EVALUATION OF RADIOLOGICAL
CONDITIONS IN THE VICINITY
OF HANFORD
JANUARY-JUNE, 1967

THE ENVIRONMENTAL STUDIES
SECTION STAFF

J. F. HONSTEAD,
MANAGER

JANUARY, 1968

AEC RESEARCH &
DEVELOPMENT REPORT

BATTELLE NORTHWEST
BATTELLE MEMOWIAL INGTITUTE PATIFIC NORTHWES! LARDNATONY
000 STEVERS ODRIVE 7. O, BOX 89, RICHLAND, WASHINGTON 90382

BNWIL-665

e ala FYREST. ]






3 3679 00061 0875

BNWL-665
UC-41, Health and Safety

EVALUATION OF RADIOLOGICAL
CONDITIONS IN THE VICINITY
OF HANFORD
JANUARY-JUNE, 1967

by

The Environmental Studies
Section Staff

J. F. Honstead,

Manager

Edited by

T. H. Essig

Environmental Studies Section
Environmental Health Department

January, 1968

FIRST Coiinoiiuoio

DISTRIBUTION MADE itbi‘) b8

PACIFIC NORTHWEST LABORATORY
RICHLAND, WASHINGTON



11 BNWL-665

Printed in the United States of America
Available from
Clearinghouse for Federal Scientific and Technical Information
National Bureau of Standards, U.S. Department of Commerce
Springfield, Virginia 22151
Price: Printed Copy $3.00: Microfiche $0.65



BNWL-665

EVALUATION OF RADIOLOGICAL CONDITIONS
IN THE VICINITY OF HANFORD
JANUARY-JUNE, 1967

SUMMARY STATEMENT

Surveillance of the Hanford en-
virons during the first half of 1967
showed that the concentrations of
radiocoactive materials in the vicinity
were well within the appropriate
limits and that radioactive wastes
were under sound and continuous con-
trol. Most of the environmental
radiation dose for the majority of
persons living in the Hanford en-
virons was due to natural sources
and world-wide fallout rather than
to Hanford operations.

The major source of low-level
radicactive waste released to the
environment from Hanford plants is
reactor cooling water discharged to
the Columbia River. ZP continued
to be the radionuclide of Hanford
origin that contributed the largest
radiation dose to individuals who
consistently ate sizable quantities
of locally caught fish.

To estimate the maximum radiation
dose received by persons residing in
the Hanford environs, a hypothetical
Maximum Individual was postulated.
Included in this individual's annual
diet were 200 meals of Columbia
River fish. The Maximum Individual's
32p from fish
for the 12 month period ending June
30

Permissible Rate of Intake (with

estimated intake of

, 1967 was about 6% of the Maximum

bone as the critical organ). This

intake is essentially the same as

that reported in the 1966 Annual
(1)

The Typical Richland Resident re-

Report.

ceived most of his radiation dose
from natural background and world-
wide fallout. The radiation dose
from Hanford sources received by this
population group originates, for the
most part, from drinking water ob-
tained from the Columbia River. An
evaluation of estimated doses re-
ceived by the various body organs

of such an individual indicated that
the dose to the GI (gastro-intestinal)
tract was the largest percentage of
appropriate limits. The GI tract
dose from drinking water for a Typi-
cal Richland Resident for the 12-
month period ending June 30, 1967 was
about 5% of the limit.

1311 concentrations in

Generally,
the Hanford environs were at very
low levels during the first half of
1967. The estimated thyroid dose for
a small child (2 g thyroid) drinking
Richland water for the 12 month
period ending June 30, 1967 was 13

mrem, or 3% of the appropriate limit,

as compared to 35 mrem during 1966.(1)
Radioactive fallout caused a brief
131

increase in I concentrations in
the environment during January, but
concentrations soon returned to the
low levels experienced during most

of 1966.
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EVALUATION OF RADIOLOGICAL CONDITIONS
IN THE VICINITY OF HANFORD
JANUARY-JUNE, 1967

INTRODUCTION

Results of the environmental sur-
veillance program, conducted for the
lHanford Plant by Battelle-Northwest's
Environmental Studies Section, are
summarized in this report for the
first half of 1967. To show trends
in radiological conditions, data col-
lected for this reporting period have
been added to graphs showing the re-
sults of measurements from previous
years.

