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[ v Backgroungd of Stuay

As discussed in the 1988 Oregon Vital Statistics Report (1), canier
mortality rates in Oregon in recent years have continued 3 sharp rice thar
began to exceed the rate for the U.S. as a whole since 1345, Likewise, Tofa:

nortality due to all causes combined began to exceed that for the U, S, that
same year, and the rates for five leading causes of death have worceneq in
Oregon relative to the U.S., as indicated in the discusion of Oregon
mortality and the table of Selected Leading Causes of Death reproduced
below as ANNEX I~ A, Also during the years since the Tnree Mile [siand ang
Chernobyl nuclear reactor accidents, there has been arowing evidence that
cancer and leukemia rates may have risen in areas where nuclear plants
have been operating, as recently reviewed in the latest report puplisned dv
the National Academy of Sciences (BEIR V Report, January 1990)(2).

The present study was undertaken to examine the possitnlity that the
recent upward changes in the leading causes of death in Oregon may have
been affected by releases of radicactivity from the Treojan reactor Tocatsz

35 miles northwest of Portlandg.

II) Methodology
Since very detailed health statistics were available for the State or

Oregon, it was decided to examine the changes in congenital defects,
immature births, leukemia, cancer,and total mortality in relation to the
reported annual releases of radiocactive 1odine and other fission products in
the form of particulates reported to the NRC (3) as a measure ¢of the
relative radiation dose. In addition, because of recent pubiications pointing
out an unexpected rise in asthma deaths in the U.S. and the evidence for an
unusually large rise of respiratory system mortality in Oregon (1), asthmz

deaths were added to the studyand correlated with the annual radicactivity



releases,

Inorder to allow for the deiay in the effect of the reieases ana tnhe
additive character of the accumulated dose, correlations were run with one
ro seven year moving values of the cumulative releases. Since different
health effects have different delays, this technigque allowed a determination
of the effective delay by the determination of the highest correlation
coerficient for either a linear or a fogarithmic or congave downwara
docse-response.

The base~line period chosen for the correlation studies evtenceqa from
the end of large—scale atmospheric and peaceful "Plowshare™ nuclear tesis
in Nevada in 1970 to the beginning of operation of the Trejan nuclear plant in
1975, a period during which cancer mortality in Qregon had reacheqa 3
plateau (1), as did the mortahity due to chronic obstructive lung disease
(COPD). For the case of total mortality, where a declining rate existe
during the base-line period, the rate of decline was estaplished using a n¢
to the logarithm of the rate, since the normal trend before nuclear faliout
appeared in the environment in Oregon and for the entire U, S, wag that of
decline at a constant rate or percent per year, From the difference petween
the normally expected trend-line and the actual rate, the excess deaths and
death rates were calculated. A similar technique beginning at the time of
the fuel failure allows one to estimate the excess deaths after exposure to
the radicactive releases from this increased release.

In order to detect a geographical pattern,it was also possidle 1o ut1iize 3
recent study of age-adiusted death-rates by counties for the years
1978-1986 (4) carried out by the Health Division of the State of Qregon since
this coincided with the period when the Trojan plant had been in operation

for two to ten years, long enough for cancer and other causes of death tu

have had a chance to appear.
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Because a major fue! failure occurred inthe Trojan reactor in 1Gf =92
as reported to tne NRC (5) inthe course of which the radinarive reirase’
increased sigmficantly (3) as reproduced in Table 1, the changes inwirn. 1
rates were analyzed separately for the period before start-up to iust
before this abnormal event took place in order to examine the nature or tne
dose-response relation under normal operating conditiens,

In addition to the releases from the Trojan plant, there was tne fallout
from the Chernobyl accident, which arrived in Oregon strout May 3-10, 1536,
Since this added to the total radiation dose in a very short period that was
carefully monitored by both state (6) and federai agencies(7), tris event
provided another test of the hypothesis that immediate, short-term effects

can be detected within a matter of months to years at dose levels some one

.....

hundred times below present maxinmum permissible discharges or leveis in
the miltk and diet, or of the same order as the sfects attributed carher 1o
the low doses from Trojan releases onimmature pirths tiess than £S00gm
birth weight), births with congenital defects, and total mortality for all
ages and causes combined.

Both temporal and geographic changes with distance from the reactor
were examined and tested for their statistical significance using standard
methods similar to those suggested in the Oregon Vital Statistics for 1982
(1).The results of the various tests are shown in tabular and graphic form
below.

Inorder to establish the possible role of milk transporteg aver iong
distances from large milk producing counties to urban areas as a means of
exposure to both long-lived and short-lived radioactive materials cuch ac
strontium—89 (Half-life 50 days), strontium-90(Half-life 28 vears),

- barium-140 (Half-life 13 days) and iodine-131 (Half-life 8 days), data was

obtained on the production and distribution of milk for the states of Oreqon



and Washington from 3 U.S.Department of Agriculture report (8).

Reports by the U.S.Environmental Protection Agency (EPA(G) as weil
as environmental reports by the utility and the Radiation Control Section of
the Health Division in the Oregon State Department of Human Resclrces were
utliized to establish temporal and geographical patterns of environmental

radicactivity,

III) Reactor Releases

The Trojan reactor is located in Columbia County 25 miles nothwest of
Portiand on the Columbia River, as shown in the maps for Oregon and
Washington in Figures 1 and 2.1t went into operation in December 1975, and
experienced growing problems with leakages from the fuel rods as shown in
Tabie | and Fig. 3.

A described In a report by the NRC (S),relevant pages frem which are
enclosed as Annex [II-A, major damage was discovered in 1981 and foung to
have been due to excessive vibrations which reguired an extensive
shut-down in 1982, during which the largest releases occurred.

Figures 4 to 7 present the evidence that significant amounts of
strontium-90 appear to have escaped into the environment and reached the
public primarily via the milk pathway but also via the water and other
components of the diet, as shown by measurements of the milk at different
distances from the plant as early as 1976 that decrease with distance away
from the plant both to the north and to the south (Fi1g.4).

