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RECREATIONAL USE OF THE COLUMBIA RIVER
—- EVALUATION OF ENVIRONMENTAL EXPOSURE -

INTRODUCTION

The Hanford nuclear installation of the U. S. Atomic Energy Com-
mission contributes small amounts of radiocactivity to the area imme-
diately adjacent to the plant and to the Columbia River which flows
threugh thé project. The plant's environment has been monitored and
evaluasted since the plant's beginning to meke sure that the radioesc-
tivity is meintained at conservatively safe levels. In recent years,
the evaluation process includes a determination of the annusl dose
contribution to population groups in the environment from radiocactivity

originating in the plant.(l)

The environmental dose evaluation process consists of estimates
of the dose contribution to critical organs of the affécted population
as a result of each of numeroﬁs pathweys, and the summation of the
pathways to provide a total aﬁnual eritical organ dose.(203) Some of
the environmental dose comes from the internal. deposition of radio-
activity in the people affected as a result of radicactivity in various
dietary compcneﬁts. There are continuing studies designed to contri-‘
bute information assisting in the improved estimation of such
depositiong.(h’s's) In addition to the exposure from internally
deposited radionuclides, a contribution is also'potentially available
as a result of external exposure from radionuclides in the environment,
This external exposure is largely essociated with radionuclides in the
Columbie River and that concentrated in debris accumulated at the-

waterline. The opportunity for exposure to these radionuclides is
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dependent upon the population's use of the Columbia River for fishing,

hunting and other recreation.

In the evaluation of annual environmental dose, two forms of external
exposure are generally included: exposure to the shoreline and water sur-
fece while fishing, hunting or picnicing; and immersion exposure received
vhile swimming or water-skiing in the river. For 1967, the estimated
average immersion exposure rate for the Columbia River at Richland was 2.5'
mR/day.(7) Assuming the average Richland reéident swing in the Colunmbile
River for 24 hours during the year, his whole body exposure from this
pathwey would be 2.5 mR, In the case of fiahefmen, the dose évaluation
for the "meximum individual" assumes en enthusiastic fisherman whd eats
200 meals of Columbia River fish per year and therefore must spend sbout ‘
500 hours on the riverbank fishing. The average exposure rate at the
shoreline at Sacajawea Park, near some of the most popular Tri-City
fishing areas, includes a 0.53 mR/day from Hanford radicnuclides. In 500
hours, the fisherman would therefore receive a gonad and torso exposure

of about 11 mR. It is efident that these external dose estimates strongly

depend upon the average exposure time assumed. The number of hours that

have been used in calculating annual dose is quite arbitrary, having no
firm statistical basis. The study reported here contributes some infor-
mation on the amount of time Richland residents spend in recreational

activities involving the Columbia River.
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- SUMMARY v
A total of 430 téen—age students in Richland'schoblh‘were questioned
cobcerning their use of the Colﬁmbia River for recreation purposes. The
survey investigated the frequency and length of swimming trips, water ski-
ing trips, fishing and hunting trips and picnics essociated with the
Columbie River. The data are to be used in evaluating the external dose
. received by Richland residents from the radioactivity in the Columbia

River and accumulated along the shoreline,

0f the students questioned, esggntially all ocbtained recreational
benefit from the Columbia River. On the average, they spent 115 hours
per year in, on, or alongside the river. The most popular form of
recreation was swimming, representing an average of 57 hours per year.
A ressonsble extrepolation of this teen-age data to the whole Richland
population would suggest that 30 to 35 hours per year on the average is
probably spent in Columbla River recreation. ’The estimated average
exposure resulting from this use of the river is 1.6 mR, in close agree-
ment with the value of 2 mR included in the 1967 environméntal dose
evaluation, Individial teen;agers were examined with regerd to their
possible externai exposure and values of up to 68 mR were obtained in

extreme cases,
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III. . METHODS

During the course of a study of body burdens of teen~age students
of Richland in the spring of 1969,.a mobile whole body counter was
positioned near the high school and one of the junior high schools and
students were invited to stop in for measurement, In addition to
measuring body burdens of radionuclides, the students were gquestioned
concerning their diet habits and use of the Columbia River for recre-
ation. 'The participation in the study was voluntary and the group of
teen-age atudents who chose to participate may or may not have been a
representative sample of the total Richland teen-age population.
However, for purposes of evaluating residence time along the Columbia
River to assist in dose estimates, this sample is assumed to be
sufficient representative. A total of 430 teen-agers were questioned
during. the course of the program. Of these, 250 were from the high
school, renging in ege from 15 years thrdugh 17 years, and 180 were
from the junior high school, renging from age 12 years through 1k

years.

