
"_+ *_+_ \Y Association for Information and Image Management

++,+'+'e+u+,++?++'+o'_,°o°_,_ ,/_+_++++
+,+ +. ++ .+ +or,n° _/.., _+ @++o,+++o+ _,.s' + _-+2

+++ ++++



0



PNWD-2235 HEDR
UC-000

Overview of Vegetation Monitoring Data,
1952-1983
Hartford Environmental Dose
ReconstructionProject

o

J. P. Duncan

March 1994

' Letter Reportfor the Technical Steering Panel
and the Centers for Disease Control andPrevention
under Contract200-92-0503(CDC)/18620(BNW)

Battelle
Pacific Northwest Laboratories

Richland,Washington99352 MASTEI
|

OII$'TI:IIBUTtONOF THIS DOCUMENT IS UNLIMITED>_"



Preface

In 1987, the U.S. Departmentof Energy (DOE) directed the Pacific Northwest Laboratory,
_t which is operatedby Battelle Memorial Institute, to conduct the HanfordEnvironmentalDose

Recomtruction (HEDR) Project. The DOE directive to begin project work followed a 1986
recommendationby the Hanford HealthEffects Review (HHER) Panel. The HHER Panel was

. formed to consider the potentialhealth implications of past releases of radioactive materials from the
HanfordSite near Richland, Washington.

Members of a Technical Steering Panel (I'SP) were selectedto direct the HEDR Project work.
The TSP comists of experts in the various technical fields relevant to HEDR Project work and
representativesfrom the states of Washington, Oregon, andIdaho; Native American Tribes; and the
public. The technicalmembers on the panel were selected by the vice presidents for research at
majoruniversities in Washingtonand Oregon. The state representativeswere selected by the
respective state governments. The Native Americantribes and public representativeswere selected by
the other panel members.

A December 1990 Memorandumof Understandingbetween the Secretariesof the DOE and the
U.S. Departmentof Health andHuman Services (DHHS) transferred responsibility for managing the
dose reconstructionand exposure assessment studies to the DHHS. This transfer resulted in the
current contractbetween Battelle, Pacific Northwest Laboratories(BNW) and the Centers for Disease
Controland Prevention (CDC), andagency of the DHHS.

The purpose of the HEDR Project is to estimatethe radiationdose that individualscould have
received as a result of radionuclideemissions since 1944 from the Hanford Site. A majorobjective of
the HEDR Project is to estimate doses to the thyroid of individualswho were exposed to iodine-131
by drinkingmilk obtained from cows that atevegetation contaminatedby iodine-131 released into the
air from Hanfordfacilities.

The HEDR Project work is conducted under several technical and administrative tasks, among
which is the EnvironmentalMonitoring Data Task. The staff on this task assemble, evaluate, and
summarize key historical measurementsof radionuclideconcentrations in the environment around the
Hanford Site. This effort has resulted in the publication of vegetation monitoring data for 1945-1951
(Denham et al. 1993; Hanf el al. 1993). The informationpresented in this reportis the resultof a
search for vegetation monitoring data beyond 1951. No milestone numbers were established for such
an activity.
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Summary

This report is a result of the Hanford EnvironmentalDose Reconstruction(HEDR) Project. The
goal of the HEDR Project is to estimate the radiationdose that individualscould have received from
emissions since 1944 at the Hanford Site near Richland, Washington. Members of the HEDR
Project's EnvironmentalMonitoringData Task have developed databasesof historical environmental
measurementsof such emissions. The HEDR Project is conductedby Battelle, Pacific Northwest
Laboratories.

This report is the third in a series that documents the informationavailable on measurements
of iodin_131 concentrationsinvegetation. The first two reportsprovide the datafor 1945-1951.
This reportprovides an overview of the historical documents, which containvegetation data for
1952-1983.

The overview is organized according to the documents available for any given year. Each
section, covering one year, contains a discussion of the media sampled, the sampling locations,
significant events if there were any, emission quantities, constituents measured, and a list of the
documents with coinplete reference information.

Because the emissions which affected vegetation were significantly less after 1951, .thevegetation
monitoring dataafter that date have not been used in the HEDR Project. However, access to these
datamay be of interest to the public. This overview is, therefore, being published.

The informationin this reporthas been compiled without analysis and should only be used as a
guide to the original documents.
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Introduction

To support the HanfordEnvironmentalDose Reconstruction(HEDR) Project's objective of
•* estimating the radiationdose that individualscould have received as a result of emissions from the

Hanford Site, HEDR Project staff developed a databaseof historical environmental measurements.
The datafrom these measurements are madeavailableto the applicableHEDR tasks and the public.

One databaseof historical environmentalmeasurements consists of vegetation monitoring data.
The vegetation monitoring datafor 1945-1951 have been published (Denham et al. 1993; Hanf et al.
1993). Those dataare being used for validation purposes in the HEDR Project.

The informationpresented in this reportis the result of a search to determine the availability of
vegetation monitoring databeyond 1951. The data in this reportare not being used by the HEDR
Project because the emissions after 1951 were not as significant. Because access to these data may be
of interest to the public, however, an overview of the available vegetation monitoring data for 1952-
1983 is being published.

Data Quality Objectives

The information in this reporthas been compiled without analysis. The original purpose was to
provide an overview of the dataavailable. Because it was determined thatthe vegetation monitoring
databeyond 1951 would not be used in the HEDR Project, no data quality objectives were established
nor were the data submitted to a rigorousdataquality review. The information presentedin this
report should only be used as a guide to the original documents. The original documentsneed to be
consulted directly prior to use of any of the datapresented in this report.

General Information

This report is divided into sections, one section for each year of vegetation monitoring data.
Pertinentresource documentnumbers are provided in the text of each section. The document
numbers and reference informationfor those documents where vegetation monitoring data may be
found are provided at the end of each section.

The overwhelming majority of vegetation samples in which radioactivitywas measuredwere
sagebrushsamples. Whenever measurementsare for other types of vegetation (fruits, vegetables,
etc.), the type of vegetation is denoted. In every sample, iodine-131 (1-131) was measured. This
report indicates in which years andlocations gross alpha and non-volatile beta emitters were
measured. Any numbers in the tables that are in bold denote the highest value for that data series.

_s In many of the documents from which the data came, there were statements that "vegetation
samples were analyzed according to standardproceduresand techniquesused in the control
laboratory"(Paas 1952). These standard proceduresare defined in Healy et al. (1951).
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1952

Vegetation Radionucfide Contamination Overview
for Hanford and Vicinity 1952

:w

Media Sampled

,_ During 1952, over 100,000 vegetation samples were collected andanalyzed for radionuclide
contamination. Over 7500 of these samples were obtainedfrom locations within the perimeterof the
Hanfordreservation and the adjoiningcommunities of the Tri-City area. The remainderof the
samples were collec'axl from remote locations in Washington, Oregon, and Idaho (HW-25866, HW-
26493, HW-27510, HW-27641).

Vegetationsamples were analyzed accordingto "standardprocedures and techniques." The
counting retes were correctedfor counting efflciencies, decay, and sample weight (HW-25866).

The main vegetation sampled was sagebrush. Based on experimentsperformed on vegetation in
the area, (a)it was decided that native sagebrushwas the best absorbentof effluent gases.

s

All vegetation specimens collected were analyzed for 1-131. In addition, approximatelyone-half
of the samples were analyzed for the activity density from non-volatile beta emitters. This
measurementincluded the activity resulting from naturallyoccurring isotopes such as potassium-40
anduranium. Samples from nine representativeareas in the Hartfordarea were also analyzed to
determine the activity density from gross alpha emitters (HW-25866, HW-26493, HW-27510,
HW-27641).

Several samples of fruit from orchards aroundthe perimeter of Hanfordwere analyzed during
the third quarterof 1952. Peaches and apricots were analyzed for 1-131 activity and non-volatile beta
emitters. The whole fruit, as well as the outer skin, pulp and seed, was analyzed (HW-27510).

Several samples of sugarbeets were analyzed in December for total beta particle emitters
(HW-27641).

A special monitoring survey was done in May 1952, after a cargo truckon a routine trip from
Arco, Idaho, to the HanfordPlant was found to be contaminatedwith significant amounts of radio-
active material. Vegetation, water, soil, and air samples were collected and analyzed. Vegetation
samples were examined for non-volatile beta emitters, 1-131 emitters, and alpha activity (HW-24727).

:@t

(a) Repmton earlyvegetationexperintentsandtests (HEDRProjectDocumentNo. 03930002)fromR. C. Dozer
(GeneralEleetrioCompany)to B.V. Andersen(GeneralElectricCompany),August13,1957,Richland,Washington.
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Sampling Locations

Routine vegetation sampling locations includednorth of the 200 Areas; near the 200 Areas;
Route 3; 200 West Gate; 200 East Tower #16; Batch Plant;Meteorology Tower; south of the
200 Areas; Richlandand Kadlec Hospital; Pasco, SacajaweaPark, and the junction of U.S. ,,
Highway 410; Kennewick and Kennewick Highlands;Benton City and Cobb's Comer; Benton City-
Kiona; Richland "Y'; Hartford;200 East Area; 200 West Area; Redox Construction Area; Wahluke
Slope; Goose Egg Hill; RattlesnakeMountain;PSN (Position Number) 300-310-320; Pasco to j
Ringold; Prosser to Patersonto McNary; eastern Washington;southern Washingtonand northern
Oregon; Yakima Barricadeto Ellensh_g; andPriest Rapids (HW-25866, HW-2Ot93, HW-27510,
HW-27Otl).

Off-site sampling locations were furtherbroken down into individual towns to include Yakima
Barricadeto Ellensburg, Yakima, Yakima to Ellensburg, Ellensburg, Buena, Zillah, Granger,
Sunnyside, Sunnyside to Horse Thief Point, Moxee City, Union Gap, Wapato, Toppem__, Toppenish
to Goldendale, Goldendale, Goldendaleto Wishram, Lyle, Bingen, Camas, Vancouver, Portland,
Troutdale, Bonneville, Hood River, The Dalles, Moody, Rufus, Blalock, Arlington, Heppner
Junction,Boardman,Umatilla, Cold Springs, Hermiston, Pendleton, Meacham, StanfieldJunction,
Wallula, Toucher, Lowden, Walla Walla, Dixie, Waitsburg,Dayton, Dodge, Pomeroy, Lewiston,
Uniontown, Pullman, Colfax, Steptoe, Rosalia, Spangle, Spokane, Cheney, Sprague, Ritzville, Lind,
andConnell (HW-25f._56,HW-26493, HW-27510, HW-27641).

Sugarbeets were sampledfrom the Pasco ImprovementFarm (HW-27641).

Vegetation sampled during the special monitoring survey in May were collected from Pendleton,
La Grande,Baker, Ontario, Caldwell, Boise, Bliss, 10-1/2 miles west of Rupert, 8 miles west of
Rupert, Rupert, American Falls #1, American Falls/f2, Pocatello, Blackfoot, Arco Project, Arco,
Shoshone, McCall, I.ewiston, and Walla Walla (HW-24727).

Vegetationsamples analyzed for gross alphaemitters were collected from the 200 West
gatehouse;Batch Plant;Rt. 4S, Mile 4; Meteorology Tower; Rt. 4S, Mile 6; 300 Area; Richland;
Pasco; and Benton City (HW-25866, HW-26493, HW-27510, HW-27Otl).

Significant Events/Emission Quantities

The operationof the Redox Facility was started in January 1952 (HW-54636).

Total 1-131 emissions from the separationfacilities stacks averaged 2.2 curies per day during the
first quarterof 1952. The maximum emission was approximately9 curies over a twenty-four hour
period (HW-25866). "

Activity density results for non-volatile beta emitters during the first quarterwere higher than
expected due to Nevada bomb tests (HW-25866). -_
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The averagedaily emissions from the separationfacilities stacks for the second quarterwere
4 curies per day. A maximumemission of 21 curies per day was released from the Redox stack
(HW-26493).

_, During the latterpartof April 1952, there was a reduction in operationof the B Facility
(HW-26493).

,_ During May andJune, Nevada bomb tests, influding an atomic blast detonatedat Yucca Flats,
Nevsda, on May 7, createdfallout giving greaterthan expected non-volatile beta emitter activity
densities (HW-26493, HW-24727).

Total 1-131emissions from the separationareastacks averaged 3 curies per day during the third
quarterof 1952. A maximum value of 16.4 curies per day was emitted from the 202-S stack when
the silver reactorfailed (I-IW-27510).

The averagedaily emissions from all separationfacilities stacks were 1.4 curies per day for the
fourthquarter. The maximum emiusionof 5.2 curies per day was from the Redox facility
(HW-27641).

The increasedproductionat the T Plantcontributedto a nearly three-fold increase in the amount
of 1-131 emitted from the separationsfaciliti_, during December. Emissions at the T Plant increased
from an averageof 0.1 curies per day in November, to an averageof 0.8 curies per day in
Decmnber. The maximum emissions from this facility were 2.2 curies per day (HW-26720 E).

During mid-November _ndearly December, nucleartesting caused greater than expected
activities from non-volatile beta emitters (HW-27641).

Constituents Measured/Reported

Analysis results for the activity densities of 1-131 and non-volatile beta emitters were reported in
table form in units of 10-6/_Ci/g. Results for alpha emitters were reportedin units of 10-8 _Ci/g
(HW-25866, HW-26493, HW-27510, HW-27641).

Maximumactivity densities for the first quarterof 1952 were found in an elongated area that
included nearlyall of the 200 West Area and extended eastwardto a point inside the 200 East Area.
The averageactivity density in this region exceeded 1 x 10-4 _Ci/g (HW-25866).

