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ABSTRACT

As part of a simulator adequacy assessment program, the relative
effectiveness of electrons and photons to produce damage in a
generic ethylene-propylene rubber (EPR) has been investigated.

The investigation was limited in extent in that a single EPR
material, in three thicknesses was exposed to Cobalt-60 photons

* and three electron beam energies.

Basing material damage on changes in the EPR mechanical properties
elongation and tensile strength, we observed that EPR damage wag,4,.,,,
smoothly varying function of absorbed energy and independent of
irradiating particle type. EPR damage tracked equally well as a
function of both incident particle energy and material front
surface dose.

Based on these preliminary data, we tentatively concluded that a
correlation between particle, particle energy, and material damage
(as measured by changes in material elongation and/or tensile
strength) has been demonstrated.
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EXECUTIVE SUMMARY

As part of a study on the adequacy of cobalt-60 sources to
simulate the radiation damage to organic materials exposed to the
mixed radiation environment accompanying a nuclear power plant
loss of coolant accident (LOCA), the " equivalence" of electron and

*

photon induced damage in a generic ethylene propylene rubber (EPR)
insulation material exposed to cobalt-60 photons and accelerator
produced electron beams was investigated.,

Electron beam induced material. damage was studied as a function of
three EPR thicknesses, three electron beam energies, and one
dose-rate and integrated dose. EPR thicknesses were selected as
being representative of those used in electrical cable insulation
applications. Likewise, electron beam energies were chosen to be
comparable to those predicted for a LOCA event. The electron beam
dose-cate was also chocen on the basis of estimated LOCA
dose-rates, and the integrated dose was selected to balance the
need for statistically signiticant material damage and reasonable
electron beam exposure times. Cobalt-60 irradiations, equivalent
to the electron beam exposure dose and dose-rate, were obtained
for the material damage equivalence evaluation.

Damage to irradiated materials was based on a technique frequently
used to gauge the etfects of radiation aging on Class 1E

' elastomeric materials; i.e. changes in elongation and tensile
strength of the irradiated specimens. Analyses of the radiation
exposure data suggest that the observed matecial damage is a
slowly varying function of absorbed energy and independent of
particle type within experimental uncertainty. Absorbed energy,
particle energy, and surface dose are all interrelated parameters,
and the data analysis on the basis of each of these parameters
yields similar results. From these data an estimate of photon to
electron relative (damage) effectiveness was obtained. The ratio
lies between 0.94 and L.04 over the tange of parameters considered
to date.

More extensive studles are required to reach conclusions
appilcable to other materials and radiation exposure conditions.
In particular, the study should consider (at least one) other
material, extend the electron energy to lower values and the total
dose to higher values, and evaluate the effect of dose rate.
Consideration of an additional material would provide a check on
the uniqueness of the casults presented here. Extension of the
electron energy to lower values may provide a cut-off energy below
which incident particles could be neglected. Larger total absorbed.

doses would allow determination of the influence of degradation
extent. Dose-rate data would establish a saturation effect, if
there is one and perhaps provide a measure of dose-rate influence.

on the damage effectiveness of electron beam irradiations as a
function of beam energy.



______ ____ __ _.

1. INTRODUCTION

is the general practice in the qualification testing of safety-It

celated systems and components to simulate reactor containment
volume radiation environments, resulting from loss of coolant
accidents (LOCA), with isotopic photon irradiators. Implicit here *

is thu assumption that discrete energy, steady-state photon
sources will adequately simulate a complex radiation environment
composed of electron and photon components each with its own time ,

dependent energy spectrum and emission rate.

In view of the complexity of the accident radiation environment,
the adequacy of isotopic photon irradiators to simulate the
accident conditions has been periodically questioned. It has been
our contentionl that equivalence exists between electron and
photon radiation effects provided certain conditions are
satisfied. On a microscopic scale, we believe equivalence is
likely present provided equal energy absorption occurs with either
electron or photon bombardment. On a macroscopic scale, however,
nonequivalence of electron / photon bombardment may be observed.
Several factors may influence equivalence and include, for
example, (1) differences in energy deposition profiles between
electrons and photons, (2) differences in material response
(energy deposition), por unit dosimeter response, as a function of
ircadiating particle type, and (3) different damage mechanisms
(such as crosslinking, charge buildup and/or breakdown, etc.). On
the other hand, irradiated material properties may be so
insensitive to the type and energy of the incident radiation that
these parameters--energy, particle-type, etc.--are mere nuances as
far as damage studies are concerned. Our intent was to identify
the degree to which each of these functions influence damage
equivalence in certain organic materials.