It should be rioted that these levels exceeded by a factor of three or
rmore the maximum permissible level of 2 pCi/1 agreed to between the
operators of the plant and the NRC Staff as spelled out in Section 2.4 of the
operating license for the milk alone (10). Figure 4 also shows that the

maxirnum levels of strontium-90 in milk near the plant measuredin

Pinad



Clatskanie were three times as large as those measured during the same
period n Seattle, and 83 times as large as those measuren by the EFA N
SanFrarcizco, California, 30 that they are unlikely to have heen due Lo
nuclear bomb testing by China as claimed by the utility at the time,

Inorder to obtain an1dea as to the significance of these strontiurn-4&
releases for human health, the levels of strontium=-20 1nthe milk during the
period of large atmospheric testing by the U.S. and other nations 13 shiwn
inFig. 9 for the years 1953 to 1976, both for Fortiand arnd San Francisco, it
shows that for Portiand, he highest levels recorded were 30 picoCuries
(pCi) or 30 trillionths of a Curie in 1964, compared witn only 101n San
Francisco due to the difference in the rainfall inthe areas were the milk
originates.Since 90% of the fallout comes down in the rain or snow, the
Fortland area, whose milk comes primarily from migh rainfall coasta areas
such as Pacific, Cowlitz and Clark Counties,Washington and Tillamook,
Clatsop and Columbia Countis in Oregon, was therefore more heavily
contaminated with fallout than San Francisco andSacremento mitk, which
comes from the drier inland areas.

These levels were of great concern at the time because of the
irradiation of the bone—-marrow by strontium-90, which resembles calcium
needed for bone-growth, leading to leukemia and and damage to the caijls of
the iImmune system that originate in the bone-marrow.

Thus, the jump fom 2 to 5 pCi per hiter of milk in 176 recorded by the £PA
for Portand in Fig. 5 was highly significant, since just 1 picoclurie consumeq
inthe milk or diet daily for a year gives a bone dose of about & millirems to
a young child, as used by Archer in relating strontium=-90 to the rise in
childhood leukemia for the U.S. as a whole (11). A dose of 18 millirads per
year was therefore added to the natural background dose of about 8C

millirads by Trojan releases in 1976 by the milk alone, 1f the EPA data is



taken to represent an aveage value for the year. This exceeds the limite et
by the operating license (11), which says the following Tor gaseous westes

in Section 2.41(d):

‘The annual total gquantity, above background, of all
radigrodines and particulate forms with half-hves qreater
than eight days, from all reactors at a site should not result
in an annual dose to any organ of an individual in an
unrestricted area from all pathways of exposure in excess of

S mrems." [ Note that strontium-90 is a particulate]

However, as shown in Figures 6 and 7, there were even iarger gaseous
releaces in 1977 than in 1976 for the months of March through June that ied
Lo a peak of long-lived strontium=—90 of 12 pCi per hiter in the miik Tor tne
Fortland area in May-June of that year.

That this cannot represent Chinese fallout is indicated by the fact that
the strontium-90 peak was accompanied by a peak of cobalt-58 measured by
the State Oof Oregon Health Department in algae in the Columbia river at
Prescott where the Trojan plant is located, a radicactive chemical that 1s
known to be released by nuclear reactors, but is not produced by nuclear
bomb-tests, as indicated by the absence of cobalt-58 in September and
October of 1976 when Chinese bomb fallout did come down and increased the
concentration of strontium—90 in the milk from 2 to 7 pCi/) (Fig. 7.

Thus the releses from Trojan were equivalent to those from atmospheric
bomb tests, and by no means negligible or undetectable, as claimed bv the
industry,

Inspection of the EPA measurements of strontium-90 in the milk for the
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syccesding years shows 3 continuing abnormaliyv high concentrationan
Fortland milk between 1976 and 1985, from a high of 8% times the San
Francisco concentration in 1976 to a low of 1.3 times that of SanfFran. ..,
1982 rising once more to greater than 10 times the level inthe San
Francisco milk as recently as 1984 and three times the Fortiand jevei in tive
summer of 1986, when the Chernobyl accident also added seme furthsr
strontium=90 to the milk, in addition to the short—lived strontium=-23y ana
barium -140 that also go to the bone.

Thus the data of the state and the EFA clearly are consistent with 3
pattern of air-borne strontium=-90 and other "iodine ang particuiate”
releases to the environment from the Trojan reactor that cannct be blamed
on Chinese fallout, especially since there were no further atmospheric
tests by China after 1980. Moreover, these releases appear to have
exceeded the permissible levels set by the Trojan operating license at

various periods during the operation of the piant.

V) Changes in mortality rates

The changes in mortality rates and other indicators ¢f adverse effecrs on
heath are documented in Figures & through 20 and Tables 2 through € and
are summarized in the main section of the report.

Fia.20 represents cases of hepatitis reported by year rather than
deaths, and is taken from the 1988 Oregon Vital Statistics, It illustrates
that the large increase in releases at the time of the ruel failure 1n 1981-47
appears to have affected the immune system so as to lower the ability of the
body to fight off infections such as hepatitis that rose sharply in 1382, maore
than doubling in number of cases per year., This corresponds to the period
when individuals born during the peak of the 1963-64 strontium-90 fallout

who had their immune systems impaired at birth reached their early



twenties and were exposed to further fallout from the Trojan reactor, which
thus represented a second insult to their abiiity to detect and destroy

viruses.The continuing impact of nuclear releases into the environment thus
nat only appears to increase mortality rates, but alse depilitating diseaces
that affect particularly strongly the younger individuals in our society born

during the years of massive nuclear testing.
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Trojan Reactor

lodine and Radioactive Particulates: Airborne Emissions (millicuries)
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BETA RADIOACTIVITY IN AIR (PICO-CURIES /CUBIC METER )
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CONCENTRATION of Sr2© pci/e
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Change in Leukemia Rates 1980--1988 Multnomah County, Oregon and the U.S.
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Percent Change

