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PREFACE

The Environmental Surveillance Program at the Hanford Site in Washington State is conducted by the
Pacific Northwest Laboratory (PNL) under contract to the Department of Energy (DOE). The data
collected by the Environmental Surveillance Program provide an historical record of the levels of
radionuclides and radiation attributable to natural causes, worldwide fallout, and Hanford operations.
The findings of the present program demonstrate the relatively small impact attributable to either
current or past Hanford operations. Where appropriate, the data are compared with applicable
standards for air and water quality set forth by the Department of Energy, the Environmental Protection
Agency (EPA), and the state of Washington. Summaries and interpretations of the data are published
annually; this document is for calendar year 1981. Previous reports in this series for the past ten years
are:

1980 PNL-3728 M. J. Sula and P. J. Blumer (April 1981)
1979  PNL-3283 ). R. Houston and P. ). Blumer (April 1980)
1978 PNL-2932 ). R. Houston and P. J. Blumer (April 1979)
1977 PNL-2614  }. R. Houston and P. ]. Blumer (April 1978)
1976  BNWL-2142 J. ). Fix, P. J. Blumer, G. R. Hoenes, P E Bramson(April 1977)
1975 BNWL-1979 D. R. Speer, J. |. Fix, P. J. Blumer (June 1976)
1974 BNWL-1910 }. J. Fix {April 1975)
1973 BNWL-1811 W. L. Nees and J. P. Corley (April 1974)
1972 BNWL-1727 P. E. Bramson and J. P. Corley (April 1973)
1971 BNWL-1683 P. E. Bramson and J. P. Corley (August 1972)

Two other summary reports are issued by the Hanford Environmental Surveillance Program annually.
These are:

® [nvironmental Status of the Hanford Site (to be issued as PNL-4212 for 1981), and

e Radiological Status of the Groundwater Beneath the Hanford Site (to be issued as PNL-4237 for
1981).

These reports provide summaries of environmental and groundwater monitoring programs conducted
on the Hanford Site.
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SUMMARY

Environmental surveillance activities performed
by the Pacific Northwest Laboratory for the
Department of Energy’s Hanford Site for 1981 are
discussed in this report. Data were collected in
support of the Hanford Environmental Surveil-
lance Program for radioactivity in most envi-
ronmental media including air, river water,
foodstuffs, wildlife, soil, vegetation, and pene-
trating radiation and for nonradioactive pollut-
ants in the Columbia River. The results are
summarized in the following highlights.

e Observed radionuclide concentrations and
radiation dose measurements were in every
case far below all applicable concentration
guides and radiation dose standards.

e There was no distinguishable difference
detected between airborne radionuclide
concentrations in samples collected near to
and far from the Hanford Site.

e A differencein ' concentration in Columbia
River water downstream of the Hanford Site
compared to samples collected upstream of the
site was observed. A slight difference in %5r
concentrations was also observed in 1981 as a
result of relocating the upstream sample
point. Strontium-90 concentrations down-
stream of the Site remained similar to past
years while reduced concentrations were
observed in the upstream samples. In addi-
tion, during 1981, 6°Co and 13!l were observed
more frequently in the downstream river
water samples than in the upstream samples,
but at concentrations too low for differences
between upstream and downstream samples
to be quantified. In all of the above cases,
the downstream radionuclide concentrations
were small in comparison to DOE radio-
nuclide concentration guides and state and
EPA drinking water standards and were
similar to previous years values.

e Low concentrations of radionuclides atrib-
uted to operations at Hanford were observed
in several samples of wildlife collected onsite
near operating areas. However, it was calcu-
lated that if an individual were to consume
the entire edible portions of the specific game
animal at the maximum observed concentra-
tion, the resulting radiation dose would be
well below the applicable dose standard.

® Low concentrations of fallout radionuclides

from worldwide atmospheric nuclear testing
were observed in samples of foodstuffs and in
soil and vegetation samples. There was no
indication of a Hanford contribution to
radionuclide levels in these media.

The highest penetrating dose rates observed
in the Hanford environs were in the imme-
diate vicinities of the 100N and 300 Areas. The
maximum dose rate observed during 1981
along the 100N shoreline was 0.04 mrem/hr,
and the maximum observed near the 300 Area
perimeter fence was 0.08 mrem/hr. Dose
rates at both locations resulted from the pres-
ence, within the operating areas, of contained
radioactive materials. Dose rates at all nor-
mally occupied locations in the offsite envi-
ronment were at normal background levels.

Nonradiological water quality parameters
were all within State Water Quality Standards
for the Hanford Reach of the Columbia River
with the exception of a single pH determina-
tion which was slightly below the standard but
the same at both the upstream and down-
stream measurement locations.

The maximum 50-year whole body dose
commitment to an individual from effluents
released in 1981 was calculated to be 0.4
mrem. This included contributions from air-
borne effluents, drinking water, irrigated
foodstuffs, and aquatic recreation pathways.
The maximum 50-year dose to asingle organ,
considering all pathways was approximately
1.3 mrem to the bone, primarily due to %5r in
the Columbia River observed during 1981.
These doses can be compared with the DOE
dose standards of 500 mrem/yr for the whole
body and 1500 mrem/yr for the bone.

Operations at Hanford during 1981 resulted in
a 50-year whole body dose commitment to
the population residing within an 80-km
radius of the site of about 4 man-rem. (A dose
expressed in “man-rem” is the summation of
all individual doses received within 80-km of
the site.) This dose, primarily due to immer-
sion in short-lived noble gases released at
100N Area, may be compared to the approxi-
mately 34,000 man-rem whole body dose
received each year by the same population
from natural background radiation.
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INTRODUCTION

For the past 39 years, an environmental surveil-
lance program has been conducted for the Han-
ford Site. The results of this program have been
publicly recorded since January of 1948 in quar-
terly reports. Since 1959, the results have been
available in annual reports. This report summar-
izes the data collected for calendar year 1981.
The Hanford Environmental Surveillance Pro-
gram is conducted by PNL, which is operated for
the DOE by Battelle Memorial Institute.

The objectives of the program include:

® assessing dose impacts to the uncontrolled
public from site operations

e verifying in-plant controls for the contain-
ment of radioactive materials within controlled
areas

e monitoring to determine buildup of long-
lived radionuclides in uncontrolled areas

e providing reassurance to the public that the
program is capable of adequately assessing
impacts and identifying noteworthy changes
in the radiological status of the environment.