In February, the averageactivity density was over 2.5 x 10-4 AtCi/gnear the 200 West Area
gatehouse. The maximum activity from 1-131 in this area was 1.2 x 10-2/_Ci/g (HW-25866).

Changes in deposition patternsduring the first quarterof 1952 were due to meteorological
conditions, since the overall emissions of 1-131 from the separations area stacks did not change

_D significantly (HW-25866).

5
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Samples obtainedfrom son_ Washin_on and northernOregon had average activity densities
for 1-131below the detection limit of 3 x 10"°/_Ci/g for most of the quarter. The maximum activity
density in this area was 69 x 10-6isCi/g observed in February (HW-25866).

Vegetation samples from Smmys'xleandMoxee City during the fast quartershowed activity
densities from 1-131 to be 5 to 7 x 10"__tCi/g(HW-23866).

During the first quarterof 1952, average1-131 activity densities on vegetation samples from
Richland, Pasta, Kennewick, and Benton City were 27 x 10"6, 13 x 10-6, 23 x 10-6, and

16 x 10-6pCi/g, respectively. Maximum1-131activities were 580 x 10-6,75 x 10-6, 250 x 10"6,
72x 1o' l,ci/g, respectively(HW-866).

Samples analyzed f_r non-volatile emitters duringthe first quarterof 1952 gave higher than
expectedresults due to co_on from Nevada bomb tests. One sample collected from eastern
Washingtonshowed the activity density from non-volatile emitters to be 1.7 x 10.4 _tCi/g. Excluding
smnples taken from within the separafiomareas, the maxinmmactivity detected in samples from
HanfordWorks was 1.1 x 104 pCi/g (HW-25866).

Deposition nmps for each month of the year and each quarterwere provided to illustrate the
patternof 1-131 contaminationdeposited on vegetation (HW-25866, HW-26493, HW-27510,
HW-27641).

With the excq_on of samples collected near the 300 Area, the averageactivity density from
gross alphaemitters during the first quarterof the year ranged from 1.0 to 6.8 x 10.7 _tCi/g
througlwut the area. Near the 300 Area, the average activity was 2.4 x 10.6 ;tCi/g and the maximum
activity was 4.3 x 10.6 ttCi/g (HW-23866).

The high deposition of alpha emitters near the 300 Area was not related to the emissiom from
the separationor reactor areastacks, but with 300 Area sources (HW-25866).

During the second quarterof 1952, the ammmtsof 1-131 decreaseddue to the reduction in
operationof the B Facility during the latterpart of April and meteorologicalconditions which diluted
the stack effluent (HW-26493).

The maximmn deposition of 1-131during the second quarterwas messu_'ed in a small region of
I to 2 squaremiles near the southwest cornerof the 200 West Area. The average activity density
was greaterthan I x 10.4/_Ci/g andthe maximumwas 2.2 x 10-4 _tCi/g (HW-26493).

During April, May, andJune 1952, large areas within the project showed the activity density
from 1-131to be below the detectionlimit of 3 x 10-6/_Ci/g. The deposition of 1-131 during May was
greaterdueto the increased emissions from the Redox Facility. An averageof 4.3 curies of 1-131 "*
perdaywereemittedfromtheRedoxAreaduringMay, as comparedwith average emissions of 1.9
and 1.1 curies per day during April andJune, respectively (HW-26493).

_q

In general, the mean activity density from 1-131 during the second quarterof 1952 averaged less
than3 x 10"°_tCi/g in off-area locations. Trace activities were found in six of the fifty-eight

6
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conmmnities surveyed. The maximum averageconcentrationof 1-131was 13 x 10-6_tCi/gfound in
Cold Springs,Oregon. The maximumindividual sample from an off-area location was
2.2 x 10-_ ttCi/8 found at Connell, Washington (HW-26493).

Averase 1-131 activities for Richland, includingKadlec Hospital, the Pasco area, and Benton
City/Cobb's Cornerwere less than 3 x 10-6 t_Ci/g for the second quarter. The average andmaximum
activities for the Kennewick areawere 4 x 10"uand 2.0 x 104 _Ci/g, respectively (I-IW-26493).

Maximumon-site 1-131 activity for the second quarter,2.2 x 10-4_tCi/g, was found at Route 3,
200 West Gate, and the Redox Construction Area (HW-26493).

The activity density from non-volatile beta emitters was higher than expected from normal
Hanfonl operationsdurin8 the second quarterdue to Nevada bomb tests during May andJune.
Maximum measurementsfor non-volatile emitters for May andJune were as high as 5.8 x 10-4 and
1.0 x 10-3 ttCi/g for Cold Springs and the Yakima Barricadeto Ellensburgsamples, respectively
(HW-26493).

The activity density,from gross alpha emitters decreasedduring the second quarter. Maximum
measuremems, 2.0 x 10-° ttCi/g, were from near the 300 Area, consistent with trendsin data
collected since 1951. The nax/nann activity density from alpha emitters from an outlying area was
inpasta,withareadingof 8.1x 10.7Ci/g -26493).

Durin8 the thirdquarterof 1952 there was a continued decrease in the deposition of 1-131 on
plants due to the decrease in the amountof 1-131being discharged from the separationarea stacks.
Maxinmmdeposition measureddirectly east and south of the 200 West Area did not exceed
4 x 10-5 _Ci/g (HW-27510).

The maximum 1-131activityforthethirdquarterwas7.2x 10-5_tCi/g,foundattheRedox
Constn_ionArea.inSeptember.Theaverageactivitywas 1.3x 10-5ttCi/g(HW-27510).

Average1-131activitiesforthethirdquarterwerebelowthedetectionlimitof3 x 10-6_tCi/gin
alloff-arealocations.Themaximum activitywas 1.4x 10-5_tCi/gsampledatConnell,Washington
(HW-27510).

The averageactivity density from non-volatile beta emitters decreased at all locations by nearly
50% during the thirdquarter(HW-27510).

Several samples of fruit were collected from orchardsaround the project perimeter during the
thirdquarter. The activity density for 1-131 was less than 3 x 10-6 _Ci/g in all samples analyzed.
Non-volatile beta particleemitters ranged from 1 to 4 x 10-5 ttCi/g. The outer skin from several of

:" the peach andapricot samples was analyzedseparately from the pulp and seed, giving no significantly
different results (HW-27510).

_,, The majority of samples _yzed for gross alpha particleemitters during the third quarterhad
activities with less than 5 x 10"e_tCi/g. However, samples collected in the vicinity of the separations
areas showed higher results than those previously observed. Maximum values of 1.1 x 10-6and
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1.5 x 10-6/tCi/g found at the Batch Plant and Meteorology Tower, respectively, were two to three
times higher than those of the second quarter. The higher values were found during July, with values
duringAugust and Septemberbarely exceeding the detection limit of 5 x 10-8_tCi/g(HW-27510).

During October, the values for 1-131 deposition on vegetation were among the lowest measured _,
since the start-upof the HanfordOperation. Levels measuredon vegetation from off-site locations
were less than 3 x 10.6/_Ci/g in nearly every sample analyzed (HW-27641).

During the fourthquarter,1-131deposition on vegetation averaged ! x 10-5 _Ci/g close to the "

separationsareas and from less than 3 x 1.0-6 to 5 x 10 6/_Ci/g in the residential areaaround the
project pednm_r. The maximumdeposition was 1.3 x 10"4_tCi/gnear the 200 West Area at the
Batch Plant(HW-27641).

Maximumoff-site deposition of 1-131 duringthe fourth quarterwas 5.4 x 10-5/_Ci/g at Toucher,
Washington. The maximum averege values were 1.3 x 10-5 and7 x 10-6 _tCi/g for Toucher,
Washington, and Lind, Washington, respectively (HW-27641).

During October, the only areas having positive amounts of 1-131were found in the region due
southeastof the separationsfacilities, correlatingto the prevailing wind directions. Most of the areas
of deposition were confined to random areas of about one squaremile each. However, the deposition
of 1-131 in Kennewick and Richlandcovered a largerareathan detected near the separations facilities.
November showed a general increue in the size of the areas where the 1-131 was detected, with
Kenuewick and Richlandshowing positive areas comparableto those in the vicinity of the separation
facilities (I-1W-27641).

The increasedproductionat the T Plantcontributedto a nearly three-fold increase in the amount
of 1-131 emitted from the separationsfacilities duringDecember. These increased emissions and
undesirablemeteorological conditions causing low dilution of the stack effluent caused higher 1-131
deposition values duringthe latterpart of the fourth :luarter(HW-27641).

The activity density from non-volatile emitters increasedby a factor of two during the fourth
quarter. The month of Octoberand through November 10, hadmeasurementssimilar to those of the

third ._q_trter.San_les collected after November 10 showed increasedaverage activities from
3 x 10- to 5 x I0"__tCi/gdue to nucleartesting (HW-27641).

During the fourthquarter,a maximumoff-site value of 6.8 x 10-4 _ttCi/gfor non-volatile
emitters was found in the vegetation sample from Yakima Barricadeto Yakima (HW-27641). The
maxinmmon-site activity was 1.9 x 10-3 _tCi/gfrom vegetation collected at the 200 West Area
(HW-28300, I-1W-27641).

During the latterpan of December, non-volatile activity densities decreased to thatexpected _
from normal Hanford operations (4 x 10.5 _tCi/g) (HW-27641).

Activity densities from gross alphaparticle emitters in the separationareas during the fourth A

quarterwere comparableto those of the third quarter. Average values in the immediate vicinity of
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the separationsareas were in the rangeof I x 10-7/_Ci/g to 3 x 10.7/_Ci/g. The activity for outlying
areas was less than 5 x 10-8/_Ci/g. Maximumvalues for alpha particleemitters were
1.9 x 10.6/_Ci/g found in the 300 Areas (HW-27641).

_ Samples of sugar beets collected from the Pasco ImprovementFarm in early December gave two
positive result,v--l.6 x 10.5 and 2.2 x 10-5/_Ci/g total betaparticle emitters (HW-27641).

A special monitoring survey was done in May after a cargo truckon a routine trip from Arco,i

Idaho, to the HartfordPlant was found contaminatedwith significantamounts of radioactivematerial.
A maxinmmnon-volatile activity density of 0.024/_Ci/g (corrected to sampling time) was collected at
Blackfoot, Idaho. The elevated radioactivityamountswere believed due to the radioactivecloud
producedby a test atomic blast detonatedat Yucca Flats, Nevada, on May 7 (HW-24727).
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Vegetation RadionucHde Contamination Overview
for Hanford and Vicinity 1953

Media Sampled

. During 1953, 15,742 vegetationsamples were collected and analyzed for radionuclide
contamination, includingboth routine andspecial vegetation surveys. Over half of these samples
were obtainedfrom locations within the perimeterof the Hartfordreservationand the adjoining
communitim of the Tri-City area. The remainderof the samples were collected from remote
locations in Washington, Oregon, and Idaho 0tW-28009, HW-29514, HW-30174, HW-30744, HW-
30423E).

Allvqetmionsamplescollectedwereanalyzedfor1-131and/or1-133.Inaddition,many ofthe
samples were analyzed for non-volatile beta particle mnittm, which includedthe activity resulting
from naturallyoccurringisotopes such as potassium-40 anduranium. Samples from nine
rep_ve areas on and adjacentto the Hanford environs were also analyzed to determine the
activity density from gross alpha emitters (HW-28009, HW-29514, HW-30174, HW-30744).

During the third quarter of 1953, several crops andfruits were collected from the farmingareas
near Hanford and analyzedfor 1-131contaminationand non-volatile beta particle emitters
(HW-30174).

A special survey was conducted in May 1953 to determine the magnitudeand extentof fallout
produced from Nevada nuclearblasts. As partof this survey, samples were collected from area farms
and analyzed for 1-131 and1-133 and non-volatile beta particlemnittm_. Crops examined included
asparagus, strawberries,mint, wheat, alfalfa, hay, and grapebuds (HW-28925).

SamplingLocations

Routine vegetation sampling locations includednorth of the 200 Areas, near the 200 Areas,
Route 3, 200 West Gate, 200 East Tower #16, Batch Plant, Meteorology Tower, south of the
200 Areas, Richland, Pasco Environs, Kennewick Environs, Benton City-Kiona, Richland "Y",
Hartford,200 East Area, 200 West Area, Redox ConstructionArea, WahlukeSlope, Goose Egg Hill,
RattlesnakeMountain, PSN-300-310-320-330, Pasco to Ringold, Prosser to Patersonto McNary,
eastern Washington, and southern Washington and northernOregon (HW-28009, HW-29514,
HW-30174, HW-30744).

_- Off-site locations were furtherbrokendown into individual towns to include Moxee City, Union
•Gap, Wap_o, Toppenish, Toppenish to Goldendale, Goldendale, Goldendale to Wishram, Lyle,
Bingen, Camas, Vancouver, Portland,Troutdale, Bonneville, Hood River, The Dalles, Moody,

,, Rufus, Blalock, Arlington, Heppner Junction,Boardman, Umatilla, Wallula, Touchet, Lowden, Walla
Walla, Dixie, Waitsburg,Dayton, Pullman, Colfax, Steptoe, Rosalia, Spokane, Cheney, Sprague,
Ritzvflle, Lind, Connell, Pomeroy, Lewiston, Uniontown, Hermiston, Stanfield, Pendleton,

11
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Meacham, Spangle, Omak, LaGrande, North Powder, Haines, Baker, PleasantValley, Durkee,
Huntin_on, Payette, Junctionof US #30, Middleton, Boise, andCaldwell (HW-28009, HW-29514,
HW-30174, HW-30744).

