs
dose curves for Marlex HIC material irradiated in air at 10-11°C at a
dose rate of 93 krad/h. Curves similar to those shown in Figure 1 are also
obtained for the non-HIC Marlex and Chemplux. For this reason, results for
the different materials will not be presented separately. The unirradiated
and 9.3 Mrad curves show stress rising to a -jaximum (which is defined as
the yield point, stress or strength) followed by a decrease to a constant
stress until the break occurs. In the region of decreasing stress follow-
ing the yield point neck formation occurs for all three materials* The
constant-stress portion of the curve results from neck propagation.
Figure 2 illustrates necking in Chemplex. Irradiation eventually causes
the loss of necking behavior. The 47 Mrad and 93 Mrad curves in Figure 1
evidence this from the absence of the transition to a region of constant
stress. Loss of necking behavior following irradiation is accompanied by
the appearance of cracks In these materials. In a specimen irradiated to a
dose beyond which no necking occurs, failure results when one of these
cracks propagates through the specimen.
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Figure 1. Three-dimensional plot of tensile stress vs ^
vs gamma ray irradiation dose for Marlex CL-100 HIC
material. The irradiations were performed in air at
10°C and 93 krad/h.
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Figure 2. A tensi le t es t specimen of unirradiated CHEMPLEX 5701
with a half-inch neck developed (top) compared to an
impulled specimen.
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Figure 3 . Closeup of the narrow section of a cracked and broken
tensile test specimen machined from MARLEX CL-100 HIC
material. The specimen, embedded in Barnwell soi l ,
was irradiated to a dose of 8.5 Mrad at a rate of
11 krad/h.



Tensile data for non-lUC Marlex irradiated at various dose rates in
air, Barnwell and Hanford soils and IX resins are listed in Table 1.
Figures 4 and 5 plot relative yield stress and relative elongation at yield
vs dose while Figure 6 shows relative elongation at breack vs dose. These
data are presented relative to the values obtained for unirradiated mate-
rial, which are: 18.8 + 0.2 MPa (2730 + 30 psi) for the yield stress, 21 +
1% for the elongation at yield and 300 + 100% for the elongation at break.
The values found for the yield stress, elongation at yield and elongation
at break, respectively, for unirradiated HIC Marlex were 19.9+1.3 MPa
(2880 + 185 psi.), 32 + 1%, and 217 +_ 98%. Similarly, for unirradiated
Chemplex 5701, we found values of 23.9 + 0.8 MPa (3460 + 120 psi), 15.4 +
1.6% and 946 + 96%. The data listed in Table 1 for the non-HIC Marlex and
the data (not shown) for Chemplex and HIC Marlex can be summarized in the
following statements:

• The relative tensile properties of Chemplex 5701 and the two types
of Marlex CL-lOO investigated in this task change in generally
similar ways following irradiation under the conditions of this
study.

• The relative yield strength generally increases with increasing
dose (See Figure 4).

• The majority of points support no dose rate effect on the relative
yield strength for dose rates above *-10 krad/h. However, data
taken at low dose rates and low total doses suggest the possibility
of a dose rate effect at dose rates below 10 krad/h.

• The relative elongation at yield generally decreases with increas-
ing dose (see Figure 5).

• The majority of points support no dose rate effect on the relative
elongation at yield for dose rates above approximately 10 krad/h.
However, data at lower dose rates and low total doses suggest the
possibility of a dose rate effect at dose rates below 10 krad/h.

• The-relative elongation at break generally decreases with increas-
ing total dose. There is a initial rapid decrease in this property
for a dcse of about 10 Mrad. Above a dose of approximately
10 Mrad, relatively little change occurs. This appears to be con-
sistent with the transition from necking to cracking before failure
(see Figure 6).

• Data in soil and air suggest that the relative elongation at break
decreases with decreasing dose rate (see Figure 7).



TABLE 1. TENSILE TEST DATA ON IRRADIATED ROTATIONALLY MOLDED MARLEX

CL-100 NON-I1IC MATERIAL RELATIVE TO UNIRRADIATED MATERIAL11 »b

Dose
(Mrad)

0

9.3
47
93
8.6
9.5
25
2.7

9.7
8.5
50
25

50
8.5

13
3.0

Dose Rate
(krad/h)

93
93
93
17
5.7
14
2.5

58
11
58
11

58
11

79
3.7

Environment

air
air
air
air
air
air
air

Barnwell soil
Barnwell soil
Barnwell soil
Barnwell soil

Hanford soil
Hanford soil

IX resin
IX resin

Relative
Yield StreSw

(Z)