Environmental surveillance at the Hanford Site
involves numerous measurements of a variety of

environmental media for potential contami-
nants. Samples are collected in accordance with
a master schedule published each year (Blumer,
Sula, and Eddy 1981). Unless stated otherwise,
radionuclide analyses of samples were per-
formed by United States Testing Company, Inc.,
Richland, Washington. Individual sample resuits
or summaries of the individual results are pre-
sented in the following sections of this report.
Since all of the radioactive and nonradioactive
pollutants considered in this report are present
in the environment, either naturally or as a result
of non-Hanford activities such as atmospheric
nuclear weapons testing (fallout radionuclides)
and agricultural activities (nitrates, coliforms,
etc.), measurements made in the vicinity of the
site are compared to background or control
measurements. Any contribution to air or
waterborne radionuclide concentrations or
environmental dose rate rate levels considered
to be attributable to Hanford operations is com-
pared with applicable guides and standards in
DOE Order 5480.1 Chapter X1. Concentrations of
nonradioactive pollutants are compared with
applicable standards of the Washington State
Department of Ecology or the Environmental
Protection Agency.






DESCRIPTION OF

THE HANFORD SITE

The U. S. Department of Energy’s Hanford Site is located in a rural region of southeastern Washington
and occupies an area of 1500 km2. The site, shown in Figure 1, lies about 320 km east of Portland,

Oregon, 270 km southeast of Seattle, Washington,

and 200 km southwest of Spokane, Washington. The

Columbia River flows through the northern edge of the Hanford Site and forms part of its eastern

boundary.

SITE CHARACTERISTICS

The desert plain on which Hanford is located has
a sparse covering of vegetation primarily suited
for grazing. The most broadly distributed type of
vegetation on the site is the sagebrush/cheat-
grass/bluegrass community. The mule deer is
the most abundant big game mammal on thesite
and the most abundant small game animal is the
cottontail rabbit. The raccoon is the most

abundant furbearing animal. The osprey, golden
eagle, and bald eagle are all occasional visitors to
the relatively large areas of uninhabited land
comprising the Hanford Site.

Hanford’s climate is mild and dry; the area
receives approximately 16 cm of precipitation
annually. About 40% of the total precipitation
occurs during November, December, and January
with only 10% falling in July, August, and Sep-
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FIGURE 1. DOF’s Hanford Site in Washington State



tember. The average maximum and mini-
mum temperatures in July are 32°C (92°F) and
16°C (61°F). For January, the respective averages
are 3°C (37°F) and -6°C (22°F). Approximately
45% of all precipitation from December through
February is snow.

Mean monthly wind speeds range from about
14 km/hr in the summer to 10 km/hr in the
winter. The prevailing regional winds are from
the northwest with strong drainage and cross-
winds causing complicated surface flow pat-
terns. The region is a typical desert area with
frequent strong inversions that occur at night
and break during the day, causing unstable and
turbulent conditions.

with the exception of Hanford Site-related
industries, the economy of the region is primar-
ily agricultural. Major crops include apples,
alfalfa, wheat, corn, and potatoes. The Columbia
River is used extensively for recreational pur-
poses including fishing and waterfowl hunting.

The population center nearest to the Hanford
site is the Tri-Cities area (Richland, Pasco, and
Kennewick), situated on the Columbia River
downstream from the site with a combined pop-
ulation of approximately 90,000. Approximately
340,000 people live within an 80-km radius of the
Hanford Site in the Yakima area, the Tri-Cities,
several small communities, and the surrounding
agricultural area. Considerably more detail on
site characteristics and activities is available in
the Final Environmental Statement for Waste
Management Operations at Hanford (ERDA
1975).

MAJOR ACTIVITIES

Established in 1943, the Hanford plant was origi-

nally designed, built, and operated to produce
plutonium for nuclear weapons. At one time,
nine production reactors were in operation,
including eight with once-through cooling by
treated river water. Between December 1964
and January 1971, all eight reactors with once-
through cooling were deactivated. N Reactor,
the remaining production reactor in operation,
has a closed primary cooling loop.

Four major operating areas exist at the Hanford
Site. The ““100 Areas” include facilities for the
N-Production Reactor and the eight deactivated
production reactors along the Columbia River.

The reactor fuel-processing and waste-
management facilities are on a plateau about
11.3 km from the river in the ““200 Areas.” The
300 Area,” just north of the city of Richland,
contains the reactor fuel manufacturing facilities
and research and development laboratories. The
Fast Flux Test Facility (FFTF) is located in the
““400 Area” approximately 8.8 km northwest of
the 300 Area.

Privately owned facilities located within the
Hanford Site boundaries include the Washington
Public Power Supply System generating station
adjacent to N Reactor, the Washington Public
Power Supply System power reactor site and
office buildings (under construction), a hazard-
ous waste disposal site, and a radioactive waste
burial site. The Exxon fuel fabrication facility is
located immediately adjacent to the southern
boundary of the Hanford Site.

Principal DOE Contractors operating at Hanford
are:

Rockwell Hanford Operations—responsible for
fuel processing, waste management, and all site
support services such as plant security, fire pro-
tection, central stores, electrical power distribu-
tion, etc.

Battelle Memorial Institute—responsible for
operating the Department of Energy’s Pacific
Northwest Laboratory (PNL). This includes
research in the physical, life and environmental
sciences, environmental surveillance, and
advanced methods of nuclear waste management.

UNC Nuclear Industries (UNC)—responsible for
fabricating fuel and operating N Reactor.

Westinghouse Hanford Company (WHC)—
responsible for operating the Hanford Engineer-
ing Development Laboratory (HEDL), including
advanced reactor developments, principally the
Liquid Metal Fast Breeder Reactor Program and
FFTF.

Highlights of operational activities at Hanford
during 1981 were:

e N Reactor operated for 103 days during
which time it supplied steam used by the
Washington Public Power System to gener-
ate 870 MW of electrical power. Since its start-
up, N Reactor has supplied steam for the
production of nearly 50 billion kilowatt-
hours of electric power, which has been



supplied to the Bonneville Power Adminis-
tration grid covering the Pacific Northwest.

The FFTF underwent an eight-day full-power
run in late November during which a series
of radiation tests were successfully per-
formed in preparation for regular operation
to begin in April 1982.

A steam generator, removed from the Surry
Nuclear Generating Station transported onsite
during 1980, was moved to a permanent
housing facility in the 300 Area in late
December. The generator will be the subject
of a five-year research effort.

e Baghouses were installed on the coal-fired
steam plants in the 200 Areas and initial per-
formance testing was begun.