Collection :_itesfor vegetation samples examined for gross alpha particle emitters included
200 West Gatehcuse, Batch Plant, Rt. 4,5 Mile 4, Meteorology Tower, Rt. 4S Mile 6, 300 Area,
Richland, Pasco, andBenton City (HW-28009, HW-29514, HW-30174, HW-30744).

A special vegetation survey we conducted on May 26, 1953, after a nucleartest in Nevada.
The surveys covered an areabounded by Spokane, Washington; Lewiston, Idaho; Pendleton, Oregon;
Yakima, Washington;and Ellembur8, Washington. Samples were collected at nearly all communities
within this areaand also at intervalsof five to ten miles between the communities. Locations
con_rising this special survey included the Tri-City Residential Areas (in which 34 samples were
collected from areas to include the outside of the 300 Area barricade,North Richiand, Richland,
Richland"Y",Kennewick, Kennewick Highlands, andPasco), inside of the HanfordAtomic Products
OperationExclusion Area (22 samples from areas including 7 miles East of the Redox stack, Rt. 4S,
P,t.2S, Rt. 2N, White Bluffs, Rt. l, Riverland, Rt. I1A, Meteorology Tower, 200 West main gate,
andCold Creek), Benton City, prosser, Paterson, Plymouth Region (23 samples), Pasco to Lewiston
via Connell, Wmhmcna, and Pullman(60 samples to include Eltopia, Ritzville, Kahloms, Colfax,
Coiton, Walla Walla, Clarkston, Dayton, Pomeroy, and Waitsburg), Moxee City, Yakima, Sunnyside
P,egion (28 samples including Union Gap, prmser, Grandview, Cobb's Corner, Enterprise,
Hemminger City, and Yakima Barricade),Yakima-SpokaneRegion (28 samples to include
Ellemlmrg, Vantage, Moses Lake, Ritzville, Cheney, Sprague,Reardon, Davenport, Harrington,
¢Xlema,and Lind), and the Walia Walla-PendletonRegion (22 samples to include Wallula and
Lowden). Samples were collected andanalyzed for 1-133 and non-volatile beta particleemitters
(HW-28925).

Crops collected as partof the special vegetation survey after the fallout of May 26, were
collected from Kennewick Highlands, south of Kennewick, South Kennewick Highlands, West Pasco,
andthe Riverview District (HW-28925).

Significant Events/Emission Quantifies

Total 1-131 emissions from the separationfacilities stacks averaged 1.9 curies per day during the
first quarterof 1953. A maximumemission of 17 curies per day was released from the Redox stack
duringJanuaryas a result of a faulty silver reactor(HW-28009).

The averagedaily emissions from the separationfacilities during the second quarterwas
1.9 curies of 1-131 per day. A maximumquantityof 19 curies per day was discharged into the
atmospherefrom the S-Facility stack (HW-29514). "

Nevada nuclear testing on May 26 resulted in significant increases in radioactive iodine
deposition and the highest amountsof non-volatile beta particleemitters ever detected (HW-29514,
HW-2g925).

12
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An average of 2.5 curies per day was released into the atmospherefrom the separationfacilities
dufln8 the third quarter. A maximumemission of 27 curies over a twenty-fourhour period was
released from the S-Plant stack on July 7 (HW-30174).

- In September, the failure of a silver reactorat the 202-S Facility caused a maximum emission of
12 cm'iesof 1-131 on September3, and a total of 23 curies to be released over the three days
followin8 the failure (HW-30174).

R

Tnme amountsof 1-131 were detected in many remote locations during Septemberas a result
of reactor failures at the Redox facilities (HW-30174)..

Durin8 mid to late August and late Septembernuclear explosions at foreign locations caused
elevated activity densities (HW-30174).

Iodine-131 emissions from the separations facilities averaged 1.7 curies per day for the
quarter. The maximumemission, 10 curies per day, occurred on October 21 at the S-Plant

(HW-30744).

On November 13, 1953, me failure of a silver reactor at the 202-S Facility caused a gross
emission of 3.7 curies over a twenty-four hour period (HW-30744).

Constituents Measured/Reported

Analysis results for the activity densities of 1-131and non-volatile beta particle emitters
collected in routine vegetation samplin8were reported in a table formatlisting individual sampling
sites andresults in units of 10-6 t_Ci/8. Results for alphaparticle emitters were reported in units of
I0"8/_Ci/g(I-IW-28009,HW-29514,'HW-30174, HW-30744). i

Analysis results for a special vegetation survey done on May 26, 1953, were reported in
table form in units of 10-3 t_Ci/8. Individualcollection sites were listed andsamples were analyzed
for 1-133 and non-volatile beta particleemitters (HW-28925).

Maximum1-131 deposition durin8 the first quarterof 1953 occurred at the 200 West Area
8atehouse, where the average activity density was 4.2 x 10-5 ttCi/8 and the maximum activity density
was 1.9 x 104 ;tCi/8 (HW-28009).

lsoactivity maps for each month and each quarterwere provided to illustrate the patternof
1-131deposition on vegetation (HW-28009, HW-29514, HW-30174, HW-30744).

_° The repairof the faulty silver reactorat the Redox Facility in Februaryresulted in decreased
1-131deposition on vegetation during Februaryand March(HW-28009).

" Durin8 the first quarter,hish 1-131deposition (2.5 x 10"5to 1 x 10-4 t_Ci/g)was confined to
a region thatdid not exceed a five mile radius from the source (HW-28009).
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The activity density of 1-131 durin8the first quarteraveragedless than 3 x 10.6 pCi/g at all
remote locations except in area east of the plant which included the Colfax-Pullmanarea and the
Lind-Connellarea. The hish deposition found in these two areas was durin8 the month of March
when nesligible deposition was found in the immediate- Hanfordarea. When higher emissions and
deposition were takins.place on the Hanford reservation, in Januaryand February, off-site samples _,
did not exceed 8 x 10-0ttCi/8. In March, the maximumoff-site measurementwas 2.2 x 10-5 _tCi/g
01W-28009).

I

Results from the analysis of vegetation samples for non-volatile beta emitters showed a

generaldecree in activity densities in nearly all locations during the first quarter. The maximum
activity density was 2.5 x 10-_ pCi/8, observed from a sample collected from the 200 West Area.
The maxinmmactivity from off-site locations was 1.1 x 10-" ttCi/8 found at Troutdale, Cheney, and
Lind. Nearly all of the maximum measurementswere observed in the early part of Januarywhen
residualparticulatecontaminationfrom nucleartesting remainedon vegetation (HW-28009).

Durin8 the first quarterof 1953, the activity density of alphaparticle emitters on vegetation
increased by a factor of 2 to 5. The maximumdeposition value obtained from outlying areas was
5.6 x 10-7 pCi/ll, from a san_le collected in Richlandin February. The maximum on-site alpha
particledeposition value was 1.7 x 10-5 pCi/g, observed from a smnple from the 300 Area in March.
This maxinaan deposition was one of the hishest measurementsobtainedsince datahave been
reported0IW-28009).

Durin8 April and early May, radiea_ive iodine deposited on vegetation barely exceeded the
detection limit of 3 x 10-6 ltCi/8 throushoutthe Hanfordarea. Averase values increased duringJune
due to nuclear fallout andwere on the order of 10-4 itCi/8 with a maxinmmmeasurementof 4.8 x
10-3 _Ci/g occurrin8at the Redox ConstructionArea. The maximumoff-site value was 4.4 x 10-3
pCi/8 from the Colfax to Pullnmnarea. By the middle of June, radioactive iodine values decreased to
below the detection limit aroundthe plant perimeter(HW-29514).

In general, non-volatile activity densities rarelyexceeded 1 x 10-4 ttCi/g durin8 normal
Hanford operations, andseldom exceeded I x 10-3 _tCi/8duringperiods of contaminationfrom other
sourc (HW-29514).

Durin8 the second quarter,the maximum on-site non-volatile activity density was 1.7 x 10-2
pCi/g from a sample collected at the Redox ConstructionArea. The maximum off-site non-volatile
activity was 6.1 x 10-2 _Ci/8 measuredat Pomeroy. These values were among the highest ever
detected due to the Nevada nuclear testing in late May (HW-29514).

The acti_ densitim from gross alphaparticle emitters durin8 the second quarteraveraged
1 x 10-7 to 1.3 x 10"°#Ci/8 in the Hanfordvicinity. The maxnnumvalue, 6.2 x 10-0 _tCi/8, obtained

from nearthe 300 Area, exhibits a sisni.fic__, decrease from the first quarter. The maximum activity .-
density for outlying areas was 8.4 x 10"/_Ci/8, measured in Benton City, a value higher than thatof
the first qttmer (HW-29514).
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After nucleartesting.in Nevada on May 26, avenge off-site non-volatile activities ranged
from 2.0 x 10-4 in the Toppemsh/Goldendaleareato 2.7 x 10-2/tCi/g in the Colfax/Pullmanarea
(HW-29514).

In u_partn8 the values obtained from May 26, 1953, andsimilar meuurements obtained
when the only source of contaminm'onWUrtheHanfordworks, non-volatile beta particle emitters
were found to be approximately100 times greater thannormally found (HW-28925).

m

The activity density from radioactive iodine after May 26 was approximately 1000 times
higher than nornttl in the remote residentialareas and about i00 times above normal values at
location inside HanfordProductsOperationExclusion area, due to the nuclear testing (HW-28925).

Decay studies were condacted after the May 26 nuclearblast, using control plots at
Ri_, _, and Kennewick. Samples were collected daily throughJuly 10, and analyzed for
1-131, i-133, and non-volatile beta particle emitten. The average activity densities from radioactive
iodine, which rangedfrom 2 to 6 x 104 ;tCi/8 on May 27, decayed to values of less than 3 x 10.6
_Ci/g aroundthe middle of June, representativeof normalH_tord operations. Non-volatile values

decreased by late June to the 10"__Ci/g level, normal operation levels (HW-28925).

Crop unnpla analyzed after the May 26 nuclear testing exhibited results comparableto
those _ on roadaldeuenlplu. The maximum radio_ activity density, 8.2 x 10-4 #Ci/g,
was memned on a hay sample from South of Kenmwick. The naxinmm non.volatile activity density
was 1.7 x 10-2 _tCi/$from a mint _mnplecollected from Kennewick Highlands. The overall average
non-volatile activity denJity measured in the crops was 5.21 x 10-3 _Ci/g. The overall average for
1-131/I-133 activity in crop samples was 2.69 x 10-4 _Ci/g (HW-28925).

Maxinmm activity demities from radioiodineandnon-volatile beta particle emitters after the
May 26 Nevada nuclear testing were found in an elongated area approximately25 miles wide
exteading from near Pullman, Washington, on the east, to Richland, Washington, on the west. A
small region in the northeastpart of Wa_lton near Sprague andHarringtonshowed comparable
values to those found in the Pullman-Richlandregion (HW-28925).

During the special vegetation survey on May 26, the maximum activity density from non-
volatile beta particleemitters was measurednear Dodge, Washington, where individualreadings

ranged from 4.7 x 10-2 to 6.1 x 10-2 _Ci/g. The maximum radioiodinemeasurementwas obtained
ne_ Pullmanwhere a value of 4.4 x 10"__Ci/g was detected. Within the Tri-City restdentialarea, a
maximumvalue for non-volatile beta particle emitters of 2.1 x 10.2 _Ci/g was obtainedfrom
SoutheastKenuewick and outside the 300 Area Barric_tde.The maximum 1-133 activity density for
the Tri-City Area was 2.2 x 10-3 _Ci/g, obtainedfrom samples from Northwest Paaco and Northwest
Kennewick. Within the Hanford Atomic ProductsOperationExclusion Area, a maximum non-volatile

° activity density of 1.7 x 10-2 _Ci/g was obtained from a sample collected at Rt. 4,5, Mile 13. The
maximum1-133 activity density within Hanford Works was 2.4 x 10-3 _tCi/g, obtained from a sample
coileeted at Cold Creek, Mile 2 (HW-28925).

During the thirdquarter,a reductionin the amountof 1-131 found deposited on vegetation
occurred,as the fallout from the nuclear testing of the second quarterdissipated. Third quarter
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values were equalto or less than those of the first quarterwhen the deposition patternwas not
influetr_ by fallout from sources other than Hanford(HW-30174).

The maxtnmmactivity density for 1-131during the thirdquarterwas 2.1 x 10-4 pCi/g
obtainedfrom a sample collected south of the 200 Areas. The maximumoff-site activity density was
4.7 x 10-5/_Ci/8, collected from t_'eToppenish to Gold_e area(HW-30174).

Average 1-131activities for JULY04KI1 August from off-site locations were less than 3 x 10.6
m,

_tCi/I;. In September, trace (<3 to 6 x /_Ci/g) amountsof 1-131 were observed (HW-30174).

Several crops and fruitswere collected from the fanning areas near Hanfordduring the third
quarterandanalyzed for 1-131 and non-volatile beta particle emitters. In all cases, the activity
densities were comparableto those found on the vegetation samples routinely collected from the same
areas(HW-30174).

Dudn8 the thirdquart_ of 1953, the activitydensitiesof non-volatilebetaparticleemitters
decreasedfromthehighvaluesobservedthepreviousquarter, which were associated with the Nevada
tests. However, values were still higher than those normally found, due to foreign nucleartesting.
Average values were three to four times greaterthan those normally found and maximummeasure-

were about 10 times greaterthan the expected maximum value (HW-30174).