100 j

106 H
105 "
115 H
107 H
111 H
115 H
131 j

108 H
107 H
137 H
128 H

127 H
117 j

115 H
117 j

L 1 C

h 1.5
P 1.1
h 1.5
F 1.8
h 1

r 4.4
[1.8

1- 1.8
F 0.6
F2.6
[ 2.8

h 1.6
h 1.0

- 5.6
: x* 2

Relative
Elongation
at Yield

(%)

100 +

95.2 +
83.3 +
89 +
97.6 +
73.3 +
65.7 +
78.1 +

97.6 +
91.4 +
59.5 +
67.6 +

64.3 +
71.4 +

77.1 +
77.1 +

•m 4.7°

4.7
: 2.4
: 8.1
: 2.4
0

: 3.8
" 4.3

4.3
: 0
" 4.3
" 3.3

2.4
" 0.0

3.8
'. 3'8

Relative
Elongation
at Break

100 +

34 4
14 +
12 +
22 4
14.3 +
10.3 +
31.7 +

27.7 +
20.7 +
12.3 +
13.0 +

11.3 +
18.7 +

35.7 +
20.0 +

33C

• 2
: 1
: 1
: 1
r 1.3
: 1.0

• 7 * °

• 3.0
: 3.0
: 2.3

: °-7
2.0

• 5.3

7.0

aIrradiations were performed in the BNL Co-60 gamma facility at 10-ll°C.
Tensile testing was performed according to ASTM D-638 (Tensile Properties
of Plastics) using three Type IV specimens per test. Test specimens were
stamped (ASTM D-412, die C) from the sidewall of a 1200-gal rotationally
molded container purchased from Poly-Processing Co., Monroe, LA.
^Five unirradia'ed specimens were tested. Three irradiated specimens
were tested.

cValues are cite.̂  with an estimate of relative precision. The actual
error in the values are in some cases larger due to the uncertainty in the
value for the unirradiated material.
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Figure 4. Relative yield stress vs dose for Marlex CL-1OQ irradiated in
air at a dose rate of 93 krad/h (solid line) and 14 to 17 .krad/h
(dashed line).

Figure 5. Relative elongation at yield vs dose for Marlex CL-100 Irra-
diated in air at dose rate of 93 krad/h (solid line) and 14 to
17 krad/h (dashed line).
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Figure 6. Relative elongation at break vs dose for Marlex CL-100
irradiated in air at dose rate of 93 krad/h (sclid line)
and 14 to 17 krad/h (dashed line).
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Figure 7. Relative elongation at break vs dose rate of Marlex CL-100
irradiated in air (solid line) and soil (dashed line) to a
total dose of approximately 9 Mrad.



Bend Testing

The results of bend tests on irradiated Marlex HIC material are illus-
trated by the curves in Figure 8. These data show that the stiffness of
the Marlex HIC material increases significantly upon irradiation. As in
the tensile test results described above, these tests also showed that the
inside surface of thi- material cracks upon bending. However, this surface
.only cracked in tension and not in compression in samples irradiated up to
up to 50 Mrad. As in the tensile tests, the onset of cracking in the bend
tests was dose and dose rate dependent but was not noticably affected by
the environment (i.e., air, soil, or resin). For specimens, irradiated up
to 50 Mrad, while cycling in the bend test machine did cause cracks, these
cracks did not propagate beyond the surface.

3-

LO zo ao
Outer Fiber Strain (%)

4,0 5.0

Figure 8. Bend test curves for irradiated Marlex CL-100 HIC material
tested according to ASTM D-790. Normalized to value of
100 Mrad test at 51 outer fiber strain (41 MPa).

The Chemplex behaved differently in the bend testing (data not shown).
It did not get noticeably stiffer following irradiation until doses of



approximately 50 Mrad had been, attained and the effect was much smaller
than that observed for the Marlex. The Chemplex did not crack upon cycling
in the bend test machine.

Creep During Irradiation

Preliminary results have been obtained from creep testing of Type IV
tensile specimens of Chemplex and non-HIC Marlex irradiated at 5 krad/h and
10-11°C. These results indicate that the initial creep rate is probably
faster in the irradiated test samples than in the unirradiated controls but
chat, as the dose accumulates with time, the creep rates of the irradiated
samples may slow to values no greater than, and possibly less than, those
of the controls. A problem with the environmental temperature controller
for the unirradiated controls caused the temperature to drop to between
6 and 7&C for a period of several days during testing. This difference
from the nominal 10-11°C may affect the creep rate of the controls and
so no quantitative estimates of the change in creep rate can be presented
at this time. These tests are continuing and further tests at s higher
dose rate in addition to the tests at 5 krad/h are planned.