This report supplements and up-
dates data presented in the 1966 An-

(1)

combined off-project effects of the

nual Report, which evaluates the
radioactive waste disposal practices
of all contractors at Hanford (Fig-
gures 1 and 2). Radiation protection
practices, including radioactive
waste disposal, are governed by AEC
Manual Chapters 0524 and RL 0524, (5)
Radiation dose estimates for peo-
ple 1living in the Hanford environs
during 1966(1J
reference in Figures 3 and 4. These

are presented for

figures represent the MPRI (Maximum
Permissible Rate of Intake) and the
radiation dose received by the GI
tract, the infant thyroid, and the
whole body for the Maximum Individual
and the Typical Richland Resident.
Recommended dose standards are indi-
cated, and several sources of radio-
nuclide intake are identified. The
Maximum Individual has been assigned
eating and living habits that would
result in the largest probable per-

cent of limit:

® PENDLETO! \

o gl

waH
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OREGON - g b

CALIFORN!A

FIGURE 1. Geographical Relationship
of Hanford to Pacific Northwest

e Consumption of 200 meals per year
of fish caught down river from the
reactors

e Spending 500 hours per year on the
riverbank to catch the above
quantity of fish

e Consumption of meat, milk, fruit,
and vegetables from irrigated
farms in the Riverview District

e Consumption of drinking water from
the Pasco system.

The Typical Richland Resident was
assumed to have no unusual eating or
living habits. Essentially all of
his foodstuffs were assumed to have
been purchased from commercial outlets.

The term '"analytical limit" 1is

used in this report to provide an
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FIGURE 2. Features of Hanford
Project and Vieinity

indication of the reliability of the were chosen to represent upper
data. The "analytical limit" is de- bounds to these fluctuating detec-
fined as the concentration at which tion limits.

the laboratory can measure a radio- The radiochemical data presented
nuclide with an accuracy of +100% at in this report were supplied by the
the 90% confidence level. The de- U.S. Testing Co., Inc., which per-
tection limit for a specific radio- formed all routine radioassays of
nuclide varies with sample type, environmental samples.

sample size, counting time, and the The units used throughout much
amounts of interfering radionuclides of this report are mrems (dose-

present. The "analytical limits" equivalent). When the nuclides of



Source

65 Nuclide Food, ctc.
Zne" *
Bone
‘Fish
* *
§\5Zn = Meat
; \Mllk
Total Body
oxt./
Veg. &
4 E 3 E 3
239Np 65 e ruit
Z Milk
GI Tract
veg. &
Fruit
Thyroid 131
(Infant) !

* All Other Nuclides
or Foods

FIGURE 3. FEetimated Dose to Maximum

Tndividual, 1966

20

Percent of Limit

40

60

80

100

1/10
Occupational

Intake
AEC - ICRP

J

1

500 mrem
per Year
AEC - FRC

i

o

1500 mrem
per Year
AEC - FRC

|
é

1

1500 mrem
per Year
AEC - FRC

[

Boac

Thyroid
{Infant)

Source Percent of Limit
Nuclide Food, etc. 0 20 40 60 80 100
X —
1/30
Occupational
:::W:% Intake
T AEC - ICRP
A ]
*
o ]
Fwaterd
170 mrem
per Year
AEC - FRC
e xt
500 mrem
per Year
AEC - FRC

131

1

500 mrem
per Year
AEC - FRC

* All Other Nuclides
or Foods

FIGURE 4.
Richland Resident, 1966

Estimated Dose to Typical

S99 -TMNE



interest at Hanford are considered
with the organs for which radiation
doses (in mrads) are calculated,
the units rad and rem are then nu-

merically equal.