•Thenmximumoff-siteactivitydensityfromnon-volatile emitters for the thirdquarterwas
9.6 x 104 pK_i/gfrom a _le collected in Portland, Oregon. The on-site maximumactivity density
was 1.3 x i0 "_/_Ci/g. Tim averageoff-site activity ranged from 2.1 x 10-5 in Walla Walla, to 3.6 x
10.4/_Ci/g, inAHington(HW-30174).

During the thirdquarter, the activity densities from gross alphaparticle emitters averaged
7 x 104 to 6.9 x 10"v/_Ci/gin the Hanford vicinity, with a maxinmm measurementof 1.2 x 10"_
_Ci/g from a sample collected near the 300 Areas. The overall maximum was 1.5 x 10.6 _tCi/g from
a smnple collected in Richland. The average activity densities for outlying areas ranged from < 5 x
10-8_tCi/gatBentonCity,to3.8x i0"vt_Ci/gatRichland(HW-30174).

Durin8thefourthquarter,thegreatestregioninwhichdetectablequantitiesof1-131was
depositedwasconfinedtotheareainandaroundtheseparationareasandinanelongatedarea
extendingsoutheastoftheseparationfacilitiesforapproximatelyI0miles,correlatingwithprevailing
wind directions (HW-30744).

The failure of the silver reactorat the 200 West facility in November resulted in a maximum
activity density for 1-131of 2.7 x 104 _tCi/g, collected from near the 200 West Area gate. The
maximum off-site activity density was 1.8 x I0"_pCi/g from a sample collected at BIalock, Oregon
(HW-30744).

Fourth quarter averageon-site activity densities ranged from < 3 x 10 6 to 2.0 x I0"s_Ci/g.
Average off.site activity was generally below the sensitivity limit of 3 x 10.6 _Ci/g. Trace quantities
were detected in smnples from Pullman, Pomeroy, Lewiston, and Blalock (HW-30744).
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During the fourth quaner.a decrease in the activity density values for non-volatile betz
panicle emit_rs continued. Values from December were the lowest measuredsince the significant
deposition from nuclear fallout occurred during the middle of the year. The average non-volatile
deposition in December from on-site and the immediatevicinity ranged from 4.1 x 10.5/_Ci/g at

- Benton City-Kiona, to 4.2 x 10.4 _Ci/g at the 200 West Area (HW-30744).

The activit_densities from gross alphaparticle emitters duringthe fourthquarteraveraged
,, 9 x l0 s to 6.1 x 10"1_Ci/g in the Hanfordvicinity, with a maximummeasurementof 1.2 x 10"°

_Ci/g at the 200 West Area 8atehouse. The maximum activity density value for alpha panicle
emitters from off-site san_les was 2.3 x 10"e_Ci/g collected from Pasco (HW-30744).

Average 1-131 activities for December were less than 'thesensitivity limit of 3 x lif e _Ci/8
at locations in the residentialareas surroundingthe Hanford Operationsand EasternWashington and
Oregon (HW-30423 E).

17
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VegetationRadlonucHdeContaminationOverview
for Hanford and Vicinity 1954

Jm_

Media SampledL

, During 1954, approximately9500 vegetation samples were collected andanalyzed for radio-
nuclide contamination. Seven thousand of these samples were obtainedfrom locations withia the
perimeterof the Hanford reservationand the adjoiningcommunities of the Tri-City area. The
rmminderof the samples were collected from remote locations in eastern andsouthern Washington,
western Idaho, and northernOregon (HW-31818, HW-33896, HW-36504, HW-36505).

Vegetation samples were analyzed for 1-131and non-volatile beta particle emitters. In addition,
samples from nine representativeareas in the Hartfordvicinity were analyzed to determine the activity
densities from gross alpha particleemitters (HW-31818, HW-33896, HW-36504, HW-36505).

During 1954, a apec_almrvey was conductedafter several radio-rutheniumemissions fromthe
Redox stack caused a severe groundcontamimtion problem. This contaminationextended into
orchard andfield crop areas surroundingthe Hanfordreservation,promptingcrop analyses. Fruits
and crops examined included2500 peaches, 2 lugs of plums, 2 lugs of grapes, 1500 apples, 40 ears
of corn, and40 tomatoes (HW-3_). (A lug is a shipping container for fruit. A lug of grapes
weighs approximately26 lbs, a lug of plums weighs approximately28 lbs.)

Smnpling Locations

Routine vegetation sampling locations included North of the 200 Areas, near the 200 Areas,
Route 3, 200 West Gate, 200 East Tower #16, Batch Plant, Meteorology Tower. South of the
200 Areas, Richland, Pasco Environs, KcmmswickEnvirons, Benton City-Kiona, Richland "Y",
Hartford, 200 East Area, 200 West Area, WahlukeSlope, Goose Egg Hill, RattlesnakeMountain,
PSN-3(X)-310-330,Redox Construction, Pasco to Ringold, Prosser to Paterson to McNary, Eastern
Washington, SouthernWashington and NorthernOregon (HW-31818, HW-33896, HW-36504,
EW-36505).

Off-site locations were further broken down into individual towns to include Wallula, Toucher,
Lowden, Walla Walla, Dixie, Waitsburg, Dayton, Pomeroy, Lewiston, Uniontown, Pullman, Colfax,
Steptoe, Rosalia, Spangle, Spokane, Cheney, Spokane to Davenport, Davenport, Davenl_rt to
Harrington,Harrington,Harringtonto Sprague, Sprague, Ritzville, Lind, Connell, Moxee, Union
Gap, Wapato, Toppenish, Toppenish to Goldendale, Goldendale, Goldendale to Wishram, Lyle,

,O

Birggen,Ca:ms, Vancouver, Portland,Troutdale, Bonneville, Hood River, The Dalles, Moody,
Rufus, Blalock, Arlington, HeppnerJunction, Boardman,Reardon, andEltopia (HW-31818,
HW-33896, HW-36504, HW-36505).
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Vegetationsamples analyzed for gross alpha emitters were collected from the 200 West
Gatehoese, Batch Plant, Rt. 4S Mile 4, Meteorology Tower, Rt. 4,5 mile 6, 300 Area, Richland,
Pasco, andBenton City (HW-31818, HW-33896, HW-36504, HW-36505).

a

Significant Events/Emission Quantities

Total 1-131 emissions from the __tions facilities stacksaveraged 1.7 curies per day during
the first quarterof 1954. The'maxinnnnemission was 11 curies per day from the Redox facility
(I4W-31818).

An increase in the conceatrationof non-volatile beta particleemitters occurred following a
rutheaiianemission duringthe first week of Jmmary(HW-31818).

The averase daily emissions from the separationfacilities stacks for the second quarterwas less
than 1.3 curies per day. A maxinmmemission of 15 curies per day was released from the S-Plant
stack (HW-33896).

During the month of May, fallout from nucleartestin8 in the Pacific Islandscaused increases in
the levels of coatmnimtion on vegetation (HW-33896).

Several radio-mthmhnn emissions from the Redox stack occurredduring 1954, causing a severe
Ipmundcomasnimtton problem (HW-33068). Elevated non-volatile beta particle measuranems were
relatedto the extemive fproundconimnimfion in and near the 200 West Area (HW-33896).

Total 1-131emissions from the separationsfacilities averaged 1.4 curies per day durin8the third
quarter. A _ emission of 12 curies per day occurredon August 27 from the S-Plantstack
(HW-36.q)4).

The combined averap 1-131emissions from the separationfacilities duringthe fourth quarter
was 1.5 curies per day. Conlradictin8maxlnmmemissions are reportedin this quarterly report. A

rate of 7.9 curies from the S-Plantduring a 19 hour period on October 29 is reportedin
the atmract, while a table in the text lists the maxinmm 1-131dischargedas 9.5 curies per day from

S-pbmtmackin November(I-IW-_505).

theweeksof November11andDecend_"20, combinedweeklyemissionsof 15 and13
curies, respectively, remdtedinincreased1-131 concemrafions(HW-36505).

During November and December higher activity densities for non-volatile beta particlesWere
attrilmtedto increased conceatrattonsof airbornebeta particleemitters from "sourcesother than ,,.
Hanford"(HW-36505).

2O
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Constituents Measured/Reported

Analysis results for the activity densities of 1-131 andnon-volatile beta particle emitters were
reportedin table form in units of 10-6/_Ci/g. Results for alphaparticle emitters were reportedin

" units of 104 _,Ci/g (HW-31818, HW-3389_, HW-36504, HW-36505).

Rutlamiumemissions in late Januarycaused an increase in non-volatile beta particle emitters in a
narrow trajectoryextending in a northeast direction from the 200 West Area, where a maximum
mm#umn_ of 2.3/_Ci/g was found (HW-31818).

The significant deposition of non-volatile beta particle emitters during the first quarter influenced
the accmacy of the 1-131 mmsurenmm, caming a number of the 1-131 analyses from the trajectory
extending northeastof the 200 Area to be deleted from the program (HW-31818).

The mean b131 deposition within the project perimeterduring the fwst quarter was 1.5 x 10"s
/_Ci/g. The averagedeposition for the residentialareas neighboring the plant was 3 x 10-6pCi/g
(HW-3t818).

Dqmitionmapsillmaatingthepaternof1-131contaminationdeposited on vesetationwere
provided for the tint three quartersof the year andfor themonths of JanuarythroughJune and
October throughDecember (HW-31818, HW-33896, HW-36504, HW-36505).

Average non-volatile beta particle deposition on the Hanford reservation ransed from 5 x 10-5
/_Ci/8 at perimeter locations to 3.3 x 10.2/tCi/8 near the 200 West Area. Average deposition in the
resi_ areas surroundingHanford was 3 x 10_ _tCi/8(HW-31818).

Average values of <3 x I{Y6/tCi/8 for 1-131 and on the order of 3 x 10.5/_Ci/g for non-volatile
beta pm_cle emitters were found at nearly all remote locations sampled except those which were
located inside the trajectory followed by the rutheniumemission in January. Smnplescollected in the
Spokane-Daventmrt-Spragueregion in Jmamryshowed non-volatile beta particle activity densities
ranging from 1 x 10"¢to 1.2 x 10.3 pCi/g. Trace amounts of lodfine-131detected in these same
locatiom appearedto be related to the rutheniumemissions as well (HW-31818).

During the firs! quarter, the aver_,e activity density for alpha particledeposition on vegetation
rangedfrom 7 x 10"s._tCi/gat residential locations (Pasco), to 4.3 x 10-6/_Ci/g at the 200 West
gatehome. The maxinaun measurementwas 1.3 x 10.5/_Ci/g collected at the 200 West gatehouse
(HW-31818).

Maximummeammmlentsfor 1-131deposition on vegetation were found in and near the
separationareas durin8the second quarter,where the averageactivity density for 1-131 was 3 x 10-5

* _,Ci/g. This included a maximummeasurementof 2.2 x 10-4/_Ci/8 from a sample collected at the
200 West gate. Withinthe Hanfordboundary, the average1-131 deposition was 1.1 x 10-5/_Ci/g
(HW-33896).

Dufin8 the second quarter,trace amountsof 1-131 were found in the residentialareas
su/'toundin8the plant perimeter, where the averagedeposition was 5 x 10-6ttCi/8. Maximum

21



1954

measurementsof nearly 1 x 10.4/_Ci/g were found on May 10 and 11, when atmospheric
concentrationswere higher due to nucleartesting in the Pacific Islands (HW-33896).

Average 1-131 activity densities from remote areas throughoutWashingtonand Oregon were
generally at or below 3 x lif e _Ci/g during the second quarter(HW-33896). -

During the second quarternon-volatile measurementincreases appearedto be related to the
extensive ground contamination in and near the 200 West Area, where a maximummeasurementof
0.31 _tCi.gwas found in April. The averageactivity density in this area was 6.5 x 10-3 ttCi/g
¢tlW-33896).

The maxinmm contaminationon vegetation in the remote areasof Washingtonand Oregon from
non-volatile beta particleemitters was 5.9 x 10-4 _tCi/gfound in a sample from Rufus (HW-33896).

During the second quarter,alphaparticle emission values returnedto those expected from
nolmal Hanfordoperations. The averagequarterlyalpha activity density was on the orderof 4 x 10-7
_Ci/g. By June, all outlying locations exhibited average activity densities of less than 10 x 10-8 ttCi/g
(HW-33896).

The concentrationsof radioiodineon vegetation decreased at nearly all sampling locations during
the third quarter. Only seven samples from three locations (200 West, Rt. 3, and200 West gate)
exceeded 1 x 10-5 _Ci/g, the maxinmmconcentrationacceptableat Hanford (HW-36504).

During the thirdquarter, the average andmaximumconcentrationsof 1-131 deposited on
vegetation at off-site and remote locations in Washington andOregon were all less thanthe detection
limit of 3 x 10.6 ttCi/g (HW-36504).

Average concentrationsof non-volatile beta particle emitters during the thirdquarterwere lower
in most locations thanthose of theprevious quarter. Concentrationsin on-site samples were
signifleantly higher than those of off-site smnples, due to the high groundcontaminationwithin the
HanfordProject (HW-36504).

During the third quarter,a maximumnon-volatile beta particle measurementof 0.33 ;tCi/g was
found in a sample from Route I0, Mile 8 (South of the 200 Areas) and consisted of ruthenium-
rhodiumisotopes. The averagenon-volatile concentrationfrom samples collected off-site was 3.6 x
10 s _Ci/g, with a maxinmmconcentrationof 1.4 x 10.4 _Ci/g collected from Prosser-Paterson-
McNary (HW-36S04).

Concentmtiom of alphaparticle emitters were lower during the third quarter,with all but one
averagevalue below the detectable limit of 10 x l0 "8_tCi/g. The maxinmm activity density was 40 x
104 _tCi/gfrom a sample collected from the 200 West Gatehouse (HW-36504).