Change in Leukemia Mortality Rates for Major Counties
South of the Portland Area-- 1980-1988
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Cancer Rate per 100,000 Population

Oregon Cancer and Accumulated Trojan Releases: 1975-79
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Dose Response (Standardized Incidence Ratios) for Cancer
Following Three Mile Island Accident
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Oregon Total Mortality Rates per Thousand Population, 1935-88
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Oregon Total Mortality Rates , Observed and Expected, 1935-1988
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Rates per Thousand (natural log values)

Oregon Total Mortality, 1973-1988
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Lomparative Mortality Figures
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Comparative Mortality of Oregon Counties: 1978-86

Age adjusted montality rates for the years 1978-86, relative to Oregon as a whole.
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Comparative Mortality Figures

Comparative Mortality of Oregon Counties: 1978-86

Age adjusted montality rates for the years 1978-86, relative to Oregon as a whole.
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OREGON
INFANT MORTALITY

(O-1yr. old) per I000 Births

GOr
SOURCE :
© U.S. VITAL STATISTICS
@ STATE OF OREGON
— DIV. OF HEALTH
g2 o0d
40~ LT & U.S.+ SERIES
ﬁ t‘ {US.S.RIe o b
‘ A+H-
2ot CHINESE
SERIES H-TESTS
[ ONLY —
MULTI-
Tﬁ T TMEGATON
— H-TESTS
20
Sr-90
| 1935- 50 TREND pCi/ 8
X _'20
b4 \;—>Sr‘90 N -
x xx\ ’ <110
') 1 ] | *-;f"\‘gx\A ] D\ XXXt 0
1930 '40 "50 '60 '70 '80

YEAR

FIG.18



Rate per Million Population

Oregon Asthma Mortality Rate Per Million 1970-1988
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CASES OF HEPATITIS A AND HEPATITIS B
BY YEAR OF REPORT, OREGON, 1978-1988
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TABLE I

Emissions from Trojan and Pilgrim Reactors, 1976-1983

Year Airborne Effluents Liquid Effluents Solid Wastes
Trojan Pilgrim Trojan Pilgrinm Trojan Pilgrim
(curies) (curies) (curies) (curies) (curies) (curies)
1976 0.016 0.674 2.770 2.330 4.3 36900
1977 0.051 0.690 4.190 3.410 83.1 5700
1978 0.010 0.181 0.707 1.770 448.0 49200
1979 0.034 0.145 0.555 0.512 330.0 22200
1980 0.025 0.104 0.787 2.730 45.9 1600
1981 0.076 0.069 0.994 1.940 1040.0 938
1982 0.015 0.044 0.856 0.872 287.0 959
1983 0.006 0.047 0.310 0.835 1670.0 1480
Totals 0.233 1.954 11.169 14.499% 3908.3 118977

Emissions from the Trojan and Pilgrim Reactors, 1976-13983

This Table indicates that since 1976, emissions from the Trojan
reactor were similar in magnitude to those of the malfunctioning
Pilgrim reactor, which in the period 1976-1986, have been linked by
the Massachusetts State Dept. of Health to a four-fold above normal
rise in luekemia. Note that a curie is equal to one trillion pico
curies, the unit in which concentrations of radionuclides in milk
are measured. Thus the total volume of airborne effluents released
from the Trojan reactor from 1976 to 1983 amounts to 233 billion
pico curies. In May of 1986, when the Chernobyl fallout came down
1n the rain in the Pacific states, it was found that regional
variations across the nation in the concentrations of iodine-131
were as low as 16 pico curies per liter of milk in the south west
states of Texas and Arkansas,which had little rain in May, 1986

and had no change in summer time mortality over the preceding

year. At the other extreme, the Pacific states with heavy rain in
May had average concentrations of I-131 in the milk of 44 pico
curies per liter, and suffered a summertime increase in mortality

of 5 percent over 1985.

The above data on airborne emissions are only those duc to
"iodine and particulates", which includes such highly toxic
materials as iodine-131,strontium-89, strontium-90,barium-140,
but not the chemically inert gases xenon and Kkrypton. Liquid
emissions includes iodine and all the particulates, but not thec
rare gases and tritium.



TABLE 2

Comparison of Oregon and U.S. Mortality Rates

Total, 25-44 and Over 45
Deaths per 100,000

Year - —--------- Oregon—-——======= ——=o===ooo- U.Semmmmmmmmmr——
All 25-44 45 and All 25-44 45 and
Ages Over Ages Over
1982 813.0 132.0 2423.2 852.0 157.6 2540.0
1983 848.6 131.6 2517.8 862.8 155.3 2527.5
1984 868.5 137.8 2563.4 862.3 162.3 2536.4
1985 890.4 141.5 2631.8 873.9 159.3 2550.5
1986 877.2 145.4 2690.3 873.0 167.4 2516.7
1987 898.9 140.8 2601.8 871.0 166.9 2516.3
1988 895.9 145.3 2582.8 883.0 171.2 2473.7
¥Increase
1982-1988 10.2% 10.1% 6.6% 3.6% 8.6% -2.6%

Mortality rates in Oregon have been rising more rapidly since 1982
than in the U.S. for all age groups, including those between the
ages of 25 and 44, and those over 45. This is the first peace time
period in the 20th century that mortality rates of young people aged
25-44 have been rising. For Oregon this may reflect not only the
impact of fallout from atmospheric bomb tests on developing immune
and hormonal systems, but also fallout from Hanford releases after
1945, exacerbated by Trojan emissions beginning in 1975.