® Asolid coverwasinstalled over the N Reactor
trench to deter wildlife entry.

Work at Hanford during 1981 also included Han-
ford National Environmental Research Park (NERP)
studies, Arid Land Ecology (ALE) Studies, and
Basalt Waste [solation Program (BWIP) activities,
as well as continued operation of a variety of
national research and laboratory facilities.






ATMOSPHERIC MONITORING

Radioactivity in air is sampled continuously by a network of 19 perimeter and five distant air samplers
located as shown in Figure 2. The site perimeter sample locations provide a general 360° coverage for
the Site with emphasis in the primary downwind directions to the south and east. Other locations
include the nearby communities of Benton City, Richland, Pasco, Connell, and Othello. Background
air concentration data are provided by samplers located in the more distant communities of Sunnyside,

Moses Lake, Washtucna, Walla Walla, and McNary.

Airborne radionuclide concentrations during early 1981 continued an increasing trend that began
during late 1980 following a foreign atmospheric nuclear test (Sula and Blumer 1981). Maximum air
concentrations were observed at all locations in May and June, after which a downward trend began.
By the end of 1981, airborne radionuclide concentrations at all sampling locations were similar to pre-
test levels. During 1981, airborne radionuclide concentrations remained similar between the perimeter
samples and the distant locations, verifying that the observed radionuclides were not of Site origin.

a & BACKGROUND AIR 1
MOSES (AKE SAMPLING LOCATION

® PERIMETER AIR
SAMP LING LOCATION

COLUMBIA RIVER

HANFORD OTHELLO
BOUNDARY e

AHLUKE #2¢ _:"“"“-.__1. BERG RANCH
- ® WAHLUKE o CONNELL

YAKIMA RIVER
WASHTUCNA &

VERNITAN .7
BRIDGE L8

' u
VAKIMA  —ore prosser \ @ COOKE BROTHERS

BARRICADE | BARRICADE

RATTLESNAKE[' ALl e

SPRINGS  BENTON ™ -
CITY “xe

~-y ®#BYERS LANDING
PASCO
.

SUNNYSIDE

MILES
1 b iyl
——

16 xr
KILOMETERS

FIGURE 2. Air Sampling Locations

SAMPLE COLLECTION AND ANALYSIS

Airissampled at various locations for particulate
radioactivity, radioiodine, and tritium. Particu-
late airborne radionuclides are sampled by
drawing air at a flow rate of 2.6 m3/hr through a
5-cm diameter high-efficiency particulate fil-
ter.(a) Radioiodines are collected on a 4.4-cm
diameter by 5.5-cm deep bed of KI and TEDA
impregnated charcoal.(b) Samplers located at

(a) Model LB 5211, manufactured by Hollingsworth
and Vose. Measured efficiencies exceed 99% for
DOP (dioctyl-pthalate) particles.

{b)Manufactured by Nuclear Consulting Services,
Inc. Retention efficiencies are 99% for both
elemental and methyl-iodide.

the Fir Road, Richland, and Benton City loca-
tions also contain a tritium collection unit.

The particulate filters are collected biweekly and
analyzed for gross beta and, in some cases, for
gross alpha radioactivity after a seven-day hold-
ing period during which the naturally occurring
radon and thoron daughters collected by the
filter decay. The filters are combined monthly by
geographical location and analyzed as a compo-
site for gamma-emitting radionuclides, primarily
137Cs. On a quarterly basis, the filters in each
geographical group are combined and analyzed
for 9Sr and plutonium. All analyses are per-
formed by U.S. Testing Company Inc. (UST),
using methods summarized in Appendix C.

Charcoal cartridges from several of the sampling
locations are exchanged on a biweekly fre-
quency and analyzed for ¥'l. The remaining car-
tridges are exchanged monthly to maintain fresh
adsorption media, but are analyzed only if 31 is
identified in one of the routinely analyzed
samples.

The tritium collection unit consists of two car-
tridges containing silica gel through which a
stream of air is passed at a flow rate of 0.03 m3/hr.
The first silica gel cartridge removes tritium in
the form of water vapor (HTO). A catalytic oxi-
dizer located downstream of the first silica gel
cartridge then converts gaseous hydrogen and
hydrocarbons in the air to water vapor that is
collected by the second silica gel cartridge. Air-
borne tritium results are thus reported as *H
(HTO) and 3H (HT).



The silica gel cartridges are replaced every two
weeks. Moisture is removed from the silica gel
by heating and then condensing the trapped
water. The water is collected and analyzed for
tritium by UST, using liquid-scintillation count-
ing methods.

DISCUSSION OF RESULTS

Results of particulate gross-beta and gross-alpha
emitter concentrations are shown in Table 1.
Gross-beta emitter concentrations were similar
at all sampling locations, averaging 0.14 £ 0.01
pCi/m3 for perimeter stations and 0.13 % 0.02
pCi/m3 for distant locations. Thus, any contribu-
tion to general airborne particulate radioactivity
as a result of Hanford operations could not be
distinguished from worldwide fallout and natu-
rally occurring radioactivity.

General airborne particulate radioactivity levels
in the Hanford environs were greater in 1981
than in recent years as the result of a foreign
atmospheric nuclear test conducted during the
latter part of 1980 (Sula and Blumer 1981). Figure 3
shows the monthly averaged gross-beta particu-
late air concentrations for both perimeter and
distant locations during the past five years. An
increase in general background levels was
observed almost immediately following the
October 1980 detonation, with maximum con-
centrations observed in samples collected dur-
ing the spring and summer of 1981. By the end of
1981, airborne concentrations had returned to
pretest levels. As will be discussed in subsequent
chapters of this report, increased radionuclide
concentrations were observed in river water,
vegetation, and several foodstuffs as a result of
fallout from the nuclear test.

Shown in Table 2are the results of specific analy-
sis for radionuclides of potential Hanford origin.
All of the radionuclides were observed at similar
concentrations in downwind, distant, and perim-

eter locations indicating that observed concen-
trations were attributable to a nonlocal source,
i.e., worldwide fallout. Maximum concentra-
tions were observed in the summer months dur-
ing the height of observed fallout activity. By the
end of 1981, the shorter-lived radionuclides
(3%ZrNb, #4CePr) were no longer detectable in
the samples, and concentrations of the long-
lived radionuclides had returned to levels
observed just before the foreign nuclear test.
lodine-131 was not observed in any air samples
collected during 1981.