Recently we completed a scoping study on the relative
effectiveness of electron and photon bombardment in producing
radiation damage in a rubber insulation material. We examined the
response of a generic EPR tubber,2 in slab geometry, to both
cobalt-60 photons (E (ave) = 1.25MeV) and several different energy
electron beams. Rubber thicknesses were 0.1, 0.15, and 0.2 cm;
this is the thickness range frequently used in electrical
insulation applications. Electron energies considered spanned the
range between 0.235 and 0.05 MeV and were based on beta particle
average energy estimates for in-containment radiation environments
resulting from a LOCA radiation release. For comparison with our
choice of energies those calculated avetage energy estimates for a
beta particle LOCA radiation environment are presented in ,

Figure 1.3 The electron dose-rate and integrated dose were
fixed at 2 Mead /hr and 10 Mead respectively and both were chosen

.

somewhat arbitratlly. As may be observed from the calculated LOCA
dose-rate / dose plot, Figure 2,4 the 2 Mead /hr electron dose cate
occurs at an integrated dose of approximately 100 Meads--well

-2-
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within the LOCA dose-rate versus time profile. The integrated
dose was selected on the basis of consistent material properties
degradation and reasonable radiation exposure times.

Complimentary to the experiments, we calculated the EPR response
to both photon and electron beams as energy deposition profiles,,

sample front. surface dose, and total energy absorption. In
addition, response of the dosimetry material used in the study waso

also calculated. The calculated EPR response allowed correlation
of observed EPR damage to front surface dose, etc. Calculated
dosimetry response provided correlation between calculated photon
and electron results just as dosimetry measurements provided a
link between observed photon and electron induced damage.

The following sections of the report detail the electron / photon
-

scoping study. Included are discussions of the experimental
procedures, experimental and calculated results, and conclusions.

2. APPARATUS AND PROCEDURES

We used a PELLETRON* electron beam accelerator to produce the
electron beam exposures for our experiments. The electron energy
range is continuously variable between 0.025 and 1.15 MeV, and;

beam current is adjustable up to a maximum of 34 microamperes.
Uncertainties in the machine parameters (voltage regulation and
ripple) were carefully determined such that the electron br,am
energy was known to within approximately 0.5 percent.5 Total

;
beam current was measured with an in-line Faraday Cup positioneu
at the accelerator exit and just inside the integral vacuum
chamber. Additional current sensitive elements were positioned
within the vacuum chamberits aids in controlling the electron beam
trajectory. In Figure 3 arschematic of the accelerator, integral
vacuum chamber, and external fixturing are depicted. All internal
and external elements are positioned along a common centerline
that is also colinear with the required electron beam trajectory.
In the vacuum chamber, maximum current into the deflection coils-
is obtained by minimizing current detected by the focussing and

;

alignment apertures. The normally tight electron beam is then
,

deflected into a square pattern and transported into the ambient
environment through a 0.005 cm (0.002 in) beryllium window.

6Deflection system performance han been well characterized as a
function of electron beam energy, beam pattern size required,
etc. Fixturing external to the vacuum chamber consists of a
beryllium shutter, beryllium back plane, and.

, .