The age group 25 to 44 was born between 1944 and 1963, the years of
large scale atmospheric bomb testing, when, according to the Natural
Rgsogrces Defense Council, the superpowers released into the biosphere
fission products equivalent to exploding 40,000 Hiroshima bombs.Andrci
Sakhargv predicted in 1958 that millions would die world-wide from
ingesting such bone-seeking fission products, which would irradiate
the bone-marrow, where the cells of the immune system originate. As a
;esu}t a significant portion of this age group appears to have an
impaired immune system function, less able to resist viruses, bacteria
and cancer cells. Although the developing infant is most sensitive to
immune system damage, irradiation of the bone-marrow of adults also
affgcts.thcir ability to detect and destroy cancer cells and other
antlpodles.Note that the mortality rates in Oregon of those over 45
are increasing far more rapidly than in the U.S.
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TABLE 4-3. SELECTED LEADING CAUSES OF DEATHS WITH RATES, OREGON RESIDENTS,
1970-1988, CONTINUED

EXTERNAL CAUSES
CERTAIN
CAUSES IN

YEAR CIRRHOSIS EARLY CONGENTTAL

Of LIVER INFANCY ANOMAL TES S10S AIDS Accident Suicide |Homicide
1970 288 298 149 + - 1,347 303 g3
1971 338 314 175 + - 1,314 319 81
1972 348 272 158 + - 1,379 301 116
1973 367 240 154 + - 1,307 364 112
1974 365 228 160 + - 1,354 362 123
1975 331 233 153 + - 1,204 361 130
1976 348 177 157 + - 1,257 351 96
1977 377 194 168 84 - 1,324 399 125
1978 312 1380 168 118 - 1,387 385 125
1979 352 185 155 94 - 1,367 351 113
1980 349 219 160 132 - 1,319 388 145
1981 370 214 140 117 - 1,285 398 118
1982 299 168 165 104 - 1,064 396 146
1983 301 148 156 97 2 1,156 417 112
1984 318 136 152 109 6 1,185 423 135
1985 283 135 154 107 24 1,207 417 123
1986 308 119 142 121 70 1,184 450 181
1887 253 160 142 115 78 1,185 400 164
1988 289 128 133 99 114 1,190 461 152
1970 13.8 14.2 7.1 + 0.0 64.4 14.5 4.4
1971 15.8 14.7 8.2 + 0.0 61.3 14.9 3.8
1972 15.9 12.5 T2 + 0.0 63.2 13.8 haes
1973 16.5 10.8 6.9 + 0.0 58.7 16.4 5.0
1874 16.1 10.1 7.1 + 0.0 59.8 16.0 5.4
1975 14.4 10.1 6.7 + 0.0 52.4 15.7 5
1976 14.9 7.6 6.7 + 0.0 53.7 15.0 S|
1977 15.7 8.1 7.0 3.5 0.0 55.3 16.7 5.2
1978 12.6 7.7 6.8 4.8 0.0 56.1 15.6 5.1
1979 13.8 7.7 6.1 3.7 0.0 53.7 13.8 4.4
1980 13.3 8.3 6.1 5.0 0.0 50.1 14.7 5D
1981 13.9 8.0 5.3 4.4 0.0 48.3 15.0 4.4
1982 11.3 6.3 6.2 3.9 0.0 40.1 14.9 5.5
1983 11.4 5.6 5.9 3.7 0.0 43.9 15.8 4.3
1984 12.0 5.1 5.7 4.1 0.0 44.5 15.9 5.1
1985 10.6 5.0 5.8 4.0 0.9 45.1 15.6 4.6
1986 11.6 4.5 5.3 4.5 2.6 44.5 16.9 6.8
1987 9.4 5.9 53 4.3 2.9 44.1 14.9 6.1
1988 10.5 4.7 4.9 3.6 4.2 43 .4 16.8 5.5

A1l rates per 100,000 population.
+ Unknown prior to 1977; there was no ICD code for SIDS.




TABLE 4-3. SELECTED LEADING CAUSES OF DEATHS WITH RATES, OREGON RESIDENTS,
1970-1988
MAJOR CARDIOVASCULAR DIS.
CHRONIC
- PIRA- INFLUENZA

YEAR TOTAL DISEASES SiSEStSR ARTERIO- | MALIGNANT Rscs)av AND CIABETES

OF HEART DISEASE SCLEROSIS | NEOPLASMS | DISEASES™ | PREUMONIA | MELLITUS
1970 19,530 7,158 2,429 461 3,493 520 554 312
1971 20,087 7,492 2,377 455 3,608 577 566 285
1972 20,216 75581 2,453 433 3,594 529 599 290
1973 20,881 7,569 2,593 501 3,718 633 782 331
1974 20,320 7,441 2,408 451 3,762 609 584 272
1975 20,142 7,342 2,355 429 3,917 624 606 310
1976 20,459 7,306 2,264 445 4,065 664 800 300
1977 20,457 7,239 2,096 445 4,283 625 562 284
1978 20,870 7,249 2,079 485 4,447 698 658 297
1979 21,024 7,329 2,041 444 4,608 728 608 285
1980 21,756 7,659 2,021 486 4,625 829 704 297
1981 21,798 7,639 1,986 509 4,839 856 609 303
1982 21,594 7,601 1,901 482 4,859 912 609 297
1983 22,361 7,910 2,021 470 4,943 971 634 329
1984 23,101 8,010 1,919 431 5,387 957 725 343
1985 23,824 8,192 2,000 432 5,410 1,097 838 317
1986 23,328 7,788 1,926 417 5,272 1,090 742 328
1987 24,181 7,936 1,958 440 5,594 15238 743 395
1988 24,557 7,662 2,010 378 5,801 1,203 900 439
1970 933.8 342.3 116.1 22.0 167.0 24.9 26.5 14.9
1971 937.3 349.6 110.9 | 21.2 168.4 26.9 26.4 13.3
1972 926.0 347.2 112.4 19.8 164.6 24.2 27.4 13.3
1973 938.5 340.2 116.5 22.5 167.1 28.5 35.1 14.9
1974 8%86.7 328.4 106.3 19.9 166.0 26.9 25.8 12.0
1975 871.6 319.4 102.4 18.7 170.4 27.1 26.4 13.5
1976 873.7 312.0 96.7 19.0 173.6 28.4 34.2 12.8
1977 853.8 302.1 87.5 18.6 178.7 26.1 23.5 11.9
1978 844.3 293.2 84.1 19.6 179.9 28.2 26.6 12.0
1979 826.4 288.1 80.2 17.5 181.1 28.6 23.9 11.2
1980 826.4 290.9 76.8 18.5 175.7 31.5 26.7 11.3
1981 819.2 287.1 74.6 19.1 181.9 32.2 22.9 11.4
1982 813.0 286.2 71.6 18.1 182.9 34.3 22.9 11.2
1983 848.6 300.2 76.7 17.8 187.6 36.9 24.1 12.5
1984 868.5 301.1 72.1 16.2 202.5 36.0 27.3 12.9
1985 890.4 306.2 74.7 16.1 202.2 41.0 31.3 11.8
1986 877.2 292.8 72.4 15.7 198.2 41.0 27.9 12.3
1987 898.9 295.0 72.8 16.4 208.0 45.8 27.6 14.7
1988 895.9 279.5 73.3 13.8 211.6 43.9 32.8 16.0
A1l rates per 100,000 population.
* Includes Bronchitis, Emphysema, Asthma, and Chronic Obstructive Pulmonary