NONRADIOLOGICAL AIR MONITORING

Nonradiological pollutants in routine gaseous
emissions from chemical processes and fossil-
fueled power plants at Hanford consist primarily
of particulates, sulfur dioxide (SO3), and oxides
of nitrogen (NO,). The particulate emissions
from two coal-fired power plants in the 200
Areas are the only emissions exceeding the
applicable national or state standards (Appendix
A) in recent years. During 1981, baghouses were
installed at the two coal-fired power plants to
reduce particulate emissions, and initial limited
testing has indicated that current emissions are
in compliance with the applicable standards.
Emissions testing, which is being performed by
the Hanford Environmental Health Foundation
(HEHF), will be completed during 1982.

Operation of the ambient nitrogen dioxide
(NQ2) sampling network, maintained by HEHF,
was suspended during 1981 following the
accumulation of sufficient data prior to the re-
start of PUREX programs at Hanford. Data col-
lected by the network during 1980 indicated a
maximum observed annual average NO: con-
centration of less than 0.007 parts per million
{(ppm) as compared to the 0.05 ppm national
ambient air standard (40 CFR 50, 1973). Opera-
tion of the network will resume again prior to
the resumption of PUREX operations.
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FIGURE 3. Monthly Averaged Gross-Beta Particulate Air Concentrations
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TABLE 2. Selected Airborne Radionuclide Concentrations in the Hanford Environs

Concentration, pCi/m? (10712 uCi/mly(@)

Concentration Composite No. of  No Results
Radionuclide  Guide (pCi/m?3) Group() Analyses >DL Maximum Minimum Average
3H (HTO) 200,000 Distant - — —_ — —_
Perimeter 76 67 25 £ 06 <DL 074 + 027
Downwind Perimeter 51 46 25 + 06 <DL 0.74 £ 027
3H (HT) 200,000 Distant —_ —_— — —_ —_
Perimeter 53 44 21 * 08 <DL 0.68 £ 0.25
Downwind Perimeter 27 23 21 £ 08 <DL 0.68 £ 0.25
%0Sr 30 Distant 12 1 0.002 £ 0.0006 <DL 0.0009 * 0.0005
Perimeter 16 16 0.002 + 0.0002 0.002+0.00004 0.0009 = 0.0004
Downwind Perimeter 4 4 0.002 + 0.0002 0.002 £ 0.00004 0.0008 L 0.0009
95ZrNb 1,000 Distant 35 27 0.15 * 0.004 <DL 0.057 = 0.019
Perimeter 48 36 0.16 £ 0.003 <DL 0.056 * 0.016
Downwind Perimeter 12 9 0.13 = 0.002 <DL 0.052 = 0.026
3y 100 Distant 27 0 <DL <DL 0.002 = 0.002
Perimeter 128 0 <DL <DL 0.002 + 0.003
Downwind Perimeter 103 0 <DL <DL 0.002 = 0.002
WCs 500 Distant 36 22 0.03 £ 0.003 <DL 0.004 + 0.002
Perimeter 48 30 0.02 + 0.0008 <DL 0.004 * 0.004
Downwind Perimeter 12 8 0.02 £ 0.0008 <DL 0.004 + 0.003
44CePr 200 Distant 36 23 051 = 0.04 <DL 0.053 + 0.028
Perimeter 48 30 0.13 = 0.01 <DL 0.045 + 0.013
Downwind Perimeter 12 8 0.11 £ 0.009 <DL 0.041 = 0.018
239 1240py 0.06 Distant 12 8 0.0001 £ 0.00007 <DL 0.00005 =+ 0.00003
Perimeter 16 12 0.00006 =+ 0.00001 <DL 0.00002 * 0.000009
Downwind Perimeter 4 3 0.00003 *+ 0.000007 <DL 0.00002 * 0.00001

>DL = Greater than the detection level, i.e., analysis of the sample yielded a positive identification.

<DL = Less than the detection level; radionuclide not identified in sample.

(a)Maximum and minimum concentrations include the * two-sigma counting error. Averages include the two-standard error term (95%

confidence interval).

(b)Distant stations include Moses Lake, Washtucna, Walla Walla, McNary, and Sunnyside.
Downwind Perimeter Stations include Fir Road, Byers Landing, Pasco, Richland, Pettett, 1100 Area, and RRC #64.
Perimeter Stations include the downwind perimeter locations above, plus Wahiuke #2, Berg Ranch, Othelio, Vernita, Wahluke Water-
master, Connell, Cooke, Yakima Barricade, Rattlesnake Springs, ALE, Benton City, and Prosser Barricade.

No result indicates no analysis performed.
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COLUMBIA RIVER MONITORING—RADIOLOGICAL

The Columbia River, which runs through the northern part of the Hanford Site and forms the Site’s east
boundary, provides a means for the offsite transport of Site-generated radionuclides discharged via
liquid effluents. In the early years of Hanford operations, substantial quantities of radioactivity—
thousands of curies per day, largely short-lived radionuclides— were released to the river from the
production reactors located along the shoreline. However, following the shutdown of the old produc-
tion reactors by 1972, and with the current effluent control systems at the only remaining production
reactor, N Reactor, radionuclide concentrations in the river water have decreased to extremely low
levels.

since the Columbia River is used for drinking water and crop irrigation, as well as fishing, hunting, and
other recreational activities, it continues to be closely monitored for radionuclides of potential Site
origin. The levels of radionuclides in the river water attributable to Hanford activities, past or present,
are determined by comparing radionuclide concentrations in samples collected both upstream and
downstream of the Site.

samples collected ruing 1981 show that the impact of Hanford on radionuclide levels in the Columbia
River is very small. Although higher concentrations were observed at the downstream sampling
location for two Hanford-produced radionuclides, the concentrations themselves were slight and well
below applicable DOE Concentration Guides.