ENVIRONMENTAL CONCENTRATIONS

The radionuclides of particular

interest during the first half of

1967 were >2p, “Ycr, %%zn, 7Oas

1228b,* 1311, and 239Np, all primar-

ily from reactor cooling water.

3

Near the end of this reporting
period, another Hanford production
Of the

eight Hanford production reactors,

reactor was shut down.

D Reactor is the fourth to be

retired since 1964,

RADIONYCLIDES IN THE COLUMBIA RIVER

A1l of Hanford's production reac-

tors use Columbia River water for cool-

ing. The seasonal variation in radio-
nuclide concentrations in river water

(Figure 5) are due primarily to

changes in river flow rates (Figure 6).

Transport rates of certain radio-

nuclides (Figure 7) are obtained by
multiplying the radionuclide concen-
trations by the river flow rate cor-

responding to the sampling period.

* In April, 1967, the U.S. Testing
Co. reported the presence in
river water samples of a nuclide
thought to be 2.8 day 1225b.

The presence of 1225b has been
confirmed, and its concentra-
tiong in river and drinking
water are now measured routinely.

BNWL-665

The average concentrations and

64Cu, 652n, 239Np,

and RE+Y in the Columbia River at

transport rates of

Richland were slightly higher and
24Na, 3ZP, 51Cr, 76As and 1311 aver-
age concentrations and transport
rates were slightly lower during the
first 6 months of 1967 than during

the same period of 1966.(1’2)

RADIONUCLIDES IN DRINKING WATER

The city of Richland is the first
community downstream from the Hanford
reactors that uses the Columbia
River as a source of drinking water.
The cities of Pasco and Kennewick,

a few kilometers further downstream,
also use it. The average concentra-
tions of several radionuclides in
Richland, Pasco, and Kennewick
drinking water measured during the
first half of 1967 are summarized in
Table I. Not included in Table I
are measurements of 1ZZSb concentra-
tions in drinking water at each of
the three cities, since only June
measurements were available: Rich-
land, 110 pCi/liter; Pasco, 49 pCi/
liter; and Kennewick, 13 pCi/liter.

The concentrations of short-1lived
radionuclides in water at the time
it is consumed are less than shown
in Table I, because there is a
significant, though varying, trans-
port time between the water plant
and most consumers. The transport
time may vary from hours to days,
according to the location of the
customers on the distribution system
and the water demand.

The calculated dose to the GI

tract, whole body, and thyroid, and
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the percent MPRI for bone from sus-
tained consumption of drinking water
for the 12 month period ending June
30, 1967, are shown in Table II.
The data in Table II include the ef-
fects of 122Sb; however, this nuclide
contributes measurably only to the
GI tract dose.

The calculated GI tract dose from
drinking water at Richland and Pasco

for the past few years is shown in

BNWL-665

curves during January, 1966 is due
1228b*
and a revision in the method of GI
The GI tract dose
(27 mrem) at Richland for the 12-
month period ending June 30, 1967

to both the contribution from

dose calculation.

was somewhat lower than for the year

* Although routine measurements
of 1225p concentrations were not
made during 1966, estimates
were obtained to permit deter-
mination of the dose increment

Figure 8. The break in the dose (1-4 mrem/yr).
TABLE I. Concentrations of Several Radionuclides Measured
in Drinking Water, January-June, 1967 (pCi/liter)

Radionuclide Richland Pasco Kennewick

RE + Y'2 62 47 - (b)

24Na 1700 930 120

32p 68 77 23

Sley 3600 3100 1400

64cy 550 150 50

0520 120 100 <20

76AS 170 51 19

Mgy 1 1 -

131y 6.4 5.7 <2.2

239 650 450 63

Total Beta,

(counts/min/ml) 5.4 2.1 0.45

(a) Rare Earths + Yttrium

(b) The (--) indicates insufficient data to provide

a meaningful average.
TABLE II. Calculated Dose for Selected Organs from Routine Ingestion

of Drinking Water (July,

1966-June,

1

967)

GI Tract,(a) Whole Body,(a) Bone,(a) Thyroid,[b)
mrem mrem % MPRI mrem
Richland 27 2 0.5 13
Pasco 12 <1 0.4 12
Kennewick 3 <1 0.1 5
(a) The "standard man”{4) water intake of 1.2 liter/day was used in

this calculation.