Nisease (ICD 490-496).
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TABLE 1-4.DEATHS, MATERNAL DEATHS, INFANT DEATHS, NEONATAL DEATHS, FETAL DEATHS,
OREGON, 1908-1988

YEAR DEATHS MATERNAL DEATHS INFANT DEATHS |NEONATAL DEATHS|FETAL DEATHS
Number Rate Number Rate Number Rate Number Rate Number Rate
1908 4,970 8.0 59 709.0 676 81.2 --- --- - --
1909 5,470 8.4 70  808.7 756  80.7 --- --- - - e
1910 6,089 9.0 9] 991.7 733 79.9 --- --- - -
1911 6,360 9.2 91 951.7 753 78.7 --- --- --- ---
1912 5,898 8.4 63 563.1 653 58.6 --- --- -- ---
1913 6,714 9.4 60 543.8 684 61.9 --- --- --- ---
1914 6,446 8.9 72 619.4 577 49.6 --- - .-- ---
1915 6,718 9.1 74 605.0 583 47.6 --- --- --- ---
1916 7,107 9.5 88 679.0 725 55.9 --- --- --- ---
1917 7,349 9.7 87 661.7 837 63.6 --- --- --- ---
1918 9,842 12.8 106 797.3 907 68.2 --- --- --- ---
1919 8,881 11.4 101 740.6 845 61.9 --- --- --- ---
1920 9,186 11.6 112 749.0 927 61.9 --- --- --- ---
1921 8,324 10.2 117 749.7 791 50.6 --- === --- ---
1922 9,381 11.3 115 762.2 886 58.7 --- --- --- ---
1923 8,983 10.6 103 687.0 853 56.9 --- --- --- ---
1924 9,511 11.1 94 594.3 834 52.7 .- -- --- ---
1925 9,596 10.9 95 609.8 787 50.5 --- --- .- ---
1926 9,885 11.1 85 569.4 769 51.5 --- --- --- ---
1927 10,222 11.2 g1 621.7 693 47.3 --- --- --- ---
1928 10,493 11.3 86 607.4 651 46.0 --- --- 410 29.0
1929 10,680 11.3 75 566.3 633 47.7 --- --- 415  31.4
1930 10,544 11.0 81 601.2 671 49.8 --- --- 390 28.9
1931 10, 245 10.6 61 461.2 578 43.7 --- --- 360 27.2
1932 10,272 10.5 64 498.2 530 41.3 --- --- 322 25.1
1933 10,450 10.5 64 523.4 493 40.3 --- --- 329 26.9
1934 10,539 10.5 79 604.4 519 39.7 --- --- 320 24.5
1935 11,429 11.2 72 547.8 537 40.8 --- --- 300 22.8
1936 12,434 12.0 77 545.4 626 44.3 409 29.0 300 21.5
1937 12,369 11.8 56 361.4 649 41.9 415 26.8 340 22.4
1938 11,777 11.1 53 324.5 631 38.6 418 25.6 353 21.6
1939 11,779 11.0 43 257.1 580 34.7 381 22.8 322 19.3
1940 12,329 11.3 45 256.8 592 33.2 413 23.6 365 20.8
1941 12,123 10.9 43 228.9 589  30.7 397 20.9 333 17.7
1942 12,520 10.9 37 166.0 669  30.0 456 20.4 362 16.2
1943 13,440 11.5 37 145.8 776  30.6 466 18.4
1944 12,580 10.3 41 147.9 706  30.1 504 21.5 454 19.4




TABLE 1-4. DEATHS, MATERNAL DEATHS, INFANT DEATHS, NEONATAL DEATHS, FETAL DLATHS,
OREGON, 1908-1988  (Continued)