SAMPLE COLLECTION AND ANALYSIS

UPSTREAM SAMPLER .r"rr

Samples of Columbia River water were collected r"'“‘u\
throughout 1981 at locations upstream and LOCAT:;J/H }

downstream of Site discharge points. Two types log
of samplers were used: a conventional

cumulative-type sampler that intermittently col- !
lected a measured volume of river water in a
large container, and a specially designed large-
volume sampler that continuously collected
waterborne radionuclides from the river on a
series of filtration and ion exchange media. The

sampling locations are shown in Figure 4. g
] SUNNYS | DE

J”- ————— S

DOWNSTREAM LARGE VOLUME
oy SAMPLER LOCATION

DOWNSTREAM CUMMULATIVE
SAMPLER LOCATION

The cumulative sampler consists of a timer-
activated solenoid valve that intermittently
diverts a continuous sampie stream of Columbia
River water into a large container. Approxi- }-—A&% KENNEWICK
mately 30 m£ of water are diverted into the con- KILOMETERS

tainer every 30 minutes so that by the end of the
monthly sampling period about 45 liters have
been accumulated. The cumulative sampler is
used to collect river water samples for tritium,
89Sr, 99Sr, and uranium determination. Analyses
are performed using procedures described in

PASCO

BENTON CITY

FIGURE 4. Columbia River Sampling Locations

of 50 mf/min. Particulates greater than 0.45 um
in diameter are removed from the sample stream

Appendix C. by a series of filters and dissolved radionuclides
The large-volume sampler has been described are accumulated in an ion exchange resin
by Fix and Robertson (1976). River water is con- column. The filtration media are exchanged at
tinuously pumped through the sampler at a rate two-week intervals during which time approxi-
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mately 1000 liters of river water have been
pumped through the sampler. Samples are ana-
lyzed for gamma-emitting radionuclides, 2,
and plutonium. Analyses are performed by PNL
as described in Appendix C.

DISCUSSION OF RESULTS

Results of the analysis of Columbia River water
samples for 1981 are summarized in Tables 3and
4. For samples collected using the large-volume
sampler, results are provided for both the par-
ticulate and dissolved components. The data
show that in every case downstream radio-
nuclide concentrations were well below the
applicable DOE Concentration Guide.

Radionuclides consistently observed (i.e., in
greater than 75% of the samples) both upstream
and downstream of the Site were 3H, %Sr, %Zr,
95Nb, 1291, 137Cs, U, and 2%24Pu. These radio-
nuclides are either naturally occurring (3H, U) or
are present in worldwide fallout resulting from
atmospheric nuclear tests and all are potentially
associated with nuclear operations at Hanford.
Of these radionuclides, concentrations were
perceptibly higher only for 9Sr and 21 at the
downstream location.

The Hanford contribution to 121 in the river is
attributed to seepage of ground water from the
unconfined aquifer underlying the Site into
which process cooling water and low-level
liquid wastes have been discharged at the 200
Areas. Figure 5 provides a comparison of 2
upstream and downstream of the Site during the
past five years and shows the effect of river flow
rate on the observed downstream levels. As
shown in the figure, the differences in concen-
tration between the upstream and downstream
locations during 1981 were similar to previous
years. The dose impact due to the netincrease in
129 in the river water (3.9 x 10-5 pCi/}) is negligi-
ble as discussed in the “Radiological Impact of
Hanford Operations” section. Since tritium is
also present in the Hanford aquifer, there is also
some seepage of tritium into the river; however,
even though the tritium detection capabilities
were improved during 1981, any contribution to
the river was too small to be accurately mea-
sured in the presence of the relatively high
background concentration of tritium in the
Columbia River.

14

There appeared to be a slight difference (0.09
pCi/l) in %Sr concentrations downstream as
compared to upstream samples during 1981. In
fact, the downstream concentrations remained
similar to previous years and the difference was
the result of lower concentrations observed
upstream. The upstream sample location was
moved from the 100-B Area water intake to the
Priest Rapids Dam at the beginning of 1981 (Fig-
ure 4) to avoid the possibility of residual radio-
nuclides from past activities at B-Area affecting
the upstream sample results. Whether the
observed reduction in upstream concentration
was the result of the sample location change, or
was the result of biases introduced during sam-
ple handling and analysis, has not been posi-
tively determined. An investigation into the
possible causes for the lower upstream concen-
trations and the potential implications of the
apparent difference with respect to historical
datais underway and will be reported in the next
annual report. For the purposes of assessing the
dose impact from Hanford operations (see
“Radiological Impact of Hanford Operations”
section) dose commitments were calculated
using the observed %Sr difference. Hanford
sources for %Sr are the liquid effluents from N
Reactor (1.8 Ci during 1981) and possibly the
relatively stagnant ground-water plumes in the
retired production areas along the river.

Other radionuclides included in the tables were
observed only occasionally in river water sam-
ples,and as a result, averaged annual concentra-
tions could not be determined with any degree
of certainty. Where it was possible, mean values
are reported but are enclosed within brackets to
denote the high degree of uncertainty asso-
ciated with the result. Of these radionuclides,
80Co and 13!l were observed more frequently in
the downstream than in the upstream samples
suggesting a possible contribution from Han-
ford. Hanford sources of ©Co are current efflu-
ents from N Reactor (0.6 Ci during 1981) and
resuspension of 8Co deposited in the riverbed
during past operations of the single-pass pro-
duction reactors. Neither source is significant in
consideration of the dispersion provided by the
river. Downstream $Co concentrations were
similar to those observed in previous years and
were well below the applicable DOE Concentra-
tion Guide.



lodine-131 was observed at very low concentra-
tions in a few downstream samples. Concentra-
tions were similar to that observed in previous
years, and were in every case only a small frac-
tion of the applicable DOE Concentration
Guide.(d)

N Reactor is the only likely source of 3l and the
positive identifications coincided with extended
periods of N Reactor operation. (N Reactor
reported 2.4 Ci of 13 discharged to the river
during 1981).

Because of the infrequent observation of 13!l and
8Co in the river water, dose impacts in the
“Radiological Impact of Hanford Operations”
section were calculated based on 1981 releases
from N Reactor.

(a) Data collected using the large-volume sampler has
been summarized in previous reports by combining
the particulate and dissolved fractions. In this report
(Tables 3and 4), the particulate and dissolved fractions
are reported separately. Although correct in a statisti-
cal sense, the former method is less sensitive in distin-
guishing small differences between sampling locations.
A review of historical datashowed current ¥'l concen-
trations to be similar to particulate and dissolved con-
centrations observed in previous years.

15

In addition to the radionuclides presented in
Tables 3 and 4, river water samples were ana-
lyzed for a number of additional radionuclides
of potential Hanford origin; however, none of
the other radionuclides were positively identi-
fied in any sample.

To determine compliance with the Washington
State Public Water Supply Standards (1977),cumu-
lative water samples collected at the Richland
Sanitary Water treatment plant were analyzed
for gross alpha and gross beta radioactivity.

Washington state water quality standards require
that radionuclide concentrations in drinking
water not exceed 15 pCi/t of gross alpha activity
and that the average annual concentration of
beta particle and photon radioactivity from
man-made radionuclides not produce an annual
dose equivalent to the total body or to any inter-
nal organ greater than 4 mrem/yr.