The answers to the guestions were cbtained from the students
crally. This permitted some discussion end explanation of the gques-
tions. There was some evidence of reinforcement of answers from
other students present in the whole body counter. The questions

concerning Columbie River recreation that were posed to the students

were:
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Dﬁring 1968, daid you:

Swim in the Columbia River? How many times? How many hours each
time? How many hours were you in the water?

Water-ski on the Columia River? How meny times? How many hours
each time? How many houfs were you in or on the water?

Fish or hunt from a boat on the Columbia River? How many times?
How many hours each time?

Fish along the shoreline of the river? wa many times? How many
hours each time? |

Picnic on islends in the Columbia River? How many times? How many

hours each time?

The answers to these questions provided the statistical basis for
the results presented in this report. Although some of the answers are

of questioneble merit, none were eliminated from the aversge.
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RESULTS

A summary of the responses to the questions used-in this survey are
shown in Table 1. The answers received seem reascnable on the average,
although some individual responses were probably misteken or exaggerated.
Only 18 students (L4 percent) indicated no recreational time on the

Columbia River during 1968.

The most popular form of recreation was swimming, in which 81 per-
cent of the students participgxed. O0f those who swam‘in the river, the
average time spent on swimming trips during 1968 was T2 hours. ' The next
most popular recreational activity was picnicing on islands in the
Columbia River, with 73 percent of the students indicating affirmative
answers. Thebstudents who partic;pated in picnics spent an average
total of 24 hours on these trips during 1968. In the case of water-
skiing, 49 percent of the teen-agers indicated some participation
during 1968, which totaled an average of 36 hours. Both in the case of
swimming and water-skiing, the aﬁudente estimated that about half of
their total time spent in these activites was involved actively in or

on the water.

Fishing or hunting from a boat imvolved 35 peréentvof the teen-
agers questioned and fishing along the shoreline involved 40 percent
of those questioned. These boat trips averaged a total of 25 hours
during the year, while the shoreline fishing trips averaged 33 hours

during the yesr. The distribution of exposure times estimated by the

teen-agers in this study for each of the various recrestional
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~ TABLE 1

TEEN~-AGERS RESPONSE TO QUESTIONS

HIGH JR. HIGH
SCHOOL SCHOOL  COMBINED
Number of students questioned - 250 180 430

During 1968, did you swim in the Columbie River?
. : Yes —- 85% T5% 81%

How many times? How many hours each time? (Average
affirmative enswer in total hours of swimming
trips) 15 67 T2

How many hours were you usuelly in the water?
(Average affirmative answer in total hours in
the water) 43 30 38

During 1968, did you water-ski on the Columbia »
River? _ Yes «- 58% 36% Lo%

How many times? How many hours each time? (Average
affirmative answer in totel hours of water ski- ’
ing trips) : 32 43 36

How many hours were you in or on the water?
(Average. affirmative answer in total hours in or
on the weter) . 18 17 18

During 1968, did you fish or hunt from a boat on
the Columbia River? Yes -- 33% 38% 35%

How meny times? How meny hours each time? (Average
affirmative answer in total hours of boat trips) 25 26 25

During 1968, did you fish along the shoreline of
the Columbia River? - Yes ~~- 38% 42% 40%

How many times? How many hours each time? (Average
affirmative answer in total bours of fishing '
trips) Yes 30 38 33

During 1968, did you picni¢ on islends in the
Columbie River? Yes -- T0% 78% 3%

How many times? How many hours each time? (Average
affirmative enswer in total hours of trips) 22 26 2k
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opportunities is shown in Table 2. There is evidence of wide differ-
ences in the recrestion habits of teen-agers from the rather broad
distribution obtained. The sizeable number of students estimating
more than 200 hours in recreation on the Columbia River during 1968
is evident in this table. For example, 3k students, representing 8
percent of the total questioned, estimated that they spent more than

200 hours on Columbis River fishing trips during 1968.