YEAR DEATHS MATERNAL DEATHS |INFANT DEATHS |NEONATAL DEATHS| FETAL DEATHS
Number  Rate | Number Rate Number Rate Number Rate Number Rate
1945 12,325 10.0 29 124.3 660 28.3 473 20.3 402 17.2
1946 12,828 9.5 28 94.7 803 27.2 594 20.1 515 17.4
1947 13,460 9.5 35 96.7 896 24.8 645 17.8 | 562 15.5
1948 13,872 9.4 15 42.9 892 25.5 671 19.2 508 14.5
1949 13,698 9.1 20 57.0 862 24.6 661 18.9 488 13.9
1950 13,888 9.1 22 6l1.1 816 22.7 627 17.4 493 13.7
1951 14,489 9.2 5 13.4 883 23.7 637 17.1 498 13.3
1952 14,438 9.0 11 27.7 951 23.9 696 17.5 500 12.6
1953 14,598 8.9 15 37.6 938 23.5 680 17.1 | 524 13.1
1954 14,665 8.8 9 23.3 868 22.5 632 16.4 | 512 13.3
1955 15,303 9.1 8 20.7 934 24.1 681 17.6 487 12.8
1956 | 15,328 8.8 11 28.6 887 23.1 645 16.8 504 13.1
1957 15,633 9.0 8 21.1 828 21.9 587 15.5 499 13.2
1958 15,449 8.9 6 16.5 844 23.3 597 16.4 448 12.3
1959 16,699 9.4 9 24.6 927 25.3 664 18.1 469 12.8
1960 | 16,787 9.5 14 36.5 891 23.2 635 16.6 493 12.9
1961 16,885 9.3 8 21.3 861 23.0 604 16.1 454 16.1
1962 | 17,221 9.4 7 18.9 811 21.9 554 15.0 461 12.5
1963 18,017 9.7 7 20.1 747 21.4 551 15.8 410 11.8
1964 18,138 9.5 4 11.9 754 22.5 532 15.9 402 12.0
1965 18,133 9.2 1 3.0 696 21.1 477 14.5 421 12.8
1966 18,979 9.5 3 9.2 697 21.5 506 15.6 387 11.9
1967 18,908 9.4 4 12.7 616 19.6 436 13.9 395 12.6
1968 19,017 9.3 3 9.3 637 19.8 460 14.3 365 11.4
1969 19,548 9.4 4 11.8 592 17.5 410 12.1 194 1/
1970 19,530 9.3 5 14.1 555 15.7 381 10.8 486 13.7
1971 20,087 9.4 5 15.0 615 18.4 416 12.5 408 12.2
1972 20,216 9.3 5 16.0 528 16.9 359 11.5 391 12.5
1973 20,881 9.4 1 3.2 466 15.1 329 10.6 312 10.1
1974 20,320 9.0 3 9.2 488 15.0 330 10.2 266 8.2
|

1975 20,142 8.8 3 9.0 502 15.1 330 9.9 J 284 8.5
1976 20,459 8.7 - - 444 12.7 277 8.0 280 8.0
1977 20,457 8.5 5 13.3 453 12.1 293 7.8 283 7.6
1978 20,870 8.4 2 5.1 502 12.9 299 7.7 302 7.8
.1979 21,024 8.3 1 2.4 450 10.8 276 6.6 307 7.4

1\ Incomplete total




TABLE 1-4. DEATHS, MATERNAL DEATHS, INFANT DEATHS, NEONATAL DEATHS, FETAL DEATHS,
OREGON, 1908-1988  (Continued)

YEAR DEATHS MATERNAL DEATHS INFANT DEATHS |NEONATAL DEATHS|FETAL DEATHS

Number Rate Number Rate Number Rate Number Rate Number Rate
1980 21,756 8.3 1 2.3 521 12.1 303 7.0 294 6.8
1981 21,798 8.2 3 7.0 466 10.8 299 7.0 298 6.9
1982 21,594 8.1 8 19.5 433 10.6 253 6.2 253 6.2
1983 22,361 8.5 6 15.0 385 9.6 215 5.4 268 6.7
1984 23,101 8.7 4 10.1 388 9.8 190 4.8 257 6.5
1985 23,824 8.9 4 10.1 387 9.8 211 5.3 237 6.0
1986 23,328 8.8 4 10.3 368 9.5 183 4.7 268 6.9
1987 24,181 9.0 2 5.2 402 10.4 213 5.5 222 5.7
1988 24,557 3.0 3 7.5 339 8.5 181 4.5 235 5.9

Rate per 1,000 population for deaths.
Rate per 1,000 live births for infant, neonatal, and fetal deaths.
Rate per 100,000 live births for maternal deaths.
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TABLE 6

Summary Table, Low-Birth Babies, Birth Defects in Clatsop, Columbic
and Oregon, 1971-74 Compared With 1983-886.

1971-74 198%-846 Ratio of
Chanage

Clatsop

Columbia

Hoth counties

Uregon

No.of Live Births 1619 1840 L.14
No < R2BOO gr. 32 G 1.12
7Z of Total 5.06 ) O, P9
Noa. with birth defects 18 D 1 .59
Z of Total 1.11 1.76 1. 2%
No.of Live Births 1808 2010 1.11
No < 2500 gr. 95 11z 1.1%
oo0f Total 8O.25 I .07
No. with birth defects a 5 .88
Z of Total ) Q.44 1.8 TLH
No.of Live Rirths Z427 L850 1.1
No < Z800 gr. 177 208 1.16
“ of Total S.16 S5.52 1.072
No. with birth defects 26 6 2.1%
7 of Total Q.76 1.45%5 1.91
No.of Live EBRirths 128060 157754 1.27
No < 2800 gr. 7.:88 B804 1.09
Z of Total 9.77 S.1 0.886
No. with birth defects 1716 1817 1A
Z of Total 1.03 1.15 1.12

Note: Using the change in the percentage of low-weight babies
(i.e. ,those weighing less than 2500 grams) and the corresponding
percentage of babies born with congenital malformations for Oregon
as a yardstick, it is clear that a significant divergent upward
movement can be observed in the counties of Columbia and somewhat
less so in Clatsop.The time periods chosen herc urc 1971-74, before
the Trojan reactor began operations in 1975 and 1983-86, a similar
four year period after the large releases in1981-2. The probability
that chance could account for the 81 percent increase in the
percent of live births with congenital malformations in the two
counties over the period when the corresponding increase for Oregon
was only 12 percent is less than .01.
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Mortality

ALL CAUSES. One Oregonian dies every 21 minutes on
the average. For the decade prior to 1982, the Oregon death rate
fell sharpty, however, since then the rate has increased annually,
except during 1986 and 1988. During 1988, the rate changed
little compared to the previous year, 895.9 versus 898.9 per
100,000 population. A record high 24,557 Oregonians died
during 1988. Notable increases occurred among deaths due
to influenza and pneumonia, suicide, diabetes, and AIDS. For
the fourth straight year, the death rate was higher.in Oregon
than in the nation (883.0). The Oregon rates for the five
individual leading causes of death worsened over the pre-
vious year compared to the nation as a whole.