* Manufactured by National Electrostatics Corp., Middleton, WI
.

b

i

-5-
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a tenidual beam catcher. The purpose of the berylitum shutter is
twofeld--te detect the totai osas transported through the
beryllius wihdow and isolate target matstials fro ~m the electron
beam during minor beas steerEng adjustmenta, The beryllium back

t plarie functions primarily to detect current in the target plane
'

both with end without a test specinan in position. The residual,

beam catcher functions mainly as a check on current conservationt

in the ambient environment. Each current detecting element in the,

array is monitored with 4n analogue electcometer System. Position
i 6f the target plane (beryllium back p1Ane) with respect to the

baryllium exit. window is determined, primagily, oh the basis of
geometric corsiderstions . Given the maximum (line-of-sight)
dimen.sion subtended f rom the deflection coil center to the'

j beryllius exit window allows estimation of the window-target plane
6e' par & tion required for a given target specimen sire. Some

,
adjustments in window +tegget plane separation are occasionally

'- requireI to enhance beam uniformity in the target plane.

Photon expc6uruk werB obtained using the Sandia Laboratories North2

Gamma irradiation;Facil,ity (NGIF). Ih e~sence, the facilitys
consists of a dry irradiation cell (cubical in shape) and
companion r,ectanguler arfrey (12 x 10 x 7 inches) of cobalt-60

'
pencilt. 'fhe sc~ugee array constste of 64 pencils with total
sourse streggth of approiimetely 55 kilocuries. Dose rate in thej

' Vicinity of the 10 x 12 inch .eurf ace is in excess o.f 2.5 Mead
'

j ' (fir)/hr.

Extensive electro'g &nd photon dosimetry measucements were made4

priog to the effects experiments. The electron beam pattern size
'

'

.and uniformity data were obtained using thin dye loaded plastic
detectcr Waterial, Detector materiel response measurements and
calibration techniques are similar to those described in
Reference 6. In addition to thin film dosimetty determinations,
we convertad beryllium back plane current me&surements into dose-,

'

rate values using calculated energy &bSorption coefficients in a,

manneE analogous CQ tho8.e teUhniques reported in Reference 6.
Photon beau pattern size, uniformity, and dose were also obtained
Using the thin film dosimetry. Osb of identical dosimetry
methods, for both electron and photon acasurements, allowed for
direct compahison of radiation effects data for " equivalence"
purposes.

Ayerage electron beam snergy incident on the target plane was
calculated using the co'upled electron-photon transport code,
TIGER.7 Using, as input, the in vacuo electron beam energy.

determined tron the accelerator adjustable parameters, the target
plane be&R energy wat calculated on the basis of beam transport
through the baryllium window and intervening window-target plane.

air gay. In addition to electron spectral data, the calculations
yielded test specimen ene:gy deposition data, dosimetry material
eksp.onso, etc. These 4ata Were used in minor adjustments of

-7-
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input energy and air gap dimension to obtain the desired beam
energy at the target plane and yet achieve acceptable beam
uniformity across the target plane. Similar calculations were

'
;

required to obtain energy deposition estimates for samples
60 facility. As in the case of theirradiated in the NGIF Co "

electron beam calculations, we included the effects of intervening
material on the deposition results. In this instance, we included
the source pencil cladding material as well as the intervening air ,

gap. Likewise, target geometries and compositions were identical
to those used in the experiments. Some results of these
calculations are given in Figure 4 and Tables 1 and 2. In Figure
4 energy deposition results for ethylene-proplyene rubber (EPR)
are presented. Plotted are deposition data for three electron

60energies and Co photons. The listed electron energies are
spectral averaged values, whereas the photon value is merely the
simple average (1.25) of the two emission lines, i.e., 1.33 and

1.18 Mev. In the figure, the energy deposition values have been
normalized on the basis of the thin film detector calculated
response. This normalization allows for direct comparison of all
observed radiation damage, independent of particle type or
energy. We note from the figure that the electron energy
deposition profiles are strongly dependent on the electron beam-

energy, whereas the extrapolated front surface doses are clustered
rather closely about a single value.

,

A compilation of calculated energy deposition data for O.10 cmi

j (thick) EPR and detector (dosimeter) material is given in

!.

Table 1. It may be noted, in columns 2, 3, and 4, that the
calculated energy deposition results are presented on the basis of

j one incident particle (MeV/pr, etc.). Experimentally, electron
energy deposition determinations are quickly obtained from
electron particle (current) measurements in conjunction with

,

calculated data similar to that given in columns 2, 3, and 4. On
the other hand direct determination of high intensity photon'

particle fluence is not readily obtainable. Hence, we use thin
film dosimetry, the detector, as a link between electron and
photon exposures rather than particle fluence. In columns 5 and 6
absorbed energy and front surface dose values, based on the
detector dose, are tabulated. All absorbed energy and front
surface dose values used throughout this report are based on
detector response rather than incident particle values.