Compliance with the 4 mrem/yr dose limitation
is assured if the average annual concentration
for gross beta activity, tritium, and strontium-90
is less than 50 pCi/t, 20,000 pCi/f and 8 pCi/t,
respectively. Compliance with the state standard
is demonstrated by comparing the above con-
centration limits with the applicable 1981 sam-
pling data in Tables 4 and 5.



TABLE 3. Radionuclide Concentrations in Columbia River Water Upstream from Hanford Operations

Concentration, pCi/f (10 uCi/mi)(@)

No. of No. Results Minimum Maximum
Radionuclide(®) Analyses >DL Result(c) Result Average(d)
3H (Tritium) 12 12 77 + 22 240+ 20 170 + 30
Co Particulate 26 4 (0.005) 0.013 = 0.005 —
Dissolved 26 5 (011 0.11 = 0.02 -
895y 5 1 (0.09) 0.17 £ 0.06 -
90Sr 5 5 0.11 £ 0.05 0.18 £ 0.14 0.14 = 0.04
%57r Particulate 26 19 (0.003) 0.056 + 0.014 (<0.020 £ 0.007)
Dissolved 26 17 (0.007) 0.088 = 0.040 (<0.030 = 0.010)
ssNb Particulate 26 25 (0.001) 0.13 £ 0.01 0.037 £ 0.014
Dissolved 25 21 (0.003) 0.11+ 0.04 0.035 = 0.011
Ry Particulate 2 2 (0.033) 0.057 £ 0.030 -
Dissolved 26 6 (0.075) 0.23 £ 0.16 (<0.079)
129 Dissolved 12 12 3.4x 106 1.1x10-3 6.5x 106
+6.8x 107 +2.2x 106 +1.1x10-%
- Particulate 7 0 (0.007) <DL -
Dissolved 17 0 (0.017) <DL -
wCs Particulate 26 19 {0.004) 0.042 + 0.005 (<0.012 £ 0.005)
Dissolved 26 13 (0.004) 0.10 £+ 0.01 (<0.024 £ 0.011)
1CePr Particulate 26 2 (0.007) 0.024 £ 0.012 -
Dissolved 26 1 (0.026) 0.021 £ 0.015 -
Uranium 10 10 0.19 + 0.07 0.54 +0.19 0.41 £0.08
238 Particulate 4 0 (3x10°§) <DL -
Pu .
Dissolved 4 0 {4 x 10-%) <DL -
Particulate 4 4 2.0x 103 6.6 x 10°5 3.5x 105
239 ,240py, +6.2x 106 +6.0 x 10-¢ +21x 103
Dissolved 4 4 9.0x 1073 3.4x 104 1.8 x 104
+6.0x 10-5 +1.0x 104 *+1.1x 104

>DL = Greater than the detection level, i.e., analysis of the sample yielded a positive identification.
<DL = Less than the detection level; radionuclide not identified in sample.
{a)Maximum and minimum results include + two sigma counting error. Averages include the two-standard error term (95%

confidence interval).
(b)Radionuclides measured using the large-volume sampler show the particulate and dissolved fractions separately. Other

radionuclides are based on samples collected by the cumulative sampler (see text).
(c)tf minimum result was <DL, the average minimum detectable concentration is shown within parenthesis.

{d)If fewer than 75% of the results were >DL, the average was enclosed in parenthesis except that if fewer than 25% of the results
were >DL, no average was calculated.
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TABLE 4. Radionuclide Concentrations in Columbia River Water Downstream from Hanford Operations

Concentration, pCi/ (102 uCi/mg)t@)

No. of No. Results Minimum Maximum Concentration
Radionuclide(b) Analyses >DL Result(c) Result Averageld) Guide(®)
3H (Tritium) 12 12 120 £ 20 280 = 10 200 + 30 3,000,000
0Co Particulate 26 17 (0.004) 0.020 = 0.006 (<0.008) 30,000
Dissolved 26 14 (0.011) 0.040 = 0.013 (<0.018) 50,000
89S 5 1 (0.09) 0.13 +0.09 (0.09 £ 0.10)
0S¢ 5 5 0.16 £ 0.14 0.28 + 0.06 0.23 £+ 0.05 300
%57¢ Particulate 26 20 (0.004) 0.068 = 0.013 (<0.020 % 0.0004) 60,000
Dissolved 26 19 (0.001) 0.043 + 0.020 (<0.021 =+ 0.005) 60,000
sNb Particulate 25 25 0.002 = 0.002 0.11 £ 0.01 0.031 £ 0.010 100,000
Dissolved 26 25 (0.003) 0.07 =+ 0.02 0.029 £ 0.008 100,000
106R Y Particulate 26 2 (0.028) 0.025 + 0.024 - 10,000
Dissolved 26 7 (0.066) 0.010 = 0.06 (<0.066) 10,000
129] Dissolved 12 12 8.8x10-6 1.3x 10 4.5x 10-5 60
+26x10-¢ +1.8x 105 +2.2x 105
| Particulate 22 2 (0.006) 0.011 £ 0.006 — 60,000
Dissolved 16 5 (0.015) 0.064 = 0.010 (<0.023) 300
wCs Particulate 26 20 (0.004) 0.042 = 0.006 (<0.011 & 0.004) 40,000
Dissolved 26 13 (0.004) 0.12+ 0.01 (<0.027 £ 0.014) 20,000
14CePr Particulate 26 5 (0.009) 0.016 £ 0.010 —_ 10,000
Dissolved 26 1 {0.021) 0.016 £ 0.015 — 10,000
Uranium 12 12 0.26 £ 0.09 0.54 + 0.19 0.42 + 0.07 20,000
28py Particulate 4 0 (4x10°5) <DL - 30,000
Dissolved 4 0 (2x 10-9) <DL - 5,000
Particulate 4 4 2.5x10"5 8.0x 105 5.4x 10-3 30,000
239,240p) +4.0x 10-6 +8.0x 10-¢ 1+2.3x 105
Dissolved 4 4 6.4 x 10-5 1.5x 104 1.1x 104 5,000
+4.0x 10-5 +8.0x 10-3 +4.7 x 10-%

>DL = Greater than the detection level, i.e., analysis of the sample yielded a positive identification.

<DL = Less than the detection level; radionuclide not identified in sample.

{a)Maximum and minimum results include = two sigma counting error. Averages include the two-standard error term (95%
confidence interval).

(b)Radionuclides measured using the large-volume sampler show the particulate and dissolved fractions separately. Other
radionuclides are based on samples collected by the cumulative sampler (see text).