Significant increases in the concentratiomof 1-131 were observed duringNovember and
December. Maxim_rimconcentrationsof 1.4 x 104 ;tCi/g, collected in the vicinity of 200 West,
resultedfrom higher than normal emissions thatoccurredduring November 11 and December 20
(HW-36505).
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Durin8 November and December, significant increases in the concentrationsof non-volatile beta
panicle emitters were observed on vegetation due to a source other than Hanford(HW-36505).

Vegetationsamples having concentrationsof 1-131greaterthan 5 x 10-6 _tCi/gcovered areas of
- 150 and60 squaremiles in November and _r, respectively. During October and the third

quarter,areasof less than 5 squgre_miles were covered. Off-site locations where the 1-131deposition
co__tions exceeded I x 10"s;tCi/g (the maxinmm acceptableat Hartford),were in regions of less

, than one squaremile duringeach month of the fourth quarter(HW-36505).

Average 1-131 depmitions from remote locations in Wmhinston andOregon duringthe fourth
quarterwere generally less than 3 x 10-6/_Ci/g, except for samples collected in Pullman, Rosalia,
Spangle, Harflngwn, and Rurdon (HW-34147 E, HW-36505). The maximum activity density for
1-131 from remote locations was 5.7 x 10-5 _Ci/g from a sample from Pullman(HW-36505).

The maximum activity density from non-volatile beta particleemitters during the fourthquarter
was 1.5 x 10-2/_Ci/g, from a smnple collected at the 200 West Area. The maximumconcentration
from a remote areawas 7.4 x 10"_/_Ci/8, collected in Dixie (HW-36505).

The deposition of alphaparticle emitters on vegetation increased during the fourthquarter,but
concentrationsare generally lower thanthose from earlier in the year. The maximum concentration
of 1.1 x 10-6/_Ci/ll was from a sample collected at the 200 West Area gatehouse. The maximum
concmtr_on observed from an outlyin8 areawas found in Richland, where the average for the
quarterwas 1.7 x 10--/_Ci/8 andthe maximum concentrationwas 4.5 x 10--/_tCi/g (HW-36505).
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Vegetation Radlonuclide Contamination Overview
for Hartford and Vicinity 1955

41b

Media Sampled

, During 1955, approximately I0,I00 vegetation samples were collected and analyzed for radio-
nuclide contamination. Over 7800 of these samples were obtainedfrom locations within the perimem"
ofHanfordreservationandtheadjoiningcommunitiesoftheTri-Cltyarea.Theremainderofthe
sampleswerecollectedfromremow locationsinWashington,Idaho,andOregon(I-IW-36506,HW-
38566,HW-39429,HW-40871).

Allvegetationsampleswereanalyzedfor1-131contamination.Inaddition,approximately5400
ofthesampleswereanalyzedfornon-volatilebetaparticleemittml.Also,about200samplesfrom
nine rap_ve locations in the Hanford areawere analyzed to d_ the activity density from
alphaparticle emitters (HW-_, HW-38.T_5,HW-39429, HW-40871).

SamldlnSLoeatlmm

_n samplinglocations included north of the 200 Areas, near the 200 Areas,
Rt. 3, 200 West Gate, Batch Plant, Meteorology Tower, south of the 200 Areas, Richland, Pasco
Environs, Kennewick Environs, Bemon City-Kiona, Richland "Y', Hanford, 200 East Area, 200
West Area-RedoxArea, Wahluke Slope, Ooose Egg Hill, RattlesnakeMountain, PSN-50-51-61,
Redox Construction, Pasco to Ringold, Prosaer to Patersonto McNary, EasternWashington, and
SouthernWashingwn-NorthernOregon(HW-_, HW-38566,HW-39429,HW-40871).

Duringthefirstquarter,off-siteremotelocationswerefurtherbrokendown intoindividual
towns to _ Wallula, Toud_, Lowden, Walla Walla, Dixie, Waitsburg,Dayton, Pomeroy,
Lewiston, Uniontown, Pullman, Colfax, Steptoe, Rosalia, Spangle, Spokane, Cheney, Reardon,
Davenport, Harrington,Sprague, Ritzvflle, Lind, ConneIl, Moxee City, Union Gap, Wapato,
Toppeniah, Toppadah to Guldendale, Goldendale, Goldendaleto Wishram,Lyle, Bingen, Camas,
Vancouver, Portland, Troutdale, Bonneville, Hood River, The Dalles, Moody, Rufus, Bialock,
Arlington, Happner Junction,andBoardman(I-IW-36506).

Durinlg the second quarter,the off-site remote locations were also broken down into individual
towns. These includedthose listed during the first quarterstudy, as well as 5 miles east of
W_ttsburg, Sprque to Ritzville, Harr_n to Sprague, Delaney, Dodge, Central Ferry, 5 miles
nor_ ofCentralFerry,Dusty,Thornton,Plaza,Deepcreek,Telford,Crmton,Wilbur, Almira,

" 10 miles west of Almira, Coniee City, 12 miles from Coulee City, Soap Lake, Stratford,Stratfordto
Odessa, Odessa, and Lmnona 01W-38566).

., There were no individual towns listed for the third and fourth quartersof 1955 (HW-39429,
HW-40871).
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Vesetstionsamplesanalyzedforalphaparticleemitterswerecollectedfromthe 200 West
Ostehouse,BatchPiton,lb. 4S Mile4, MeteorologyTower,Rt. 4S Mile6, 300 Area,Richland,
Pasco, andBentonCity (HW-36506,HW-38566,HW-39429,HW.40871).

4

Slplflcant Events_mlMlon Quantities

The averagedaily1-131emission_ theseparationfacilitiesduringthefirstquarterof 1955 ,
was 7.9 curiesperday. Ummmllyhigh_ions of 92 and70 curiesperday occurredon March17
and18, respectively,fromthe T-Plant. A maxtnaunemissionof 17curiesperday occurredon

8 fromthe&.Plantstack(HW-36506).
6

Total1-131emissionsfromtheseparationfacilitiesstacksaveraged2.3 curiesper day durin8 the
saamd _ of 1955. A sm,v,tmun _ion of 18 curiesperday occurredon _ 26 fromthe
S-Plantstack. Tae maximumemissionfromtheT-Plaatstackwas 14 _es per dayandoccurredon
April7, 1955(HW-38_,e).

April, off-siteconlaminttionfrom non-volatilebeta_cie emittersinc_ due to a
nuclesr_natton (HW-3_).

_, an_ in radioindi_cow.am'afiomwas observedin the innnattatevicinity
J _ of the_ Atomic_ Operationfacilities. Thepresenceof 1-133and1-135
revealed_ thedepositiono_ fromoff-altenucleardetonations(HW-38566).

TheaverNle1-131emissionsfromtheseparationfacilitiesduringthethirdquarterwas 1.7 curies
per day. A maximumantuinn of 8.2 curiesperday occurredon August26 and27 fromthe T-Plant
stack. The nLxinUn antuton fromthe S-Wantstackwas 6.8 curiesperday on September22, 1955
(Hw.39429).

AverNle1-131mduiom decreasedto 1.0 curiesperday duringthe fourthquarter. The
mmdnnnn_ion wu 3.8 curiesperday _ theT-Plantstack.Themaximumemissionfromthe
S-Plantstackwas 2.5 curiesperday (HW.40ST1).

December,nucleardato_ion falloutresultedin an increasein non-volatilebetaparticle
(Hw.4os71).

Coml/tuents Measured/Reperted

Analysisresults for theactivitydensitiesof 1-131andnon-volatilebetaparticleemitterswere
_rted in tableform in unitsof 10"e_Ci/g. Resultsfor alphaemitterswerereportedin unitsof 10.8 "
/_Ci/ll(HW-36506,HW-38566,HW-39429,HW.40871).

thefirstquarterof 1955,the averagedepositionof 1-131increased,with the most "
extensivecontamismton_ in March,dueto thehigh emissionsfromthe separationareas.
Thenmmhlyaverageactivitydensityfromradioiodineon vegetationexceededthe maximum
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rx.ept_le at Hgnford(1 x l0 s t_Ci/g)over areas of approximately20 and250 squaremiles off the
project duringJanuaryand March, respectively. The nmximum1.131 concentrationof 1.2 x 10.3
_Ci/8 was found in a smnple collected near the 200 West Gate on March 16 (HW-36506).

" Deposition maps for each month of the year were provided to tlhmtmtethe pattom of 1-131
contaminationdeposited on vegetation (HW-36506, HW-38566, HW-39429, HW-40871).

• Average 1-131 deposition in remote_ of Wuhington andOregon duringthe first quarterwas
_y at or leg than3 x 10.6 lsCl/g except at Rltzvilie, where the averagedeposition was 4 x 10.6
_Cl/g andthe mntnmm deposition was 13 x 10.6 _Ci/g (HW-36506).

Commination from non-volatUebeta pm_cle emitten found at most louttom during the first
remained at levels similar to the last cl_er of !9S4, with averages rangingfrom 4.0 x 10.7

 Ct/gat Boardn=nandLewtston,toS.3x 10",Ct/gatthe200West-Redox Area. Maximum
values rangedfrom 5.2 x 10"_#Cl/g at Born'dinahto 6.8 x l0 s t_Cl/g at Wahluke Slope (HW-36_$06).

Concemmflom of alphapm_cle emitters on vegetation were below I x 10.6 t_Ci/g at all locations
exceptfor at the 300 Area where a maximummeasurementof 3.4 x 104 _Cl/gwas observed in
Jammry. The source of this contamination was found to be uranium(HW-36S06).

During the second quarter, the co--ore of ntdioiodine decreased from one half to one
ninthof timav_ _ of the previous quarter,with the _t decline occurring in
June.Theaverageconcentrationatalllocations,excluding200WestGate,Rt. 3,200 Wmt-Redox
Area, andRedox Comtm_on, had decmm_d to less tl_ 3 x 10.6 _Ci/g by June. This decrease was
attributedto radioactivedecayandprecipitation (HW-38566).

DuringApril,off-altecomaminaflonfromnon.volatilebetaparticleemitterswaswidespreadand
ashighas7.2x 10.4/_Ci/ginEasternWaslduston(Creston),duetonucleartesting(HW.38566).

Du_ thesecondquarter,themaximum on-sitecomaminationfromnon-volatilebetaparticle
emitterswas 4.1 x 10.3 isCl/g found in a sample from the 20OEast Area in April (HW-38566).

quarteraverageconcentnttionsfor non-volatilebetaparticleemltten on vqetatton from
off-site locations ran_ from 4.9 x 10.5 t_Ci/gfrom a sample collected from Prosser-Paterson-

McNaryto 6.9 x 10"_Cl/g from a sample from EasternWul_on. On-site location averages
rangedfrom 6.7 x 10. _Ci/g at PSN-50-$1-61 to 1.8 x I0_ _tCi/g at the 200 West.Redox Area
(Hw-38).

The averagecow.emration for alphaparticle emitters from samples mllected from outlying
locations was less than 10 x 104 _Ci/g for the second qua_er. On-site averages nnged from < 10 x

" 104 _Ci/g at the 300 Area and Rt. 4S Mile 6 to 3.2 x 10-7 _Ci/g at the Meteorology Tower
(row38s ).

,, During the thirdquarter,averageconcentrationsof 1-131 decreasedsignificantly due to a
decrease in nucleardetonatione. Activity densities droppedto two-thirdsto o_er of the average
measure_xs from the previous quarter. Average measurementswere < 3 x I0"°_Ci/g at all
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lm0_Pltn8 locationsexceptfor at 200 West Arealocations. The mxinaan activitydensitywas 8.3 x
Ci/g froma samplecollectedatthe 200 WestGate(HW.39429).

Themwas a Ipam--'nldecreaseandreturnto normalvaluesin theavenge concentrationsof non-
vohttilebetapgrl_e mnit_rsatall locationsduringthethirdquarterdueto rainfallanddecay
(HW-39429).

Duringthethirdquarteraverageactivity¢_ities fromnon-volatilebetapanicle emitten from
mnples collectedon-site nnged from3.3 x 10"_#CI/gat the 200 West-RedoxAreato 8.9 x 10.5
_Ci/ll atthe 200 WestArea. Smnplesfromoff-sitelocationsnnged from.2.2 x 10s _Ci/g at
smstlmzWashinlF.on,nordzemOregonto 3.7 x I0"5t_Ci/8at BentonCity-Kiona(HW.39429).

Theavenge concentrationfor alphaparticleemittersdrainsthe thirdquarterwas < 10x 10-s
_Cl/g atall locationsexceptfor 200 WestGate,MeteorologyTower,andBatchPlant,where
avengm _ from2.1 x 10-7to 3.6 x 10.7 ttCi/8. Themaximumactivitydensitywas 9.3 x 10.7
IzCi/gfromtheMeteorologyTower(HW-39429).

Activitydemittesfor 1-131onvegetationremainedlow duringthefourthquarter.All off-site
locationshadavenge depositionsof < 3 x 104 _Ci/g. A maximumoff-sitemeasurememof 1.8 x
IOs_Cl/gwasumpledhumtheKennswi_environsinDemnber(HW-40871,HW-40692E).

Averajeactivitydemttiesfor 1-131fromon-sitelocation dudns the fourthquarterwere < 3 x
10"6_Ci/s at all locationsexceptfor PSN-50.S1-61,MeteorologyTower,Rt. 3, andthe 200 West
Areas. A maxhmnncom:entntionof 1.0 x 10.4/_Ci/g was foundin a samplecollectedatthe
200 WestGatein Novmsber(HW-40871).