Calculated energy deposition results, for all material
thicknesses, are presented in Table 2. Tabulated are absorbed '

energy values, per unit detector dose, for each energy particle
and EPR thickness. Energy absorption values are based on unit
material thickness. We note, from Figure 4, that in several
instances sample thickness is greater than the incident particle -

range and in others particle range is much greater than sample
thickness. Further, material degradation is a function of

|
1

|
,

| -8-
|

_



|!

.

0
2
0 n

s i
. nssonn s n

roo n ot rryctt o ia O gecct t
eEoeorl

i
DE hl

nV P s
E eVV o
eM e eV p
c MMe el

M Di5
tr305o258.5 5 y2P D001 ,0 gn

ro====
U O0AO o _ ei

. nt
Ea.

lN H nuTOf os

mo F.
.

t n-
,

- oI-
t hS nD PrOo m epint c db

m. hEcO nb
I U o ,0 t auDnT p RuA e nfY H D oe

Ga rn
l

t eRst . . cl

oN eyt

N E l p
EoE P r
dPo O e -
t e5

,0 an
l e0
ul
cy
lh-

at
CE
:

4
1^ t e

r
u

0 g
0 i

1 0ou( FL -
?

3 S S E cO

u28boh NEaeEQL

-

_

_se' .

(1|| ||| | !1|| | i ! ||| |



.,

!

Table 1. Energy Deposition Synopsis - 0.10 cm EPR Slab '

.

Particle Energ Energ Alsarbei Enrd Surface hse kLdr hse Ereg Asarts! fnr4 Surface Ibie *

kte & r hse Mettr kne
M M/F M/p pr W/prF M/CM/P) (M/PlllM/P)

.

0.2E c- 0.178 4.lB 3.2 0.02 1.42

0.2 e- 0.422 3.75 2.9 0.19 1.2

0.5 c- 0.3B 2.80 1.lE 0.2% 1.4 -

,

1.3 Y 0.9037 6,0342 0.05 0.15 0.971

,

,

Table 2. 2nergy Deposition - All Slab Thicknesses

PaticleEnerg Eq AlsorW / Me&r h / m
M N/CM/p)/m 3

0.23 c- 4.9 0,347 6,N

0.2 c- 1.9 1.27 0.955

0.5 c- 2.M 1 07 1.M ,

~ 1.3 Y 1.M !.10 O$

$14 ihideess (ce 0.10 0.15 0.20
-

.

.10_

- -. . . - .



. .

absorbed energy. In order to more clearly illustrate the effects
of absorbed energy on material mechanical properties, all plots of
material change, as a function of absorbed energy, are on the
basis of absorbed energy per unit material thickness.

,

*

Extrapolated front surface dose date are listed in Table 3. From
*

the table it is noted that e'xtrapolated front surface dose is not
particularly sensitive to the incident electron beam energy or,

sample thickness. We observe, however, that the photon results
are appecximately fifty gorcent lower than the electron values.
Since matetial damage, ac indicated by enanges in elongation and
tensile ottength, may be dependent on particle energy and sample
thickness and in order to demonstrate that dependence, we have
tabulated front surface dose data on the basis of unit detector
dose and material thickness. Plots of damage versus extrapolated
front surface dose presented elsewhere, in this report, are also'

plotted as a function of normalized front surface dose.

For this study, a cingle (type) insulatibn material in one
geometry was consider.ed. The target material used in this study
was a generic BPR rubber insulation material (#1482) compounded
from an "in-house" formulation.2 The material was cast into a
slab geometry with 15 cm lateral dimsncions. Three sample
thicknesses wate used--0.1, 0.15, and 0.20 cm.