During the early and mid 1980s, the death rate for males
was on the increase. Since then, however, the rate has
declined annually, but is still above the 1980 value (Table

-1). Overall, the male rate has increased just 1.3 percent
since 1980 to 943.6. Females have not been so fortunate.
Their death rate (850.1) is now higher than at any time since
1950. In just eight years the female death rate has risen 17.4
percent.

Oregonians under 5 years of age have experienced the
greatest drop in death rates; since 1980 the rate has fallen
40.8 percent. During 1988, the death rate for females in-
creased in all age groups except one, while the opposite was
true for males (Table 4-1). The median age at death remained
unchanged during 1988 with one-half of all Oregonians dying
by age 75.

HEART DISEASE. The heart disease death rate fell to a
record low in 1988, declining 5.3 percent over the previous
year to 279.5. This masks, however, a dichotomy between
the sexes: the rate for males has fallen 12.1 percent, from
339.0in 1980 to 297.7 in 1988, while that of females has risen
7.3 percent, from 244.3 In 1980 to 262.1 in 1988.

Heart disease is the preeminent cause of death, account-
ing for about one of every three resident deaths, or one death
every 69 minutes. The Oregon death rate has consistently
been lower than the national rate, and is 10.5 percent lower
than the estimated 1988 national rate of 312.2. In recent
years, residents of the northern Willamette Valley have been
significantly more likely than other Oregonians to die from
heart disease.! Many conditions are included in the complex
of heart disease. Most common are myocardial infarctions,
coronary occlusions, coronary thromboses, and
arteriosclerotic and cardiovascular heart disease, which
comprise about 80 percent of all heart disease. The infarc-
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Figure 4-5.

MALIGNANT NEOPLASM DEATH RATES,
Oregon and the USA, 1965-1988
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tions, occlusions, and thromboses are acute, often terminal
events, while the others represent chronic ailments of the
cardiac function.

CANCER. The long-term upward trend of the malignant
neoplasm death rate continued during 1988, reaching a new
high. The rate increased slightly from last year's record high
(208.0) to 211.6. The lungs are the most common site for both
males and females. Lung cancer deaths are becoming in-
creasingly prevalent among women. A decade ago, there
were 2.8 male deaths for every female death. By 1988, the
ratio declined to 1.7-to-1. The death rate for lung cancer
among men was 4.0 times higher in 1988 than in 1950 (19.3

to 77.7), but among women rose to a level 8.5 times higher
(5.110 43.6). Overall, the total lung cancer death rate has more
than quintupled, increasing from 11.6 to 60.3. Parenthetically,
this has been accompanied by a sharp increase in chronic
obstructive respiratory disease deaths. For additional infor-

mation on this topic, see A Legacy of Death: Smoking and
Respiratory Disease in Oregon, also published by the Center
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Malignant neoplasms are the leading cause of death in
eachten-year age group between 45 and 74 years. The death
rates are substantially higher among males than females after

age 54. Following lung cancer, the other common sites of malignant
neoplasms for males are: prostate, colon, pancreas, and brain (Figure 4-6)
For females the sites are: breast, colon, ovary, and pancreas. The Oregon
death rate is 6.5 percent higher than the estimated national rate of 198.6.
Cancer claims an Oregonian every 1.5 hours.

Flgure 4-6.
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DISTRIBUTION OF MALIGNANT NEQPLASMS
BY SEX AND SITE, OREGON RESIDENTS, 1988
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CEREBROVASCULAR DISEASE. Until 1983, the death rate for

cerebrovascular disease was on a downward trend. Since then the rate has
fluctuated and currently stands at 73.3 (Figure 4-7). Cerebrovascular
disease ranks third overall after heart disease and malignant ncoplasms,




but fourth (56.5) among males following accidents (60.2). The
cerebrovascular disease death rate for females Is 89.5 per
100,000 females, 58.4 percent higher than for males (who
tend to die at younger ages from other causes). The death
rate for this cause has consistently been higher in Oregon
thanin the rest of the nation for the past 20 years; itis currently
20.0 percent above the estimated national rate of 61.1. Every
4.4 hours, on the average, an Oregon resident succumbs to
cerebrovascular disease. Sudden circulatory crises such as
strokes, cerebral thromboses and hemorrhages are common
acute forms of these diseases; cerebral arteriosclerosis Is a
chronic form. These cerebral conditions account for about
one death in ten, and are more common in the older age
groups.

RESPIRATORY DISEASE. In 1887, chronic obstructive
pulmonary disease (COPD) became the fourth leading cause
of death by displacing unintentional injuries. During 1988 the
death rate declined marginally to 43.9; nevertheless, COPD
remained the fourth most common killer of Oregonians. In just
this decade, the death rate has increased 39.4 percent. Much
of this increase has occurred among females. Between 1980
and 1988, the death rate for Oregon women increased 79.6
percent, from 20.1 to 36.1. Desplte a smaller increase among
males (20.3 percent), the rates were and remain higher than
for females; in 1980, the male death rate for this cause was

43.2 compared to 52.0 in 1988.

This group of allied conditions includes four principal
diseases: bronchitis, emphysema, asthma, and chronic air-
ways obstruction. Since 1980, the bronchitis death rate has
declined 5.0 percent but the other three diseases_have in-
creased—emphysema by 21. 1 per percent, chronic airways
obstruction by 50.5 percent, and asthma by 100.0 percent.