CONCLUSIONS

The results of mechanical testing of HDPE following irradiation has
shown that irradiation increased the strength, as indicated by the increase
in yield stress and bending stress, and caused these materials to become
less tolerant of deformation, as measured by che decreases in both elonga-
tion at yield and elongation at break. The usual terminology for such
changes as described above would be that the material had embrittled. How-
ever, since test specimens of these materials irradiated to 50 Mrad (sam-
ples irradiated to 100 Mrad have not yet been cycled in the bend test)
tolerated tensile deformation exceeding 10% and did not break under cyclic
bend testing, the term brittle hardly seems appropriate.

The effects of irradiation are sensitive to the total dose. The ef-
fects of the different irradiation environments (air, soils and IX resins)
in modifying the changes in characteristics produced by irradiation are not
clear. The data in the dose range from 25-50 Mrad (Table 1) may suggest
that the increase in yield strength is greater and the elongation at yield '
decreases more when test samples are irradiated In soil. However, differ-
ences in dose rates between the air and soil irradiations may also account
for these differences.

The increase in tensile strength shown by all of these materials
appears to be significant even at doses of only a few Mrad when the dose
rate is low. The increase in stiffness of the Marlex, as indicated in the
bend test results, contrasts with the lack of increase in stiffness of the
Chemplex up to 50 Mrad. We do uot know whether this difference in the
relative stiffness of the two irradiated materials is related to the fact
that, before irradiation, tha Chemplex is non-cross-linked while the Marlex
is highly cross-linked or to the different container fabrication processes
or to other factors. It does not appear that we have observed any effects
attributable to radiation-induced oxidation in results to date* Specifi-
cally, there has been no decrease in tensile strength from the irradiations
in excess a*r- The tensile results presented in this report are all



consistent with radiation-induced cross-linking in polyethylene.(9) This
suggests that radiation induced oxidation at 1Q-11°C nay be a very slow
process. At this point, it is not possible to assess the impact of these
results upon performance of HDPE HlCs.

During irradiation, there is a transition from behavior characteristic
of unirradiated material (i.e., necking behavior) to behavior characterized
by cracking and breaking without necking. This change appears to make
these materials less tolerant of deformation before failure. This transi-
tion has not occurred below 3 Mrad in this work. When the type of failure
is plotted as a function of dose vs dose rate, the transition from necking
to cracking behavior appears linear on a log-log scale. The relationship
obtained from these plots for both Marlex materials is

% = 77000 (R) 0' 4 6

and for Chemplex is

Pn - 29000

where DN is the dose (rad) up to which necking predominates at a dose
rate of R(rad/h).

Table 2 presents estimates of DN and the time to reach DN for
several dose rates using these equations. The values of % and the time
to dose at the lower three dose rates in Table 2 represent extrapolations
from the data obtained in this study. The dose rates were chosen to
bracket estimated initial dose rates for highly loaded IX resin waste.

TABLE 2. ESTIMATES OF THE DOSE AND TIME-TO-DOSE FOR THE
NECKING-CRACKING TRANSITION FOR MARLEX CL-100 AND CHEMPLEX 5701

Time to DJJ
Material R(rad/h) Djj(Mrad) (Days)

Marlex CL-100a
Marlex CL-100
Marlex CL-100
Marlex CL-100

Chemplex 5701b

Chemplex 5701
Chemplex 5701
Chemplex 5701

Calculated from DJJ
^Calculated from DJJ

2000
1000
500
100

2000
1000
500
100

- 77000 (R
- 29000 (R

2.5
1.8
1.3
0.62

2.5
1.6
1.1
0.43

)0.46.
)0.59.

52
75
110
260

52
70
92
180



consistent with radiation-induced cross-linking in polyethylene.(9) This
suggests that radiation induced oxidation at 1O-11°C may be a very slow-
process. At this point, it is not possible to assess the impact of these
results upon performance of HOPE HICs.

During irradiation, there is a transition from behavior characteristic
of unirradiated material (i.e., necking behavior) to behavior characterized
by cracking and breaking without necking. This change appears to make
these materials less tolerant of deformation before failure. This transi-
tion has not occurred below 3 Mrad in this work. When the type of failure
is plotted as a function of dose vs dose rate, the transition from necking
to. cracking behavior appears linear on a log-log scale. The relationship
obtained from these plots for both Marlex materials is

% - 77000

and for Chemplex is

% - 29000

where DN is the dose (rad) up to which necking predominates at a dose
rate of R(rad/h). -

Table 2 presents estimates of DN and the time to reach DN for
several dose rates using these equations. The values of Dy and the time
to dose at the lower three dose rates in Table 2 represent extrapolations
from the data obtained in this study. The dose rates were chosen to
bracket estimated initial dose rates for highly loaded IX resin waste.