(b)

The radiation dose is estimated for a 2 g thyroid of a small

child and an average water intake rate of 0.4 liters/day.
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1965

1966 1967

Calculated Dose to GI

Tract from Pasco and Richland

Drinking Water

1966 (31
The whole body doses for

ending December 31,

(1

the two periods were about equal,

mrem) .

as were the percentages of MPRI for
bone.

The calculated thyroid doses from
drinking water for the year ending
1967 at Richland,
12,
respectively) were much less than for
1966

mrem, respectively

June 30, Pasco, and

“ennewick (13, and S mrem,
the year ending December 31,
(35, 22, and 30

This difference

e
is due mostly to the
unusual release of radioiodines to
the Columbia River that occurred dur-

ing February, 1966.(1’2)

RADIONUCLIDES IN FISH AND WATERFOWL

The Columbia River provides popular
sports fishing areas both above and
Those
fish that feed downstream from the

below the Hanford reservation.

reactors acquire some reactor effluent

radionuclides through the normal food

chains. The two principal radionu-

clides found in these fish are 3ZP
65
Z

and n, the levels of which vary

accordirg to species and season of

the year.
Whitefish usually contain the
highest concentration of 32p (Figure

9);

during the winter months when other

in addition, they may be caught

sports fish are very difficult to

sample. Therefore, data accumulated
from whitefish sampling are used as
trend indicators, even though white-
fish are not the most significant
source of radionuclides for the
As in 1966,

3ZP in whitefish dur-

local population. con-
centrations of
ing the first 6 months of 1967
reached a maximum in early spring.
The average concentration of 100
pCi 32P/g during the first 6

months of 1967 was essentially the
same as that for the first 6 months

of 1966 1) ana 1965, (%)
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FIGURE 9. P in Whitefish Caught
in Columbia River Between Ringold
and Richland
A small number of waterfowl higher concentrations of 65Zn than

samples was obtained early in 1967
during the closing weeks of the
1966-67 hunting season. Results

of radiochemical analyses indicated
that concentrations of radionu-
clides generally agree with data

collected during 1966.

RADIONUCLIDES IN SHELLFISH

SZP and 65

Zn are the only two
radionuclides of Hanford origin that
are found beyond the mouth of the
Columbia River in sufficient quantities
to be of radiological interest.

Oysters have been found to contain

other common seafoods, and samples
of oysters are obtained regularly
from the Washington Coast for radio-
(Figure 10). The
average concentration of 28 pCi 65Zn/g
during the first 6 months of 1967

was the same as that observed during

1966, (1)

chemical analysis

RADIONUCLIDES IN THE ATMOSPHERE

Hanford gaseous waste 1s released
to the atmosphere through high stacks
after most of the radiocactive mate-
The radio-

nuclide of primary interest in the

rials have been removed.
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FIGURE 10. In and P in

Willapa Bay Oysters

effluent gases of the chemical sepa-
rations facilities 1is 1311.

An extensive network of air
sampling stations is maintained

around the Hanford project perimeter

for 1311 and radioactive particu-
lates. Routine measurements of
131

I in the air at Richland, Pasco,
and Kennewick during the 12 months
1967,

than the analytical limit of 0.02

ending June 30, averaged less

pCi/m3 of air. A sustained concen-

1311 at this level in

tration of in-
spired air would imply an annual
radiation dose to the thyroid of the
"standard man”(4) of less than 1
mrem from this source.

The principal sources of radioac-
tive particulate material in the
local environs are world-wide fall-
out and natural radioactive mate-
rials. The concentration of beta
emitters in the atmosphere of eastern
Washington and northeastern Oregon

was generally less than 0.2 pCi/m3

during the first 6 months of 1967,
although a sharp transient increase
in beta activity was noted in early
January during an influx of fallout
(Figure 11).