Full, 15 x 15 cm EPR slabs were used in all radiation exposures.
Integrated dose and dose-rate were fired, for all irradiations, at
10.0 Mead (air) and 2.0 Mrad (air)/hr respectively. Dose and
dose-cate measurements were obtained, with calibrated thin film
dosimetry, for each particle type and energy prior to any EPR
exposures. Calibration of the film dosimetry was on the basis of
dose to air and subsequent EPR irradiation doses were done in
terms of exposure dose to air.

Radiation aging effects on bulk elastome. tic materials, used in
Class lE cables, are generally genged on the basis of changes in
mechanical properties of the radiation stressed material. Two
frequently unsd indicaters of radiation damage are changes in
material elongation and tensile strength. In this investigation
normaltred elongation, e/co, and normalized tensile strength,
Ts/(Tc ), were used as indicators of damage in irradiated EPRo
specimens Itradiated samples were sectioned into test specimens
15 centimeters long by 0.625 centimeters wide. Ten specimens were
taken trom each sample for tensile measurements. Tensile
neasurements (elongation and ultimate strength) were obtained with..

an Instron 1000 Universal test machine using a continuous tape
extenslometer graduated in 0.1 inch increments.

s
F

-11-
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Table 3. Front Surface Dose - All Slab Thicknesses

Particle Ereg Frmt Surface Ibse / Mectar kne / a
M ((M/p)/(M/p))/a

0.25 c- 14.20 9.46 7.10

0.2 e- 15.00 10.00 7.50

0.5 c- 14.50 9.53 7.45

1.5 Y 5.74 E.45 4.87

|

| S141hidruss (m) 0.10 0.15 0.20

|

|
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3. RESULTS

3.1 Elongation and Tensile Strength Versus Particle Energy

Radiation exposure conditions and EPR sample data have appeared
elsewhere.throughout the report. For convenience, the data are*

summarized as follows. All samples were exposed, in air at
ambient pressure and temperature, to a fixed integrated dose and
dose rate of 10 Mrad and 2 Mrad /hr respectively. Experimental'

dose measurements were determined with thin film dosimetry
calibrated against an air ionization chamber. Both elongation and
tensile strength data were normalized on the basis of unirradiated

and TS/TSsample results--e/eo o.

Elongation results are depicted in Figure 5, Plots A and B.
Consider Plot A first. In Plot A normalized elongation data are
plotted as a function of incident particle energy. Electron
results appear as open circles and photon data as the open
square. Each elongation value is the average elongation value for
all material thicknesses irradiated at that particle energy.
Error bars on the data are one standard deviation values. The
solid curve drawn through the electron data is used the depict the
trend of the electron data. We observe from the curve that
material elongation is a slowly varying (decreasing) function of
increasing electron energy. These olectron data are consistant
with the concept that increasing particle energy results in
increasing material damage; i.e., decreasing elongation. It may
be observed that the photon data, the open square, does not track
with the trend determined from the electron data.

Energy deposition in materials from photon irradiations is
primarily the result of recoil electron energy loss in the
irradiated material. The relationship of electron induced
degradation to photon degradation data, based ou the photon recoil
electron energy, is given in Plot B, Figure 5. In Plot B, Figure
5, we have again plotted the electron data as the open circles
with the solid curve depicting the trend of that data. The photon
recoil electron data are represented by the square symbols.

Two recoil electron energies were considered; in one case the
recoil electron energy was estimated on the basis of photon
absorption and total cross sections and in the other on the basis
of a TIGER prediction of the recoil electron distribution within
an EPR sample bombarded with 1.25 MeV photons. The average
electron energy based on photon cross section is 0.58 MeV: and
when the TIGER estimate is used, the average recoil electron
energy is 0.45 MeV.

.
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1

In Plot B, material elongation as a function of electron
energy, based on the cross-section approximation, is plotted
as the closed square. Data plotted on the basis of the TIGER
estimate are depicted by the open square. When the photon
elongation data are plotted as a function of either estimated
recoil electron energy, we observe that the photon induced-

degradation data are in reasanable agreement with the
electron degradation data. Subsequent photon degradation
data are plotted as a function of the TIGER estimated recoil*

electron energy.