(c)!f minimum result was <DL, the average minimum detectable concentration is shown within parenthe5|s

(d)If fewer than 75% of the results were >DL, the average was enclosed in parenthesis except that if fewer than 25% of the results
were >DL, no average was calculated.

(e)From DOE Order 5480.1 (see Appendix A).
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FIGURE 5. lodine-129 in Columbia River Water, 1977-1981
TABLE 5. Radiological Analyses of Richland Drinking Water
Concentration, pCi/f (1072 uCi/mi)
No. of No. of
Measurement Samples Result >DL Maximum Minimum Average(a) State Standard
Gross Alpha 46 19 51+1.2 <DL (0.67 +0.30) 15
Gross Beta 46 8 13£5 <DL (5.2) 50

{a)Fewer than 75% of the Gross Alpha results were above detection level. Fewer than 25% of the Gross Beta results
were above detection level.

18




COLUMBIA RIVER MONITORING—NONRADIOLOGICAL

The Columbia River from Grand Coulee Dam to the Washington-Oregon border, a stretch that
includes the Hanford reach, has been designated Class A, or Excellent, by the Washington State
Department of Ecology. This designation requires that industrial uses of the river be compatible with all
other uses of the water, including drinking water, recreation, and wildlife, as indicated in Appendix A.

Wastewater from Hanford activities is discharged at eight points along the Hanford reach of the
Columbia River. These discharges consist of backwash water from water intake screens, cooling water,
water storage tank overflow, and fish laboratory wastewater and each discharge pointis identified in an
existing National Pollutant Discharge Elimination System (NPDES) permit issued by the EPA. Effluents
from each of these outfalls are routinely monitored as required by their NPDES permit and reported to
the EPA.

Measurements of several Columbia River water quality parameters were conducted routinely during
1981 both upstream and downstream of the Hanford Site to monitor any effects on the river that may be
attributable to Hanford discharges and to determine compliance with the Class A designation
requirements. The measurements indicated that Hanford operations had a minimal, if any, impact on
the quality of the Columbia River water.

SAMPLE COLLECTION AND ANALYSIS rate of the Columbia River. N Reactor, the only
Hanford facility capable of affecting the river
temperature, operated only intermittently dur-
ing 1981. No definite relationship between

Grab samples of Columbia River water were col-
lected weekly at the Vernita Bridge (upstream of
Hanford) and at Richland (downstream). Turbid-
ity and pH determinations were made in the
field and the samples then delivered to the Han-
ford Environmental Health Foundation (HEHF)
laboratory for additional water quality parame-
ter analyses.

-]

cws—aee  RICHLAND
— —~— VERNITA BRIDGE

Columbia River water quality measurements
were also performed by the United States Geo-
logical Survey (USGS) as part of their national
river water quality monitoring program. The
USGS samples were collected every other month
at the same upstream and downstream locations.
Analyses were performed at the USGS labora-
tory in Denver, Colorado for numerous physical,
biological, and chemical constituents. The USGS
was also contracted to provide continuous
temperature and flow-rate monitoring of the
river upstream and downstream of the Site.

AVERAGE MONTHLY TEMPERATURE, °C

DISCUSSION OF RESULTS i

One of the most likely parameters of the

Columbia River to be affected by Hanford oper- R T T T TR T R T
ations is water temperature. Figure 6 illustrates TUTF oM oA M 0 0 A s 0 N D
the average monthly temperatures upstream i

and downstream of the Hanford Site during FIGURE 6. Average Monthiy Water Temperature
1981. Figure 7 shows the average monthly flow at Richland and Vernita
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FIGURE 7. Average Monthly Columbia River Flow

Rate at Priest Rapids

upstream and downstream temperatures, flow
rate, and the time when N Reactor was operating
is apparent, indicating that any contribution of
heat from N Reactor effluents is, at best, asmall
fraction of the minor heat increases observed.
Insolation, therefore, appears to be the major
cause of water temperature increase along the
Hanford reach.
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Table 6 summarizes the results of analyses con-
ducted on water samples collected at Vernita
and Richland during 1981. All pH measurements
were within the 6.5 to 8.5 standard with the
exception of a single determination in which
both the upstream and downstream pH was 6.0.
All dissolved oxygen results were above the 8-
mg/? minimum specified by the state. Nitrate
concentrations at both locations were far below
the 45-mg/l standard throughout 1981. No sig-
nificant difference was noted in the upstream
versus downstream turbidity measurements;
hence, the values observed during 1981 are
assumed to represent normal background and
do not exceed the state standard. While the total
and fecal coliform levels were below applicable
levels, the results observed during 1981 indicate
an increase in the downstream samples. This
increase has been noted consistently in past
years and is attributed to agricultural drainage
and wildlife. Several outfalls of return irrigation
water enter the Columbia River along the Han-
ford reach. The Hanford stretch also serves as a
refuge for large populations of waterfowl, espe-
cially in the fall and winter.

Results of the USGS analyses also indicate no
discernible impact on the quality of Columbia
River water as a result of Hanford activities.
Where analyses duplicate those performed
onsite, the results are generally comparable and
provide additional verification of Hanford com-
pliance with the State’s Class A water quality
standards.



GROUND WATER

Since 1943, large volumes of process cooling water and low-level radioactive liquid wastes have been
released to the ground via cribs, trenches, and ponds. Liquid wastes discharged to the ground
percolate downward and laterally and eventually enter the unconfined aquifer underlying the Hanford
Site. As the radionuclides and other contaminants move in the ground water their concentrations are
reduced by ion exchange, diffusion, radioactive decay, and hydrodynamic dispersion.

The contaminants in the Hanford ground water are monitored at a large number of locations on the
site, and the results of the monitoring program are provided in an annual report Radiological Status of
the Ground Water Beneath the Hanford Site. Results of ground-water monitoring for 1981 (Eddy, Cline,
and Prater, 1982) show that water discharged to the ground in the 200 Areas has gradually migrated to
the Columbia River and that trace quantities of tritium and 2] from past releases in the 200 Areas are
entering the river. The overall effect of the ground-water contribution to radioactivity in the Columbia
River is small as discussed in the Columbia River sections of this report.