RADIONUCLIDES IN MILK AND PRODUCE

The radioactivity found in local
produce and local milk can be in-
fluenced by deposition of airborne
radionuclides and by irrigation-with
river water containing reactor ef-
fluent radionuclides.

The comprehensive milk surveillance
program includes samples from local
farms and dairies and from commercial
supplies available in local stores.

Concentrations of 131

I in locally

available milk are shown in Figures
12 and 13.
of 1967, *
milk were generally near or below

(3 pCi/liter),

During the first half

311 concentrations in

the analytical limit



tters, pCiimd

ration of Bet

—+ Hanford Project (200 Areas)
O Tri-Cities

® Perimeter Communitics

Analytical Limit

M A M J J

FIGURE 11. Radioactive Particulates
in the Air in the Hanford Environs

Al

S99-"TMNG



Concentration, pCi/liter

1000

i~ 0O Brand F
I From ¢ g Brand A
— Stores
= @ Brand H
= ® Ringold
O Riverview
B A Eltopia
From{ & Benton City
100 Farms | 4 pasco #1 - o -
I~ [ ]
- T Pasco #2
+
f \ W West Richland
B From ¥ Prosser-Benton City A
Dairies ¥ Columbia Basi
olumbila asin
i T+©@ b
A
10 [T N — -
[ ]
’—g oT Analytical T oaw
B Limit ° AW
la . o .
3 A .
LS S L e@“@mﬂ“ FERTR
v'g D VT ;OV pa o TV M
B |:| i 0 B
. l
! l : ‘ ! ! | | !
J A S ] N D J F M A M J
1966 1967
- 151 . *7abl
FIGURE 12. I in Locally Avatlable

Milk, July, 1966-June, 1967

¢l

599-"TMNY



14 BNWL-665
500
O Farms
A Local Commercial
O Puget Sound Commercial
100
1)
I
3
o
T
g
W
1)
=
1
Q
j=}
o]
O
v
IS’y
g o}
o
Z o
>y 10 @)
£
g Analytical
Limit S o
| o %
oAl Ry
o} o} o0 o g
oo oo To o ODDA%ODDRJQQQ S‘ g Eg
00 000
a £RR0a4
A4asAdgaAd 3 AXTLULKILRRAXORAAR"E 22222
) NN T T SN O U SN T [ S AN A RN Y SO A RO A A
J J D|J J D|J J D J J D
1964 1965 1966 1967
1381 . R
FIGURE 13. I in Locally Available
Milk, January, 1964-June, 1967
except for a sharp transient in- liter, in order to follow lower-level
crease during the influx of fallout trends. The monthly average concen-

in January.

Dairy farms in the Ringold and
Riverview area using the Columbia
River for irrigation of pasture land
and hay fields produce milk contain-

3ZP and 65Zn.
32

ing The concentrations

of P in farm milk (single samples)
In 1967, the

3ZP analyses 1in

are shown in Figure 14.
analytical 1limit for
milk was reduced from 200 to 20 pCi/

trations of 65Zn in farm milk are

shown in Figure 15. Seasonal fluc-
tuations, caused primarily by irri-
gation and feeding practices, fol-
lowed expected trends.

1311 measured

Concentrations of
in samples of vegetables and fruit
collected during the first half of
1967 were near or below the analyti-

cal limit of 0.05 pCi/g.
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1311 [N CATTLE THYROIDS

To follow low-level trends in
1314 concentrations in the environs,
beef cattle thyroids are collected
periodically for radioanalysis from
slaughter-houses in Moses Lake, Top-
penish, Walla Walla, Wenatchee, and
Pasco.
1967,
thyroids increased sharply during an
influx of fallout.

During the early part of

1311 concentrations in beef

The maximum con-
centration was 160 pCi/g in a sample
collected on January 6 at Walla
Walla, but 1311 concentrations soon
decreased to values generally near
or below the analytical limit
(Figure 16).