DudngOctoberandNovemberconcentrationfromran-volatilebetaparticleemittersremained
low. In _, extensivebombfalloutinc,,easedthe averageconcemnfiom twoto threetimes
overdam of the prevlommonths. Themaximumoff-sitecow,emntions of 4.5 x 10.4 _Ci/g occurred
in smnplmfrommuthemWashing.onsad nordamtOrellon. Themaximumon-siteconcentrationwas
8.6 x 10-4 ltCl/ghornthe 200 WestAreain November(HW-40871).

Theconcemrattomof alphaparticleemittersincreasedsllpdflcantlyduringthefourthquarter.
WhileoutlyingareasgemnIly sdll averaged< I0 x 10"41t_Ci/g,on-siteareasavenqleas high as 1.7 x
104 _Ci/g. A _ mmmsrmnmnof 3.1 x 104 tzCi/gwas foundatthe200 WestGate
(IIw.4o_D.

Fissionproducts are the mmtpotentlaUyhazardousOoupofradioactivematerialsavailableto
contaminatefood,:raps.Cropsmaybeconmnlnatedbydirectfalloutontheplant,orsoil
contamination,withtheproductsbeingabsorbedintotheplants(HW-36734).

Soil contamination,withoutsuccessivefalloutsthatcouldcausefissionbuild-up,would
eventuallydecayand/orbe absorbedselectivelyby plants,resultingin successivecropshaving
decreasingexpmures(HW-36734).
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Thesisniflcantfissionproductsthatwill be absorbedby plantsincludeisotopesof strontium,
barium,i_, and, in certainsofttypes,cesium.Takin8intoconsiderationthehalf-life,percentage
¢mnpositionin a naturalmixtureof fissionproducts,and the potentialeffecton animals,the strontium

m themot impomat(HW-36734).

Kxpcrlmm_on has _wn thatthe "provlslomlvegetation¢o_ton limit"of 104/_Ci of
1-131/8b safe for _ animals. Thepermlutblelimit forhmmm is 30 mremto the thyroid

, 81sndperweek. Withvesetationlevels of 10.5/_Ci/$,thispermitsa daily intakeof 2 quartsof cows
milkor I 1/3 lbs. of gardenproduce. Studieshaveshown,to keeptheareavesetationatthe
proposedlimit, thedally releasesof i-131 mustbe aboutone curieor less. A variationof 10 curies
perweekwithhoemorethan3 curiesperdaywas alsoproposed(HW-39073).
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Vegetation Radionuclide Contamination Overview
for Hartford and Vicinity 1956

MeSaSml ed
• _ 1956, ova" 10,100 vegetation samples were collected andanalyzed for radlonuclide

contamination. Over 7900 of these samples were obtainedfrom locations within the perimeter of the
Hmford project andthe adjoiningcommunitim of the Tri..Cityarea. 'I'neremainderof the samples
were collected from _ locatlom in southm_ andeastern Wuhin._mn and northernOregon (HW-
43012, HW-44215, _-46726, HW48374).

All re.on _imens collected ware 8nal_ for 1-131. In addition, approximately5400 of
L the mnples were analyzed for non-volatile beta particle emitters. Also, 200 samples from selected
i locstiom were saal_ to detmnin8 the activity density from alpha particle emitters (HW-43012,

HW-44215, HW-46726, HW-48374).

Lomeem
vesmtion mmmplinSlocations included 200 WmtAma, 200 Wmt-bdox, 200 West

_, _. 3, Mmeomlolly Toww, _ Pt_ _ East Area, near the 200 Arms, northof the
_, south of the 200 Areas, PSN._Y-51-61, Ooose EU Hill, WahiukeSlope, Pasco to

Riotpld, P..tchl_, BmMIonClty-Kiomt,gennewick Environs, P_ Environs, Pmss_ to Paterson to
McNary, EasternWmhlnl_n, andSouthernWMhtngmn/NorthernOreson. In addition, duringthe
tint quar_of 1956vesaeionfrom__ Mountainwmsampled.Duringthefinalthree

oftheyearvesetationfromRichland"Y"and200East-Purexwassampled(HW-43012,
HW.44215, HW-46726, HW-48374).

V_ samples mmlyz_ for alpha pmq_..lemnittm'swin1 collected from 200 West Gate,
Metmmlosy Tower, B8_ Plant, Rt. 4S-Mile 4, Rt. 4S-Mile 6,_, and Benton City._ the

' _ _ samples were also collected from the 300 Area and lUchland(HW-43012, HW-44215,
HW.46726, HW_374).

o

Slplnmnt iCvems/KmladonQuantities

The total sv_ 1-13! _ion from S-Plant, T-PI_ and Semi-Worksstacks was 0.24 curies
,, per day during the _ _ of 1956. Approximately90% of this 1-131came from the S-Plant

stack, when the quarterlyavefalle and msximum were 0,22 and 1.36 curies per day, respectively
(HW430t2).

" 1_ _ first q,.tsrter,1-131emissions from the T-Plant decreasedsignificantly due to shut
down, remdtinllin an _ daffy emission of less than 4 x i0 "3curies per day (HW-43012).
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lodine-131 emissions from the Semi-Worksstacks increased duringMarch, resulting in a
nmximumand average emission of 0.46 and 0.039 curies per day, respectively (HW-43012).

During late March, an incresse in radioiodinedeposition on vegetation was noted as a result of
tmclear fallout (HW430i2). _"

Tim average daily 1-131 emissions from the A-Plant, S-Plant, and Semi-Worksstacks for the
second quarterwas 2.0 curies per day, a silpfiflcant increase over thatof the previous quarter. ,
Approximately60_ of the emissions came from the A-Plant stack, where the quarterlyaverage and
maxinaml were 1.2 and 26 curies per day, respectively (HW-44215).

A total of 61 curies of 1-131 was emitted from the A-Plant stark during the seven day period
from June 20 to June 27 (HW-4421S).

April andJune, significant increases in radioiodinedeposition on vegetation wasfound to
be as a result of nuclear bomb fallout (H -44215).

The total average1-131 emission from the A-Plant, S-Plant, andSemi-Works stacks was
0.28 curies per day during the third quarter. Approximately 80% of the 1-131 emissions came from
the A-Plant stack, where the quarterlyaverageand maximum were 0.23 and 1.6 curies per day,
respeaively (HW-4672_.

July a_ Aulpmt,deposition _ mr,lear bomb fallout caused increased radioiodineand
non-volatile beta pmtele emitter activities 0¢W-46726).

The averagedaily 1-131 emission from A-Plantand S-Plant stacks for the fourth quarterwas
1.5 amries_ day. (The Semi-Worksstack _ions were less than the detection limit due to
extended shutdown.) Tim maxilmnnemission of 23 t,_,riesper day came from the S-Plant stack,
where 52 curies were released duringa seven day period in December. The maximumemission from
tim A-Plant stack was 4.4 curies per day (H -48374).

ConstituentsMla, ed/Rerted

Analysis results for the activitydensities of 1-131 and non-volatile beta particle emitters were
reportedin table form in units of 10"e/_Ci/g. Results for alpha particle emitters were reportedin
units of 104/ACl/g (HW43012, HW-44215, HW-46726, HW..48374).

_ltion mumpsfor the momhs of JmmarythroughApril, June throughAugust, and December
were provided to illustrate the patternof 1-131 commination on vegetation. There was no significant
deposition durin8 the months of May, and SeptemberthroughNovember (HW43012, HW-44215, "
HW-46726, HW-48374).

the first quarter, the average 1-131deposition on vegetation was <3 x 10-6 pCi/g at all

sm_in8 Iocatiom., with the exception of _ to Paterson to McNary. A maximum measurement
of 4.8 x 10"_/_Ci/gwas found 10 miles south of Prosser on March22 (HW-43012, HW-41703).
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Significant concentrationsof non-volatile beta particle emitters were found throughoutthe first
quarterat all locations as a result of continuingbomb fallout. Off-site averageconcentrations ranged
from 8.2 x 10.5 _ttCi/gfor samples collected at Benton City-l_Aona,to 1.3 x 10-"_Ci/g, for samples
from southernWashington/northernOregon. The maximumoff-site non-volatile beta particleemitter

" activity density was 4.4 x 10-4 _Ci/g, collected in southern Washingto.n/northernOregon in March.
Average on-site non-volatile concentrationsranged from 8.6 x 10-_ _Ci/g, collected from Wahluke
Slope, to7.8 x 104 #Ci/8, collected at the 200 West Area. The maximum on-site measurementwas

• 1.4x 10-z_Ci/gsampledfromSouthofthe200Areas(I-I"W-43012).

The averageactivity density from alphap_. icle emitters for off-site locations duringthe first
quarterwas below the detection limit of I x 10"!_Ci/g. The maximum measurementwas 1.5 x 10.7
/sCi/8 from a sample collected at Pasco (HW43012).

The averageactivity d__ity from alpha particle emitters for on-site locations during the first

quarterranged from 2,0 x 10-7 IzCi/IJat .the300 Area to 2.4 x 10-6ttCi/8 at the 200 West sate. A
nmxilmanmelmn'mnea of 3.8 x 10-°/zCi/g was from a smnple collected at the 200 West gate
('rrw43012).

During the second quarter,averageon-site concentrationsof 1-131 ranged from (<3 to 5) x 10-6
/_C.i/g. Mtximun meammmmB ranged from 1.2 x 10-s izCi/8 at the Meteorology Tower to 7.3 x
10-_/zCi/8 _ samples collected near the 200 Areas
(HW.44215).

Average off-site 1-131concentrationfor the second quarterwas <3 x 10-6/zCi/g. Maximum
nmmtrmmB rangedfrom 1.3 x l0 s _Ci/g, collected from the Pasco Environs, to 3.4 x 10-s _Ci/g,
san_)ledfrom EasternWasldnston (HW-44215).

The nmximan nmmurmmg from non-volatile beta particle emitters found in samples from on-

site locations_ the second quarter,was 1.5 x 10-3 _Ci/g collected from the 200 West Area.
Average on-site non-volatile values rangedfrom 4.8 x 10-_ jtCi/g from samples from Goose Egg Hill,
to 1.7 x 10-4 ltCi/8 collected at the 200 West Area (HW-44215).

Average _ _ activity densities from non-volatile beta particle emitters for off-site
locations ranged _ 5.3 x 10"s_tCi/g from smnples collected from the Benton City-Kiormarea, to
1.2 x 104 _Ci/g collected from southernWashington/northernOregon. A maximum value of 1.8 x
10-3/zCi/g was found in a sample from southernWashington/northernOregon (HW-44215).

During the second quarter,all vegetation samples collected from off-site locations exhibited
alpha particleactivity demities of less than the detectablevalue of I x 10.7 _Ci/g (HW-44215).

" TIw maxtnmmon-site activity density from alpha panicle emitters during the second quarterwas
1.6 x 104 ;tCi/g collected at the Meteorology Tower. Average on-site measurementsranged from
1.8 x 10-7 izCi/g from Rt. 45, Mile 4, to 6.6 x 10-7/_Ci/g from the 200 West Gate (HW-44215).

Third quarterradioiodinedeposition on vegetation was primarilydue to nuclear fallout.
Mininaun amountsof 1-131 were deposited due to Hanfordsources (HW-46726).
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The maximum 1-131 _ for the third quarterwas 2.0 x 104 _tCi/8, which occurredon
July 10, and was found at Rt. 4S-Mile 20 (South of the 200 Areas). Off-site maximummeasurements

July ranged from 1 x 10.5 itCi/g from ulllplm collected in umthem Washinsmn/northem
_, to 1.5 x 104 _Ci/g, collected from the _ to Rinsold areaandeastern Washinston.
Depesition decreased as the thirdquarterprogressed, so thatby Septemberthe averagedeposition at
all locations, both on andoff the project, with the exception of Batch Plant, PSN-50-51-61, and
200 West Gate, was less than the detectable limit of 3 x 10.6 _Ci/8 (HW-46726).

6

Concmm'ations of non-volatile beta particle emitters on vegetation dufin8 the thirdquarterwere
due to nuclear bomb fallout, and graduallydecreased to near normal values by September

(HW-46726).

The maxbntnn on-site non-volatile beta particle deposition found on vegetation duringthe third
was 1.9 x l0 s IsCi/g, from a smnple colleaed at Goose Egg Hill in July. The maximum

off-site mmmmremmmtof 2.1 x 10-3#Ci/g was found in a sample collected from the Pasco mRinsold
resion(HW-46"r203.

Smiles mmlyzedfor non-volatile beta particle emitters duringJuly had averages ransing from
3.9 x 10--_ IsCi/g, collected from southernWashington/northernOregon, to 4.0 x 10"4pCi/g from the
Pure toRinsoMregion.BySeptmnber,averagevaluesrangedfrom4.5x IO--5l,Ci/g,collected
from sotalnm Washinlltoa/northernOregon, to 1.6 x 104/tCi/g from the 200 West Area
(HW-46726).

The averege conceatratiom of alphaparticle emitters on vegetation decreased during the third

quarter. On-site average activity,densities ranged from < 1 x 10"/_Ci/8 at the Meteorology Tower
andRt. 4S, Mile 6, to 1.4 x 10- _tCi/gat 200 West Gate andRt. 4S, Mile 4. The off-site averase
concentrationwas less than I x 10" _tCi/8. The maximumalphameasurmnentfor the quarterwas
2.7 x 10-7 _tCi/gfrom a munplecollected at the 200 Wmt Gate (HW-46726).