Contaminants in the ground water are sampled southeast direction from the 200 Areas. Although
from wells, and analytical results of the samples the ground water has reached the Columbia
provide information concerning the distribution River, except for trace quantities of 121, any
and movement of radionuclides and other con- changes in radionuclide concentrations in the
taminants in the ground water. Figure 8 shows Columbia River attributable to this source have
the locations of the ground-water sampling been undetectable.

wells and provides tritium concentration iso-

figure h 5 mall nd-
pleths calculated based on resuits of samples The figure also shows several small grou

collected during 1981 (Eddy, Cline, and Prater water mounds associated with past operational

1982). In addition to tritium, data are also col- activities at the old production reactor sites and
lected for 16Ry. %S, 129] U, NOs. F. and Cré past and current activities at N Reactor. Radio-
E ’ 2 2 ) J’ .

nuclides observed in the Columbia River poten-
Samples are analyzed by the USGS, UST and PNL. tially attributable to these sources are 13! and 95r

As shown in Figure 8 the contaminated Hanford as discussed inthe “Columbia River Monitoring—
ground water has migrated slowly in an east to Radioiogical” section of this report.
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FOODSTUFFS

Several types of foodstuffs, including milk, beef, fruit, and leafy vegetables were collected from
strategic locations in the Hanford Site’s environs during 1981. The samples were analyzed for *Sr, 137Cs,
and 1 (milk only). These radionuclides are used for assessing dose impact from Hanford operations
and also serve as sensitive indicators of the presence of any Hanford-generated radioactive material in
the environment. Samples of foodstuffs were collected primarily from locations in a generally down-
wind direction from the Site, i.e., to the south and east. Control (background) samples were also
collected from a generally upwind location to provide an indication of the radionuclide concentrations
attributable to worldwide fallout.

Samples collected during 1981 indicated there was no apparent contribution to radioactivity in locally
produced foodstuffs as a result of Hanford Site operations. Strontium-90 and Cesium-137 were found
to be present in most of the samples; however, the observed concentrations were at worldwide fallout
levels and thus were not attributed to Hanford operations. lodine-131, which had been observed in
local milk samples collected during 1980 shortly after a foreign atmospheric nuclear test, was not
detected in any of the 150 milk samples collected during 1981.

MILK observed in several of the samples collected
from locations both upwind and downwind of
the Site at concentrations normally expected as a
result of worldwide fallout. Cesium-137 was
undetectable in all but two of the samples ana-
lyzed. The two positive identifications were at
extremely low concentrations, near the detec-
tion level, and were attributed to the statistical
nature of the analytical process.

Although radionuclides of Hanford origin have
not been identified in samples of locally pro-
duced milk in recent years, dose-impact assess-
ment models based on reported effluents from
site operations and assumed environmental dis-
persion/concentration parameters have indi-
cated that the irrigation/deposition—
grass—cow—milk pathway represents a primary
potential offsite dose pathway (Sula and Blumer
1981). Even though the calculated doses are
extremely low by applicable standards, sampling
of this pathway is nevertheless routinely per- .
formed to monitor the current radionuclide levels pad 1\
in local milk and to detect any contributions e 'L
attributable to Site operations. P.f | ‘e

1

|

]

Samples of raw, whole milk were collected on a Y
two-week frequency at several farms in a gener- i

ally downwind direction of the Site (Locations 1 g

through 5, Figure 9) as well as from a farm some- |

what distant and upwind of the Site (Location 6). M Y
Ali samples were analyzed for W1 and %7Cs. T 5
Strontium-89 and Strontium-90 analyses were L s \ \shcemoos
also performed on either a monthly or quarterly st
basis as indicated in Table 7. Analysis of all sam- .
ples was performed using methods described in - sENTon car

Appendix C. LLLES__%“ KENNEWICK
[ 6
As shown in Table 7, there was no indication of KILOMETERS

the presence of 'l in milk samples collected

during 1981. Strontium-89 and strontium-90 were FIGURE 9. Foodstuffs Sampling Locations (Refer-
enced in Tables 7 and 8)

Je
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TABLE 7. Radionuclides in Milk Samples

Concentration, pCi/l(a)

131] 137Cs
Map Fraction of Fraction of

Location Number Results >DL Maximum Average(b) Results >DL Maximum Average
Riverview 1 0/26 <DL (-0.11 + 0.08) 1/26 14179 (-0.56 £ 2.3)
Sagemoor 2 0/24 <DL {-0.06 1 0.08) 0/24 <DL (-0.72 £ 2.7)
Columbia Basin

Composite 3 0/26 <DL {-0.04 £ 0.07) 0/26 <DL (-0.60 £ 2.5)
Wahluke 4 0/25 <DL (-0.10 + 0.07) 0/25 <DL (-1.2 % 2.0
Benton City 5 0/26 <DL (-0.07 £ 0.07) 1726 8175 (-0.80 = 2.6)
Sunnyside 6 0/26 <DL (-0.05 % 0.08 0/26 <DL (1.8 £ 2.3)

8Sr 90Sr
Map Fraction of Fraction of

Location Number Results >DL Maximum Average Results >DL Maximum Average
Riverview 1 1/4 2113 (0.73 £ 1.22) 3/4 20X 0.6 1.5+ 0.6
Sagemoor 2 4/11 24123 0.91 £ 0.65 8/11 20+ 14 1105
Columbia Basin

Compasite 3 2/4 1.7 £ 0.63 1.2x06
Wahluke 4 2/4 1.5+ 0.6 13105
Benton City 5 3/4 20t 0.6 1.3x0.7
Sunnyside 6 1712 14113 0.59 & 0.57 7/12 1.9+ 0.6 0.96 £ 0.4

>DL = Greater than the detection level, i.e. analysis of the sample yielded a positive identification.
<DL = Less than the detection level; radionuclide not identified in sample.
(a)Individual results shown with the + two sigma counting error term. Averages shown with the £ two standard error term:

(95% confidence interval)

(b)Average was enclosed within parenthesis if the & two standard error term shown was greater than the indicated

concentration.
No entry in table indicates no analysis was performed.

BEEF

Samples of locally produced beef were collected
from three locations and analyzed for %Sr and
137Cs. Samples were obtained from a farm in the
Riverview area (Location 1, Figure 9), and one
sample each was obtained from farms located
east of the Fast Flux Test Facility (FFTF) Site (Loca-
tion 3*), and in the Horn Rapids area (Location
7). The samples were analyzed by UST using
methods described in Appendix C. Neither %Sr
nor 3Cs was identified in any of the samples.

LEAFY VEGETABLES

Leafy vegetables provide a rather large surface
area for the foliar deposition and retention of
airborne materials and thus are sampled to pro-
vide an indication of radionuclide concentra-
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tions in locally grown food crops as aresult of the
a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>