EXTERNAL RADIATION

Measurements of external gamma

radiation exposure rates are made

1000

16

BNWL-665

with ionization chambers positioned
on the Hanford reservation and at
Richland, and submerged at several
locations in the Columbia River.
Measurements taker in air 1 m above
ground indicated the exposure rate
for the first half of 1967 averaged
0.36 mR/day at Hanford (Figure 17)
and 0.25 mR/day at Richland (Figure
18). The average exposure rate at
Richland during 1966 was 0.28 mR/
day (100 mR/year).(l)

all of this exposure is due to

Essentially

natural background and fallout.
Measurements of the external gamma
exposurc rate at Sacajawea Park (near
principal fishing sites) averaged
0.5 mR/day, which is about the same
as that measured during 1966.(1)
Radiation measurements taken in
the Columbia River near Richland
during the first half of 1967 indi-

cated the immersion exposure rate

+ Pasco

O Moses Lake
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FIGURE 186. I in Cattle Thyroids
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averaged about 2 mR/day, principally at Priest Rapids Dam and downstream
from 24Na introduced into the river from Hanford at Richland. The aver-
with reactor cooling water. age concentrations of 34 at both

Priest Rapids Dam and Richland were
RADIONUCLIDES ASSOCIATED WITH FALLOUT 1.5 nCi/liter for the first half of
1967, which is about half of the con-
The fallout nuclides of greatest centrations measured during the first
interest during the first half of 6 months of 1966.(2)
1967 were SH, QOSr, 1311, and 137Cs, Concentrations of 9OSr in locally
During a large influx of fallout available milk are shown in Figure
early in 1967, the 1311 concentra- 19. These values are similar to con-
tion in milk increased to a peak centrations found in commercial milk
value of 83 pCi/liter in a single produced in other areas of low rain-
sample collected on January 3, fall remote from the Hanford plant.
which is the highest concentration sy in locally available milk aver-
from fallout measured at Hanford aged about 4 pCi/liter during the
since October, 1962 (Figure 12). first half of 1967, which is slightly
Concentrations of "H in river water lower than the average of 6 pCi/liter
are measured upstream from Hanford
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during the first 6 months of 1966.(2) generally near or be}gy the analyti-
The concentration of 137¢s in locally cal limit of 30 pCi Cs/liter.

available milk (Figure 20) was

Monthly Average Concentration, pCi/liter
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APPENDIX

The AEC Manual, Chapter 0524, in
specifying dose-equivalent standards,
states that '"the calculation of
organ dose shall be based on methods
recommended by the Federal Radiation
Council and the International Commis-
sion on Radiological Protection."

The significance of bone seekers,
such as 32P and 90Sr, requires
special consideration and treatment
because the rate of intake of 32p
has not been specifically studied by
the Federal Radiation Council
(FRC)(G'g)

equivalent for the bone or bone mar-

in relation to a dose-

row. We note that the FRC, in de-
veloping intake guides for 9OSr and
89Sr, apparently did not believe

that a relative damage factor (n)
should be used to change absorbed
dose (rads) to dose-equivalent (rem).
Use of a computational scheme for
32P like that used by the FRC for
908r leads to a Maximum Permissible
Rate of Intake that is substantially

greater than that recommended by the

International Commission on Radio-
logical Protection (ICRP).(4)

Rather than introduce additional
confusion associated with dose-
equivalents for bone derived by dif-
ferent techniques, we have expressed
the data for bone seekers in terms
of a Maximum Permissible Rate of
Intake (MPRI).

The MPRI is taken as the Maximum
Permissible Concentration (MPC) in
water for a given radionuclide, as
recommended by the ICRP for persons
in the neighborhood of controlled
areas, multiplied by the rate of
water intake as defined for the
standard man.

It is noted that the MPCw, listed
in the AEC Manual, Chapter 0524,
(Annex I, Table II)(g) for the Maxi-
mum Individual is 1/10 of the ICRP(A)
HPCW, for Conti?uous occupational ex-
posure (2 x 10 7 uCi/ml). Thus, an
MPRI derived from either AEC Manual,
Chapter 0524, or ICRP Publication 2

would be the same.
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