To cbtain total recreation time involving the Columbia River for
each individual, the sum of the total hours of swimming trips, water-
skiing trips, fishing or hunting boat trips, shoreline fisping trips
and islend picnicing trips was tebulated. The distribution of these
total’houra‘or Columbia River recreation ﬁre shown graphically in
~Figure 1. The average total for the whole population group is 115
hours. If only the affirmative answers are averaged, the total becomes
120 hours per year. From Figure I, it is clear that a significant
number of teen-agers estimate they spent in excess of 300 hours in
Columbia_River recreation: per year. The details of the students whose
total recreational time exceeded 300 hours are presented in Table 3.
Although some of the answers do not appear logical, it is difficult

to eliminate them on the basis of comparison with other responses.
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TABLE 3
DETAILS OF THE MAXIMUM RESPONSES TO
COLUMBIA RIVER RECREATION QUESTIONS

) 4

o |8 2| 5 S

o | 8|76 (B (Be | 5| g8 | gES

sg |82 [B% |BL |9 (B2 |ER| 2R | xds

g |u5 (=0 |5y BB |BE &0 |Ke  BE | 2dE
(= = ] ! g

S |2y |85 |2 (28 |82 |35 |28 | SE¢ Sz

w |BE |88 |8% |88 |88 (8F |88 | eEg | ERE
1 |1000 | 300 0 0 16 24 80 1120 49
2 1 750 § 450 | 180 | 120 8 2 24 964 68
3 | 600 | 300 80 20 60 | 150 30 920 LT
4 | 600 | 150 | 200 50 90 0 0 890 36
5 | 360 | 180 0 0 60 | 360 8 788 32
6 90 90 | 180 | 180 0 0 | k50 T20 38
7 | 100 75 { 200 { 100 30 | 100 | 240 670 29
8 | 450 { 270 10 10 { 120 21 39 640 37
9 | 300 | 150 | 150 75 18 20 75 563 31
10 60 15 | 2ko 60 0 12 { 240 552 18
11 | 240 | 120 { 150 75 64 80 12 546 28
12 | 240 80 | 180 30 16 20 90 s5Lé 21
13 90 90 | 270 90 60 80 18 518 26
1k | 420 | 180 45 L5 6 6 35 512 30
15 | 100 | 50 | 300 | 200 50 6 40 496 31
16 | 360 | 120 36 36 0 30 48 LTk 23
17 | 140 | 105 | 1ko 70 { 160 20 12 472 25
18 | 450 | 180 0 0 0 0 8 458 25
19 | 270 | 180 ko ko 60 20 60 450 28
20 | 270 | 135 48 6 8 20 96 Lu2 21
21 80 40 40 20 0 0 | 320 kho 15
22 | 210 70 | 200 13 7 0 16 433 16
23 | 280 | 1ko 60 20 80 0 8 428 23
24 | 240 90 { 120 | 120 12 20 30 Y20 27
25 | koo | 100 8 2 0 0 12 L2o 18
26 | 280 | 1ko 30 20 16 80 0 Loé 22
27 | 250 | 250 | 100 | 100 0 0 50 Loo 38
28 | 320 | 160 18 2 0 0 60 398 22
29 | 225 | 135 25 25 70 45 24 389 22
30 | 300 | 100 6 6 0 0 45 351 16
31 | 150 | 100 30 15 ko | 120 | 10 350 17
32 80 20 | 160 60 40 28 ko 348 14
33 | 150 { 150 | 150 | 150 48 0 0 348 32
34 50 50 50 50 | 100 60 80 340 16

35 | 100 25 0 0 | 150 0 80 | 330 9.3
36 | 200 | 100 90 60 Y 0 32 326 20
37 | 300 90 0 0 of|: 0 25 325 15
38 |10 | 70} 48 | 12| 4| 32| ko 308 14
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CONCLUSIONS, RECOMMENDATIONS

The limitations of the date qbtained in this study for drawing
firm conclusions are obvioﬁs., The responses to guestions rely om the
cbjective of the people questioned, resulting in probable systematic
bias on the high side. Furthermore, the teen-age group sampled in
this study could hardly be ccnsidered a suitable sample of the wholé
Richland population. Until addition information can be cbtained, it‘

is s8till necessary to make an intuitive correction of these results

to obtain population averages.