Material elongation data, depicting individual thickness
data, are plotted in Figure 6. In the figure photon
elongation data have been plotted as a function of the recoil
electron energy estimated on the basis of the TIGER
calculation. Open, closed, and half-open symbols identify
sample thickness as 0.1, 0.15, and 0.2 cm tespectively.
Error bars on individual data points are one standard
deviation estimates. The solid curve is again an estimate of
the degradation trend as a function of particle energy. With
the exception of the data point at 0.235 MeV and 0.93
elongation (the closed circle, sample thickness = 0.15), all
data were reasonably well-represented by the estimated
trend. We note that the material thickness corresponding to
the suspect data is bound by two sample thicknesses (0.1 and
0.2 cm) with more consistent data points. We intend to
further investigate this apparent anomolous data point in our
(proposed) program designed to study the effects of lower
(below 0.235 MeV) energy electrons.

Tensile strength data, as a function of incident particle
energy, are presented in Figures 7 and 8. The data presented
in Figure 7 have been averaged oved all material thicknesses
for each particle energy. Electrorf data are depicted by the
open circles, and the photon data its represented by the
square symbol. Trend of the election data is indicated by
the solid curve. The photon data,' square symbol, has been
plotted as a function of the Co60 photon recoil electron
average energy, as estimated by the TIGER calculations. We
note that the photon degradation data are in reasonable
agreement with the electron data. The degradation trend,
depicted by the solid curve, suggests that tensile strength
is a slowly increasing function of incident particle energy.
Tensile strength data for all particle energies and each
material thickness are given in Figure 8. Electron data are
depicted by the circles, and photon data is represented by
the square symbol.

~ 3.2 Elongation and Tensile Strength versus Absorbed Enercy

In order to determine the trend of energy absorption on
material degradation, elongation and tensile strength data

-15-
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were plotted as a function of energy absorbed in the material
sample. Absorbed energy estimates for the three sample
thicknesses were obtained with the TIGER code and are listed
in Table 2.

Material elongation. data as a function of calculated absorbed"

energy (Table 2) are plotted in Figure 9. Plotted are data
for all particle energies and material thicknesses. . Symbols
are as described earlier with symbol shading being indicative

,

of material thickness. The solid curve is an estimate of the
trend in elongation as a function of absorbed energy. As may
be observed in the plot elongation, degradation, is a weakly
dependent function of absorbed energy per sample thickness
and (largely) independent of incident particle type and
deposition profile shape.

The tensile strength versus absorbed energy data are
presented in Figure 10. These data are consistent with the
elongation data of Figure 9 in that tensile strength is a
weakly dependent function of absorbed energy and (largely)
independent of both incident particle type and energy
deposition profile shape.

3.3 Elongation and Tensile Strenoth versus Front Surface Dose

Elongation and tensile strength data, as a function of front
surface dose, are presented in Figures 11 and 12. Front
surface dose estimates were obtained from an extrapolation of
the TIGER calculations to "zero" material thickness and are
compiled in Table 3. As in :the case of the absorbed energy

i presentations, symbol shading is indicative of material
thickness and the solid curve is an estimate of data trend.
'From the data presented in Figure 11, we note that elongation
is (weakly) dependent on the extrapolated front surface dose,
decreasing with increasing front surface dose. From
Figure 12 we note that the tensile strength data exhibits a
similar behavior in that tensile strength is (weakly)
dependent on the extrapolated front surface dose. Finally,

neither plot suggests a strong dependence on particle type.

3.4 Photon to Electron Relative Effectiveness Estimates
The relative effectiveness of photon and electron radiation
exposures to produce material degradation was estimated on
the basis of the experimental elongation and tensile strength

.

-data. Effectiveness data were derived from the trend
estimates of the various elongation and tensile strength data
and are based on all particle energies and material.

thicknesses studied here.
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In Figure 13 the photon (Co 0) to electron effectiveness6
1

ratio derived on the basis of elongation data is presented. !