In addition to the 1,203 Oregonians whose deaths were
due to chronic obstructive pulmonary diseases, these condi-
tions contributed to the deaths of an additional 1,417 resi-
dents. Oregon’s death rate (43.9) has long been higher than than
the nation’s and currently is 31.8 percent higher than the
estimated U.S. death rate of 33.3. The largest difference is
seen in the emphysema death rate where Oregonians were
60.9 percent more likely to die from this cause than the
average U.S. resident. In the state, the hi19hest rates have
been in southwestern and eastern Oregon.' Every 7.3 hours,
chronic obstructive pulmonary disease claims the life of an

Oregonian.

UNINTENTIONAL INJURIES. The unintentional Injury?

Figure 4-7,
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death rate was on a downward trend for the past several decades until the
early 1980s. Since then, the rate has fluctuated slightly, but changed little
- compared to 1983. However, it still exceeds the estimated national rate by
9.3 percent, 43.4 compared to 39.7. Rates for deaths due to unintentional

2. "Unintentional injuries® is synonymous with accldents (ICD 800-948).




5. FUEL PERFORMANCE

5.1 Introduction

The NRC does_pot_monitor every fuel failure that occurs in licensed
operating nuclear power plants. The approach taken is to set up operating
limits for radioactivity in the coolant (due to fuel failures) that are
stringent enough to ensure that the dose limits specified in the Code of
tederal Regulations are not exceeded and to monitor only those fuel fail-
ures that are significant from the viewpoint of the number of fuel rods
that falled or those in which the failure is due to a new fuel failure
mechantsm.  Perlodic meetings are held with the nuclear fuel vendors to
review the operating experience of their fuel. Operating reactors typi-
cally have 40,000 fuel rods, and the average fuel rod faillure rate during
the last few years has been near or below 0.02% per cycle.l (This ex-
cludes the TMI-2 reactor, which is estimated to have a large portion of
its fuel damaged as a result of the 1979 accident.) Fuel performance has
continually improved, yet deviations from the normal occur occasionally.

5.2 Specific Fuel-Related Incidents

Several events related to fuel performance were reported during cal-
endar year 1982. One was considered significant enough to be included
in NRC's Report to Congress On Abnormal Occurrences (NUREG-0090 series).
The history of fuel performance for 1982 is discussed in the report NUREG/
CR-3602 (PNL-4817), Fuel Performance Annual Report for 1982;2 fuel failure
cevents are also reported in LERs. A summary of significant fuel-related
incidents culled from these sources 1s presented in this chapter.

///5.2.1 Reactor fuel degradation at Trojan

This occurrence, although not severe enough to be classified as an
abnormal occurrence, was nevertheless of sufficient significance to be
included in the category of "Other Items of Interest” in the report series
lteport to Congress on Abnormal Occurrences, NUREG-0090Q, appearing in
Vol. 5, No. 2 of that series (April—June 1982).

This event was also documented in Ref. 2 (p. 40, Sect. 5.1.2 PWR
Batfle Jetting) and also gave rise to Trojan LER 82-006.

On April 26, 1982, scheduled inspections of reactor fuel assemblies
at Trojan idéntified abnormal degradation of several 17 x 17 assemblies.
Irojan utilizes a W PWR and {s located in Columbia County, Oregon.

In late 1981, during Cycle 4 operation, high han normal n

/ product_and gross activity levels were detected in the reactor coolant.
These levels were carefully monitored and were observed to increase slowly
(except during periods of plant shutdown and power reduction) until the
facility began a planned refueling outage in April 1982. The observe
coolant activity levels remained below the limits provided in the facility
license.
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The inspections performed by the licensee identified elght damaged
peripheral assemblies by visual examination using an underwater television
camera. Nine other fuel failures, not obvious to visual examination, were
detected by fuel sipping, a technique ‘that checks for the release of fis-
sion products from the fuel assembly.

An investigation of the fuel fallures determined them to be caused by
fuel rod . All the damaged rods were located in peripherai loca-
tions in the core, and the damage was found to have been caused by water
Jetting through joints in the core baffle, a bolted steel assembly that
surrounds the reactor core.

To prevent a recurrence of such fallures, the licensee replaced a
number of the fuel rods most subject to vibration (in peripheral assem-
blies) with solid stainless steel rods. Additional stiffener grids were
installed on fuel assemblies adjacent to the baffle joints. These modi-
fications have had a negligible effect on core performance; this was veri-
fied by testing during plant startup. During a future refueling outage,
the licensee plans to modify the core baffle to eliminate the baffle

jetting phenomenon.

The observed fuel failures had no effect on public safety or the en-
vironmenf and ‘did not result in radioactivity levels or efflueat releases
in excess of those allowed by the operating license.

NRC I&E Information Notice 82-27 (Ref. 3) was issued on August 35,

1982, to inform licensees of this event.

5.2.2 TIodine spiking and gas release incidents

Iodine spiking (i.e., a temporary increase in coolanc iodine con-
centration) is frequently observed at reactors where le fuel rods are
r These temporary increases in iodine concentrations have been
observed to occur following shutdowns, startups, rapld power chgnges, and
coolant depressurization. lodine spikes’afe Characterized by a rapid in-
crease In coolant concentration by as much as three orders of magnirude,
followed by a return to presplke concentration. The latter characteristic
distinguishes the spiking phenomenon from a stepwise permanent increase
in coolant activity level caused by the sudden failure of one or wore tuel
rods.

Many Technical Specifications for primary coolant iodine concentra-
tions make allowance for iodine spikes by permitting temporary excursions
(not to exceed 48 h) above the equilibrium concentration limit. For each
excursion above the equilibrium limit, an LER is required. Four BWRs
(Brunswick 1 and 2, Hatch 2, and La Crosse) and approximately one half
of the operating PWRS have this type of Technical Specifications.
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