The avemse depmRion of 1-131on vegetation during Octoberand November was less than 3 x
10.6 IsCi/g at all muupdngIouttiom with the exception of 200 East-Purex. During December, off-site
concearations remainedat this level, while on-site concentrationsincreaseddue to the emissions from
the dmnical processing plant. Average on-site concmarationsin Decmnberranged from < 3 x 10.6
to 1.5 x 10-5/_Ci/g, with a maxinmmmeamttzmemof 1.6 x 10-4/tCi/g from south of the 200 Areas
(h'W-48374).

_om of non-volmflebetaparticleemitters.onvegetationremainedat low levels
thro_ the fourth quarter,with averages raxqp_ from 5.1 x 10"_/_Ci/gfrom smnples collected at
lhmco, to 1.4 x 104/aCi/g collected at 200 West-Redox. The maximumnon-volatile coIr2mtmtion
was 8.1 x 104 isCi/g, from a sample collected at WahlukeSlope (HW48374).

The averse concentrationof _ partkle emitters on vegetation remainedbelow the detection
limit of 1 x 10-'/a_i/g in off-site locations during the fou_h quarter,but nearly tripled in locations
nearthe chemical processing areas. The maximum alpha particle concentrationwas 1.2 x 1045ttCi/g
from a munplecollected at the 200 West Gate, and on-site averagesranged from less than 1 to 5.6 x
10-7 laCi/g(I-IW-48374).
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Vegetation RadionucHde Contamination Overview
for Hantord and Vicinity 1957

@

MedklSampled

* During thefirsthalfof1957, over5000vegetationsampleswerecollectedduringroutine
samplingandanaIFz_forradionuclidecontaining'on.Over4200ofthesesampleswerecollected
fromlocationswithinthe".perimeteroftheHanfordProjectandtheadjoiningcommunitiesoftheTri-
City area. The remsindw of the samples were collected from remote locations in Washingtonand
Omson (HW-51009,HW-52803).

Allofthe_on mnplescollectedduringthefirsthalfoftheyearwereanalyzedfor1-131
usinllwetcl_ techniques.Inaddition,2800ofthesampleswereanalyzedfornon-volatilebeta
particle emittea, a total betacount providing a gross mmaurememwith no radioisotopicspecies
idmti/kation. Eigl_ nmples from representativeIocatiom were analyzedfur alpha particle emitters
(I-IW-5I009,HW-52803).

Duringthesecondhalfof1957,a newtechniqueinvolvinggamma rayspectrometricanalysm
wasappliedtovelletst_ntesting.ThistechniquemisbledthequantitativeanalysesofI-I3I,
Ce-141/Ce-144/Pr-144,Zr/Nb-95,Ru-103/Ru-106,Ba/La-140,and"fissionproductsless1-131."
Cesium-137wasalto_ innmplesfromZoneB only(HW-$2038).Duringthethirdquarter,
duplicate sampling from several locations was done to compare the results from the new gamma
energy technique with the fornm' wet chemistry technique(I-IW-54841,HW-54913, HW-54842).

Starting in July, 1957, ten 15 gram vegetation samples were collected from each of twenty-five
zones. These mnples were then composited in the laboratoryinto one 150 gram sample per zone,
placedinto 9 ounce jars, andcounted on a 3 inch x 3 inch Nil crystal connectedto a 100 channel
gamma spectrometer. (There was a discrepancybetweea reportHW-54841 and reportHW-52038 as
to the smmmt of vegetation collected from each zone. The _ statedthat ten 1.50gram smnplm
were collated andcompmit_l into one 150 gram sample, while the latter stated thatten 15 gram
samples were collected r_d composited.) Approximately230 composite samples wore collected on
the project and260 coe_osile samples were collected from off-project areas in Washingtonand
Oregon during the second half of the year. Fifty 7.5gram vegetation samplm were analyzed for alpha
partkle emitters 01W-54841, HW-54842, HW-52038).

Several crops were analyzed in a special study to determine the effects of exposure to reactor
efflueat water on vegetation. Crops examined induded blackeyedpeas, tomate_, okra, string beans,
corn, grapes, pasture grass and barley. Concentrationsof radiozinc were reported(Davis et al.

" 1958).

A special studyto determine if Hanford contributesSr-90 to the environmentinvolved sampling
, from both on-site andoff-site locations.Grasses,sage,andcheatgrass(oldgrowthandnew)were

collected and analyzed(I-IW-SSI!7).
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Sampling locations

Routine vegetation sampling locations during the first half of 1957 consisted of on-project
locations including 200 West Area, 200 West-Redox, 200 West Gate, Rt. 3, Meteorology Tower,
Batch Plant, 200 Fast Area, 200 East-Purex, near the 200 Areas, north of the 200 Areas, south of the
200 Areas, PSN-f_}-$1-61, Goose Egg Hill, WahlukeSlope, and, during April andMay, Rattlesnake
Moumaln. Off-projectlocations inchaJedPasco to Ringold, Richland, Benton City-Kiona, Richland
"Y', Kennewick Envimm, Pasco Environs, Proeserto Paterson to McNary, EasternWashington, and •
Smnimn Washinston/NorthernOregon (HW-51009, HW-52803).

During the second half of 1957, vegetation samples were collected from twenty-five zones
eaumpmsing the HanfordProject, the surroundingcomnm_ties, andremote areas of Washington
mi Northern Oregon.Thesezoneswerethencombinedintosix group locations: SeparationsAreas
(zones A,B,C,D), Project (zones E,F,G,H,J), WahlukeSlope (zones O,P), Residential Areas (zones
I,K,L,M,N,Q),EasternWashington(zones R,S,T,U),andSouth-CenmdWashinlF,on/Nonhern
(kegon (zones V,W,X,Y). Individualtowns comprising the Residential Groupinclude RichlaM,
Pmco, Kennewick, Richland "Y',. Benton_ity-KioM, Proner to Patersonto McNary, and Ringold.
Towns in the Eutem Washington Group include Wallula, Touclm, Walla Walla, Dixie, Waltsburg,
Dayton, Pomemy, Lewiston, Uniomown, Pullman, Colfs.x, Rosalia, Spokane, Reardon, Davenport,
Harrinston, Spmpe, Ritzville, Lind, andConnell. Towns in the South-CentralWashington/Northern
Oregon Grm_ include Boardman,Arlington, Bialock, Celilo, The Dalles, Bonneville, Troutdale,
Portland, Vanm_.er, Cram, Stevenson, Bingen" Lyle, Gol_e, Goldendale to Lyle-Mile 10,
Toppmish, T_ to Gol_e-Miles 10, 20, and 30, Wapato, Union Gap, and Moxee
(HW-54841, HW-54842, HW-$2038).

Crops sampled as partof the study to determinethe effects of effluent water, were collected
from a farm approximately46 kilometers downstremnfrom the reactors, the closest farm utilizing
Columbia River waterfor irrigationpurpmm (Davis et al. 1958).

Vegetation samples analyzed for alphaparticle emitters were collected from 200 West Gate,
Meteorology Tower, Batch Plant, Rt. 4S-Mile 4, Rt. 4&.Mile 6, Pasta, andBenton City (I-IW-51009,
HW-52803, HW-54841, HW-54842).

Vegetation samples for the strontiumstudy were collected from Pnco to Ringold, Wahluke
Slope, Goose Egg Hill, Route 3, Route 2S, Route I0, Route 11A, M.P. Post #7, M.P. Post #14,
M.P. Post #22, T_, Toppenish to Goldendale-Mile30, Goldendale, Lyle, Vancouver, Camas,
The Dalles, Tnmtdale, Seaside, andHood River (HW-55117).

Significant Events/Emission Quantifies

The total average 1-131emission from the A-Plant andS-Plant stacks for the first quarterwas
1.4 curies per day. Approximately70 % of the 1-131 was emitted from the S-Plant stack, where the
maxinmmemission was 9.6 curies per day. The maximum emission from the A-Plant stack was "
3.0 curies per day (HW-51009).
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During the second quarter, the average1-131 emission from A-Plant andS-Plant stacks was
0.8 curies per day. Approximately80 percentof the 1-131 was emitted from the A-Plantstack,
where the avenge andmaximum measurementsfor the quarterwere 0.69 and 2.5 curies per day,
respectively. The maxinmm emission from the S-Plantstack was also 2.5 curies per day

" (HW.52S03).

During June, increases in radioiodineactivities andnon-volatile beta particle emitters were the
• result of bomb fallout from nuclear tests in Nevada (HW-52803, HW-52038).

The total average 1-131emission from A-Plant andS-Plant stacksfor the thirdquarterwas
1.0 curie per day. Approximately60_ of this 1-131 was emitted from the A-Plant stack, where the
mxinmm emission was 4.6 curies per day. The nmxinmmemission from the S-Plantstack was
2.1curiesperday(HW.54841).

Fourth quarter total average1-131 emission from A-Plant (Purex) and S-Plant (Redox) stacks
was 0.9 curies per day. Approximately60_ of the 1-131was emitted from the S-Plant stack, where
a maximum emission of 13 curies per day occurred in November. The max/nnnn emission from the
A-Ptm stack was 1.3 curies per day (HW-54842). (There was a discrepancy in this reportconcern-
ins the maximum emissions. The abstractstatedthat 60 percent of the 1-131 was emitted from the
A-Phmtstack. However, aftere0_ the table containin8 the actual measurements, one may
observe that 60_ of the emission actually originatedat the S-Plant stack.)

Nucleartesting resulted in significant increases in 1-131 and "Fission Productsless 1-131"during
October(HW-54842).

Constituents Measured/Relmrted

Analysis results were reportedin table form in units of 10.6 _tCi/g, with the exception of alpha
particle emitter results, which were reportedin units of 10"7_Ci/g (HW-51009, HW-52803,
HW-54841, HW-54842, Healy et al. 1958).

Early use of 8anam ray spectrmcopy techniquesfor vegetation analysis indicatedthat the wet
chemistry tw.hniquesbeing used for 1-131 determinationsyielded results that were low by a factor of
three. As a result, all positive 1-131vegetation results for the first andsecond quartersof 1957 were
multiplied by three, giving increased quarterlyaverages when comparedto previous results
(HW-51009, HW-52803). Later e_mparisonsof 1-131 measurementsobtainedfrom gamma
specmmcopy techniquesand wet chemistry techniquesrevealed that results obtainedfrom the gmnma
spectroscopy method averageda factorof 1.6 times those obtainedwith the wet chemistry technique

, (HW-54841).

"Local limits permit the emission of I0 curies per week of iodine-131" (Healy et al. 1958).

" The averase 1-131_ition from off-site locations during the first quarterwas at or below the
detectable limit of 3 x 10"e#Ci/g, with the exception of Richland "Y", where the avenge was 4 x
10.6/_Ci/g. The maximumdeposition was 2.2 x 10.5 #Ci/g, collected from the Kennewick Environs
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andPasco to Rinsoid. On-site averagedeposition rangedfrom less than 3 x 104/tel/8, from
samples collected from North of the 200 Areas, to 2.0 x 10.5/tCi/g, from samples collected at 20C
West-Redox. The maximum on-site measurementwas 2.8 x 10.4/tCi/8, collected from Goose Egg
Hill (HW-$1009).

O

The off-project limit for 1-131 on vegetation is 1 x 10-5_Ci/g (HW-52038).

Non-volatile beta particleemitters reatainedat low levels throughoutthe first quarter. The
avetalle off-site measm'ementsranged from 6.0 x 10"s/_Ci/ll, from samples collected from Benton

City-Kiom, to 9.8 x IOs pC i/g, from samples collected in EasternWashington. The ,n_. imum
was 1.25 x 10"J/_Ci/8, sampled In EasternWashington. On-site non-volatile values

from 6.0 x lO s #Ci/g, collected from PSN-50.$1.61 andOome Egg Hill, to 1.1 x 104
_Ci/ll, collected from 200 East Area, 200 West Area, and 200 West-Redox. The maximum on-site
measmmxvt was 7.6 x i0 4 _tCi/g, sampled from North of the 200 Areas (HW-$1009).

During the first quarterthe average concemxationof alphaparticleunittera near the Chemical
Proceming Areu doubled over that of theprevious quarter,with an averagevalue of $.9 x 10.7
/tCi/8. The _ value of 2.5 x 10.6/tOt/8 was collected at the 200 West Gate. Increases were
also noted in off4ite locations, where a maximum nmsumamt of 2.7 x 10.7 _Ci/g was obtained
from a sample collected at Pasco (HW-51009).

During April andMay, off-site average 1-131 values were less than 3 x 10.6/tCi/g at all
locatiom, with the exception of the Pasco to Ringold area, where the average measurementwas 5 x
10-5/tCi/g. Off-site averap 1-131 measurementsfor June ranged from 1.0 x 10.5/tCi/g, sampled
from EasternWas_n, to 4.6 x 10"s_Ci/g, collected at Rlchland. The maximummeasunmwm
for June was 2.1 x 10"4/tCi/g, collected from Richlandand the Pasco to Rinsold area(HW-52038).

Average 1-131values on vegetation samples collected on-site duringthe second quarter
decreased from $ x 10.6 _Ci/lg duringApril, to 3 x 10.6/_Ci/lgduringMay. June's average1-131
increased to 4.9 x 10-5 _Ci/g, due to nuclearfallout. The maximumon-site measurementwas 2.28 x
10.3/zCi/g, from a sample collected from near the 200 Areas (HW-52803).

On-site non-volatile averase values ransed from 5.4 to 25 x 10-5 _Ci/lg for the month of April.

May's tue_ decreased, ranging from 6.4 to 13 x 10-5 _tCi/g. During the n_.nth of June,
averagenon-volatile activity densities ranged from 2.7 to 4.8 x 10.4 _Ci/8. The maxanum on-site
value was 4.03 x 10-3 _Ci/g, collected from near the 200 Areas (HW-$2803).