Effectiveness as a function of particle energy, absorbed
energy, and front surface dose is depicted respectively by
the circle, diamond, and triangle symbols. The solid curve
is the simple average of the three approximations. We note
that the effectiveness ratio is a slowly varying function of
electron energy and lies in the range 1.0 0.07 for all
electron energies considered. Relative effectiveness values ,

derived on the basis of tensile strength data are presented
in Figure 14. These values are in good agreement with those
based on the elongation data and also predict an
effectiveness ratio that is weakly dependent on electron
energy. The effectiveness ratio estimated on the basis of
tensile strength data is also defined in the band of 1.0 i
O.07 for all electron energies.

4. CONCLUSIONS

As part of a simulator adequacy study, we have begun the study of
the relative effectiveness of electrons and photons in producing
radiation damage in a generic EPR rubber insulation material. The
program was limited in extent in that a single material was used;
however, three material thicknesses were selected so that a
realistic range in insulation thicknesses was used in the study.
The electron beam energies were selected to adequately span the
LOCA estimate of average electron energies. A cobalt-60
irradiator was used to provide the photon irradiations. The study
used alongation and tensile strength as indicators of radiation
damags. For electron-photon equivalence purposes the damage
indicators--elongation and tensile strength--were then equated to
calculated values of average particle energy, material front
surface dose, and absorbed energy.

Using this technique, we observed that material damage indicators
were smoothly varying functions of incident electron average
energy, total absorbed energy, and front surface dose. In all
instances photon induced material changed tracked with the
electron values--in agreement with the concept of photon-electron
damage equivalence. Combined electron and photon data demonstrate
that material damage, as indicated by elongation and tens'.le
strength changes, is a slowly varying function of particle energy,
absorbed energy, and front surface dose. Material thickness data
indicates that, for the energies and thicknesses considered, the
energy deposition distribution within the sample is not
significant; rather, damage is a function only of total energy
absorbed. Photon-electron relative effectiveness data, derived

,

from the analysis of elongation and tensile strength information,
predicts that photon to alectron equivalence is a

-24-
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linear function of incident electron energy and that incident
particle energy, absorbed energy, and front surface dose are
equally dependable estimations of photon and electron
equivalence. From a practical point of view, front surface dose
measurements may provide the most straightforward method of
comparing electron and photon effects experiments.'

Although the equivalence between photon and electron irradiations
,

has been demonstrated on the basis of these experiments, it ic
believed additional studies are warranted. In addition to
considering another, higher integrated dose, we believe the
program should be extended to include at least one other material
formulation as a test to the uniqueness of these results.
Further, lower energy electron beam irradiations should be
considered so that the effects, if any, of energy deposition
profile could be examined further. This effort might establish a
lower, practical limit on the LOCA electron spectrum. Finally, we
are aware that dose-rate effects are influencing the results
presented in this report. It may be observed from Figures 4 and 9
(or 10) that, for a constant detector dose, as electron energy is
increased dose per unit (material) thickness, integrated dose, and
dose rate in the material interior will also increase. From data
not tabulated here, we noted that material response is a sensitive
function of dose-rate, as determined with the detector for
doce-rates below 2 to 3 Mrad /hr. It is suggested that this dose-
rate dependence results in a decrease in the effectiveness of
higher energy electrons thus flattening the response (as a
function of energy) curves. Although the dose rate used in this
study is representative of LOCA dose ratec, further work at other
dose rates necessary to more adequately investigate the dose-rate
effects on the effectiveness of higher energy electrons may be
warranted.

.

e
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As part of a simulator adequacy issment program, the relative effectivt
ness of electrons and photons to oduce damage in a generic ethylene *
propylene rubber (EPR) has been i stigated. The investigation was
limited in extent in that a sing - E R material, in three thicknesses, was
exposed to Cobalt-60 photons and thre . electron beam energies.

Basing material damage on changt in t EPR mechanical properties
elongation and tensile strength we obst ved that EOR damage was a smooth-
ly varying function of absorbec energy a independent of irradiating
particle type. EPR damage tra ked equally well as a function of both
incident particle energy and terial f ro nt- murface dose.

Based on these preliminary da a, we tentativ y concluded that a correla-
tion between particle, partic e energy, and m- erial damage (as measured
by changes in material elonge icn and/or tensil strength) has been
demonstrated.
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