TABLE 2. ESTIMATES OF THE DOSE AND TIME-TO-DOSE FOR THE
NECKING-CRACKING TRANSITION FOR MARLEX CL-100 AND CHEMPLEX 5701

Time to %
Material R(rad/h) %(Mrad) (Days)

Marlex CL-100a
Marlex CL-100
Marlex CL-100
Marlex CL-100

Chemplex 57Olb

Chemplex 5701
Chemplex 5701
Chemplex 5701

Calculated from D^
^Calculated from DJJ

2000
1000
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100

2000
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100
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2
1
1
0

2
1
1
0
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For wastes whose activity is dominated by isotopes with half lives on
the order of 30 yrs. (e.g., Cs-137), such that the total accumualted dose
would be 10** rad, the dose rate to which the container may be exposed
upon loading would be approximately 250 rad/h. Based on this loading, one
year after loading, the accumulated dose would be approximatley 2.3 Mrad.
Similarly, wastes whose activity is dominated by isotopes with half lives
of 5 years (e.g., Co-60), loaded such that the total accumulated dose would
be 10° rad, the dose rates to which the container would be exposed upon
loading is approximately 1500 rad/h. In this case, one year after loading,
the accumulated dose would be approximately 13 Mrad. It should be noted
that these estimates of anticipated dose rates and doses are probably con-:
servatively high since they neglect container geometry and self-shielding
by the reisn wastes. Using these dose rates as a benchmark for expected
field conditions, however, leads one to conclude that embrittlement of UDPE
in HIC could occur within 2 months to a year. While there are large uncer-
tainties associated with this estimate, based on the preliminary data pre-
sented in this report, it would appear that the consequences of such em-
brittlement during storage should be considered in the design of HICs made
from HOPE. In any case, the transition appears to be dose rate dependent
and occurs at lower total doses for lower dose rates.

ACKNOWLEDGMENTS

The authors thank Drs. K. J. Swyler, P. L. Piciulo, R. E. Sarletta,
R. E. Davis, and E. P. Cause and Ms. C. E. Shea for valuable comments on
and assistance with this work. We would also like to acknowledge the
efforts of Messrs. J. D. Smith, C. F. Ruege, and W. Becker for their
contributions in building the devices for creep testing during irradiaton.
The authors express their gratitute to Ms. N. Yerry, M. McGrath, and
E. Pinkston for their preparation of the manuscript. Finally, the authors
acknowledge Chem-Nuclear Systems, Inc. for providing the HIC Marlex mate-
rial used in these tests.

REFERENCES

1. R. L. Clough and K. T. Gillen, "Investigation of Cable Deterioration
Inside Reactor Containment," Nuclear Technology 59, 344-354, 1982.

2. A. J. Weiss, R. L. Tate, III, and P. Colombo, "Assessment of Micro-
bial Processes on Gas Production at Radioactive Low Level Waste Dis-
posal Sites," BNL-51557, May 1982.

3. C O . Kunz, "Radioactive Gas Production and Venting at a Low Level
Radioactive Burial Site," Nuclear and Chemical Waste Management 3,
185-190, 1982.

4. F. A. Makhlis, Radiation Physics and Chemistry of Polymers. John Wiley
and Sons, Inc., 193-203, 1975.

5. J. P. Bell, A. S. Michaels, A. S. Hoffman and E. A. Mason, "Transient
Acceleration of Creep Rates of Polymers During High Intensity Irradia-
tion," in R. F. Gould, editor, Irradiation of Polymers, American
Chemical Society Publications, 79-112, 1967.



6. K. J. Swyler and R. Dayal, "Characterization of TMI-type Wastes and
Solid Products," BNL-NUREG-32500, Quarterly Progress Report, October -
December, 1982, 15.

7. G. P. Simon, C. M. Abrams and W. T. Lindsey, Jr., WAPD-TM-215, Bettis
Atomic Power Laboratory, 1960, in C. Calmon and H. Gold, editors, Ion
Exchange for Pollution Control, Volume II, CRC Press, Inc., 51-54,
1979.

8. Phillips Chemical Company, "Marlex Cross-Linkable High-Density
Polyethylene Resins for Rotational Molding," TSM-244, November 1977.

9. A. Charlesby, Atomic Radiation and Polymers, Pergamon Press, 198-257,
1960.

DISCLAIMER

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