\

According to a recent population analysis,(a) the age distribu-

tion of the Tri-Cities during 1968 was:

0-5 years : 10.2%
6-11 years 12.9%
12-17 years 13.7%
18-2k years 12.8%
25-3k years 11.2%
35-49 years 18.6%
50-6k4 years 14.6%
65 and over 6.0%

The 12-17 age agroup is almost precisely the group sampled iﬁ this
study. They represent 13.7 percent of the Richland population, or
ebout 3,92k individuals (babed on a post office survey of May 1, 1968).
The sample questioned is therefore nearly 11 percent of the total popu-
lation. It seems reasonable to exclude part of the 0-5 and 65 and over
age groups as being unlikely to contribute to the total population |
exposure as & result of Columbia River recreation. For this analysis,

half of these two age groups are excluded.
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If one assumes that the 12-17 age group receives some selected
fraction of the total population external dose, it is possible to then
cealculate the aw;rage number of hours spent in recreation on the
Columbiea River. The 12-1T7 age group almost certainly spends more hours
per year on the Columbia River than the population average; that is,
one would expect the population average to be less than the 115 hours
obtained from the teen-age sample. If one assumes that the 12-1T age
group are the only members of the population utiliziné the river, the
population average becomes 16 hours per year. This is clearly too low.
Intuitivel&, one would expect this age group to receive between 30 and
T0 percent of the exposure, because of their relative freedom to parti-
cipate in Columbie River recreational activities. The associated
average population exposure ranges from 23 to 54 hours per year. In
the absence of other information, an annual Columbia River recreation
time of 32 hours seems reascnable for calculating average exposure

of the Richland population.

The teen-agers estimated that of the 115 hours spent on the river,

50 percent was swimming trips, 16 percent was water-skiing trips, 8

.percent was fishing or hunting from a boat, 1l percent was fishing from

the shoreline and 18 percent was spent on picnics on islands. This
distribution may not be representative of the average population, but
is the best bredkﬁown available, Assuming that helf of the time spent
on swimming and water-skiing trips is exposure time for immersion dose,
33 percent of the annuél total or lllhours per year would be & reason-

eble estimate for this pupose. The remainder, 21 hours per year, would
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then be exposure to surface dose from the river or shoreline. If one
applied the surface exposure rate (Sacajawea Park) and immersion expo-
sure rate (Richland) of 0,53 mR/day and 2.5 mR/day, respectively, which
was used in the 1967 dose evaluation to these estimated exposure traces,
an average whole body exposure of 1.6 mR isvobtained. This ﬁhy be com-
pared with the value of 2 mR calculated for inclusion in the 1967 dose

estimate.

Of course, individual teen-agers who are enthusiestic water skiers
or swimmers mey differ considerably from the average. In the»case of
these students reporting greater then 300 hours per year total river
recreation time, the individual whole-body exposures are shown in the
right hand column in Table 3. These calculeted exposures are derived
from the 1968 recreation times estimated by each student and the
immersion and surface exposure rates used in the 1967 environmental
dose evaluation. The calculated whole body expoaufe for this group
ranges from 9 to 68 mR. These students maey be identified as a sample
of the “critical population group" for this pathway, for which a whole
body dose limit of 500 mrem per year is appropriaste (individual
members of the population). If the average external exposure calcula-
ted for this sample of the critical population, 26 mR, had been used
in calculating the 1967 environmental dose for the "maximum individual,"
the whole body dose would have been 47 mrem instead of the value of 32
mrem included in’thax report.(7) This s8till represents less than 10
percent of the eppropriate limit and dées not affect the conclusions -

drawn from that environmental evaluation.



™ .

« NF

| -15- BNWL~CC-2299

The hypotheticel "maximum individual" included in annuel environ-
mental dose evaluations has always been considered an avid fisherman
because of the 200 meals of Columbia River fish ascribed to his diet.
The data obtained from this study tend to suggest that recreation other
than fishing may provide another critical pathway. The combined boat
exnd shoreline fishing time estimeted by the students gave no total as
great as 500 hours and only three as great as 200 hours. Nearly'hs
percent of the students did not fish at all., The importance of fishing
es a form of recreation on the ri#er probably increases among older

members of the population,
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