Non-volatile averageoff-site activities for the month of April ransed from 3.4 x 10.5 _tCi/g from
samples collected at Benton City-lrdona,to 1.2 x 104 ttCi/g, collected from EasternWashington.
May average values decreased, with measurementsranging from 3.5 to 7.1 x 10-5 _Ci/g. June's
nuclear fallout resulted in an increased averages, ranging from 1.5 to 5 x 10.4 _Ci/g. The maximum °
off-site non-volatile measurement for the quarter was 1.16 x 10.3 _Ci/g, collected from the Pasco to
Ringold location (HW-52803).

dr*

4O



1957

June, ntdiolodine values on vegetation increased by a factorof !0 and non-volatile beta
_cle emittervalues exhibited a three-fold increase, due to nuclear testing in Nevada (HW-52803).

The use of alpha scintillationcounting in April resulted in a new alpha particle detectionlimit
• of3x 1o4 _1/8, replacingtheoldlimitof I x I0-.4I,Ci/s(HW-52803).

The averqe activity density from alphapatti,cle emitmrsfor the second quarterfor maples
, collected from off-site locations was <0.3 x 10"1_Cl/ll, with a maximummeasurementof 0.5 x 10.7

_J/s..on-,_ ,verqmrnsedgroin0.8x t_7_,Ci/s.from,nn_pleconectedat_. 4,5,Mac6, to
12 x 10"r pC_8 _ _i_ collected at the 200 West Gate. The _ on-site alpha value was5.5 x 10.° _Ci/8, from a sample collected at the 200 West Gate (HW 52803).

In em'ly1957, Sr-90 analysis of vegetation 7s_les indicated an averageon-site value of I x 10.7
_Ci/8. Perhneterarea samples averat_ 0.3 x 10. _Ci/g, and samples collected from long distances
(60 to 250 Inn from the project)tveragad 2 x 10.7 _tCi/$(Hesly et 81. 1958).

DelmLtion nap8 tllmuath_ the proem of 1-131comaminaflondepmlted on vegetation were
worldS. _ depictinljresults obtainedfrom wet chemi.-tryanalyses were furnishedfor the
namtlN of Januarythrtm_ July. _ltion ma_ showing radioiodine contaminationresults oMait_
from 8aromasl_ctr_Mtry te_ were provided for the monthsof July throush December
(HW-_1841oHW-$2803, HW-51009, HW-54842).

in July, 1957, _ spectl_lcopy _ were applied to vegetation analyses.
Pmvtmmwet chemistry nmlmds involved the lew.hing of the 1-131 from a vegetation sample with a
hot, dilum HNO3 solution, followed by a carder precipitationof 1-131 as saver iodide. The 1-131
.wasthen memned by beta _. This _ sometimes gave low and erraticyields, occasional
cotamninationfrom other fallout radioisotopes, andlow sensitivity. The non-volatile analysis, or
"totalbeta," only provided a 8rim _, with no informationas to the radioisotopicspecies
being nmmm_. The gammaspecumcopy tw.hniqueha8enabled the quantitativeanalyses of 1-131,
Ce-141/144, Ru-103/106, Zr/Nb-9S, and Ba/La-140 (HW-54913).

Du_ the thirdquarter, the eve.ralge.1-131 and Fission Products less 1-131activity densities on
vegetationdecreased at all sampling locations. Iodine-131 values were less than 1.5 x 10"°._Ci/gat
all locations with the exception of the SeparationAreas, where 2.7 x 10"e_Ci/8 was"recorded
(HW-54841).

During the thirdquarter, the averagealpha particleemitter activity density increasedby a factor
of 2 at locations near the SeparationAreas. The quarterlyaverse ranged from 1.9 x 10.7 _CI/g
from samples collected at the Meteorology Tower, to 2.7 x 104, _Ci/g, collected at the 200 West
Gate. The maximummmanrmma of 5.7 x 10"e_Ci/g was sampled from the 200 West Gate. Off-

" site alpha measurementsaveraged0.3 x 10.7 _i/g, with a maximumvalue of 0.6 x 10.7 ttCi/g,
collected from Benton City (HW-54841).

. Mmmremmts for Fission Products less 1-131 for the thirdquarterranged from 1.6 x 10.5
_Ci/g, from umples collected in south/centralWashington and northernOregon, to 1.1 x 10.4 _tCi/g,
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collected_om the SeparationAreas. ValuesFor_ Washinjtonandthe ResidentialAreaswere
3.7 x iOs #Ci/ll and3.1 x 105 _,Ci/g,rmpe_vely (HW-548,?.I).

ThirdquartervahsmforZr/Nb-95ranjedfrom6 x 10"_tsCi/gfrommusplescollectedfrom
south/centralWash_ andnonlmmOregon,to 2.9 x 10-5 FCI/g,bornsamplescollectedat the ,
sepamionArms(nW.S484_).

1ha-103/106vMuesmnjedfrmn <2 x 10"#tsCt/gto 8.3 x i0"#_,Ci/gdurinj the thirdquarter, ,
whileBs/Ls-140_ mnjedfrom2.8 x 104 IsCi/8to 9.0 x 10.6 !sCl/8. Ce..141/144valuesranged
from6.7x 104 _,Ct/8to S.6 x l0 s _,Ci/II(HW-S484i).

Iodine-13!delmeitt_ on _ lncmmedby t factorof alnmt 10 throushoutthePacific
Northwestin Octoberu t resultof nuclesrbombfallout. Fission Productsless 1-131lncreuedby a
b:mr of 3. Normalvaluu returnedby November(HW-54842).

Duri_ the fourthqusrmr,sverajeI-IS1depmittonrmql_ fromS.3 x 10"_#Ci/g, frommnples
cMlemi in stash/ram1 Wuldupou andnorttmmOmson, to 1.2 x 10"s _,Ci/8,frommunplm
collectat in theSe_ Arms. ValuesbranN_uJternWuhinsmnavenged 6.8 x 10"#l,Ci/g
row,s4842).

Hish 1-131mnimimnfromtheS-Piam_) in Novanberremdtedin increaseddepositionon
vesemlonIntheP.mtdemUdArms,wtmmthe_ depmitionvnm3.ox 1o"s_,cJ/8from
mnplm collecledst BemonCitymd RIcMaml.Timqum_ly svenqleforthe ResidentialAreu was
1.ox lOs_cu8 (Hw.s4842).

• Averagealphaparflde emitter activitydensities increasedup to a factor of 6 at locationsnear the
Sqwm_u Armsdurln8thefourthqumu. A maximunmusuremu of1.1x 10"s_C_8wu
obudnedfromtunq_le_ the200WestGate.Averqevaluesrangedfrom5.3x 10-'to5.4x
10"_IsCi/8. A five-foldIm:ruueoccurredInvein sampledfrmnthermldenttalareas,wherea
maxhnmnmeamremmt of 3.3 x 10-7 #CJ/8WaSfound. Averagevalueswere 1.3 x 10.7 _,Cl/gand
1.6 x 10.7FCl/g for BentonCity andPasco, respectively(HW-_1842).

for "FlssionProdm_ Less1-131"for the fourthquarter.rangedfrom 1.32 x 10-4
FCl/g from8mnplescollectedfromWahlukeSlope,to 2.45 x 10-4_Ci/g fromsamplescollectedat
theSeparationAreas. Valuesfor theResidentialAreas,EasternWuhlnston, andSouth/Central
Wuhinlpan*NorthernOregonwere 1.78x I0-4, 1.82 x I0"4,and1.35 x 10-4#Ci/g, respectively
HW-_,842).

Fourth quarter Zr/Nb-9$ valutarangedfrom2.1 x 10-5 to $.1 x 10-5 ItCi/g, whileRu-103/106
mmmurementsrmqledfrom8.1 x 10'_5to 5.2x l0 s #Ci/g (HW-54842).

It

Batik140 meesurememforthefourthquarterransedfrom2.0 x 10-5#Ci/gfrom
ssmplescollected8tWthlukeSlope,to 3.9x 10-5FCi/g,fromsan_le8collectedin Eastern
Washln_on. ValuesfromtheResidentialAreasaverased3.8 x 10s_Cl/gfor these isotopes
(Hw-s4842).
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Cerhnn-i41/144vahm forthefomthq_mrterraqedfrom6.4x IOs_Cl/8fromunq)les
collectedfromWahiulmSlope,toI.16x IO4 _,Ci/8fromsmnplmcollectedintheSeparationAreas.
Mesmummnu from South/CmrMWsahtnjton-NorthemOreson,theResidmztMAreu, andEastern
Wmhtnstonwere1.01 x I0"4,9.6 x 10_, and8.6 x l0 s _Ci/8, respectively(HW-54842).

dP

RmdU reportedfrmn the special St-90 studyrevealedthatthedepositionft_m Hartfordsources
was notmmmm'M_above thatwhichoflstmtal frmnraciest bism. On4ite Sr-g0vMuesranjed

, hun 0.05 _nCq/8of samplecollectedttom Wahlub Slope,to 1,33 _q_Yll of unq_le,collectedfrom
Route3. Off41tevMummnsedhun 0.24 _,_CY8of mlple, collectedhun Seaside,Orellon,to
1.27pv_v8ofmnplecoUectederomCram, Wuhinsmn(I_W-SS117).

Tin smxhlm moathlyavenqle1-131valuestor 1957were18 x 104 _,Ci/8, fromon-sitein
lure.16x 10_ _CI/8,tirompeinnmrloczttominOctober,and16x I04 _Cl/8,fromIonsd_
(60-250km/40-150mtlm), in October(HW.8g0_, HeMyet M. 1958).

Ommxmmy qlec_ mmhod,havemadeit possibleto mesmul1-131witha sensitivityof
,ban I x 104 _i/8 ona 1508ran staple usln8a 3 inchx 3 inch Nti ('lq),clmillattonspecu'om-
ew. By dmddlnjthe8anqdesize anduslsqla 3 Inchx 5 Inchcr35ml,semitlvltycould be Improved
bysfmm'of2to3. Tldsmmsltlvltyis a I0 to !$ fold incrwseovertheorlslsmlwet cheadstry
technique.Dlmm-_nmutjmto thelarser8mnpletechnkpmarelow resoiutlonandabouttwicetheback-
smn_ coua_ raw(HW-S491S).

Pmdiozlncwas fmuzlpra_ in all fromproducemnpled fromthe cloturehnn utilizin8
ColumMalfi_r wa_ for frrls,_ purposes,approxfm_ly 46 km do_ fromthe reactors.
Theaccunmlationof Zn-65is usocistal withimlong half.iifuandto the mmralzincdeflclmscyof
thesoft in whichthe crolmwerefp'own. Smallmmmmsof Cr-51tnd Sc-46weretlso foundin a few
of thevesetationsamples(Daviset al. 1958).

Pasturu8ramexhibltedhlsbw conmmtrm_nsofa_tamlnaSDdueto the fact that the land is
irflptal _ routinefloodins,mtlmrtlumrills. Theradiozincconcem_on foundin thepumre
8rub was 8.29 x i0 s _Ci/8 (Daviset al. 19_8).

Co_orm of Zn-6$foundin blaclmyedpeas, tomatmul,andokra,were_5.49x 10"7,4.$8 x
10.7, md 3.94 x 10.7 _Ci/8, respectively. Concentrationsin stringbeam, corn, andgrspeswere
2.9 x 10"7,1.56x 10"_,and8.9 x 10"e_Ct/8, rupectively(Daviset M. 1958).

Cropsof barleyBrownin the rune plou, irrtBatedwithundilutedreactoreffluentsForsix years,
andrmeedalwith8rainhtrvestedhun theplou, htve shownno effectsfromtheradioisotopeson the
product!vityof thecropor 8ennimtionof theflrain(Daviset al. 1958).

o
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Vesetstion Rsdionuclide Contamination Overview
for Hantord and Vicinity 1958

O

MentStupid
• v_ umpllnswaspmCmmsdw_Jy tomommyframmas inandarmu_theHartford

project. _xctum, princtpelly8rmm msdsqebrush, wm cmsq_lted Intoone 1508run munpl®,
psckndIntoa 9.ounNju, thenmmlFJt with, 2.q6-chamml8mmna-rayspectrometer.Specific
Ismeplc_ wu'u _ _ the_ ratm_ _ applylnjco--on
vmh]mfor ,cmtmri_madmmml beeklrmnd(HW-61676,Soldat1960).

Crop,msqde8weremmlFmdfor E-40, Cr-$1.Zn-_, Zr/Nb*95,1.131.C8-137,Bo/L_I40, taxi
Ce..14t/144. p__t mmhodsmt betacmmi_ wereusedto determinem'outhnncontent.
CnV,coUeaaJisr.ludedpmmm,am'oa,tmnmm,oniom,,qursh,Snmbetm._.
wmem,lm,susarbern,pinky,corn,,prtcm,peedm,initiate, 8rqm.tnd,l_h. Sixtoten
pared_ otetchcropwee_ (J[w4t676).

A speclMsiudy was dramto _ tlmradlolmu_Ic_ foundIn_ vurms
uMmnmdci_ fieldsInMay, 19S& Onesquarenmmrplotsweresan_l_l andanalyslsresults
forC,.I,_., _I06, Zr/Nb-_, audMn-_ wm repomM.Timclmqlmu was clIplMMat Smund
Im_ and_ __ wm nmdeuslnlla 2.q6chan_ llamm*myspecm_war.
VMum8wereco_ for _, portrait, tnlm'fenmcerm:llatton,and forradioactivedecay to
timeof collection(HW.69500).

SmupnusLoam

Rmlhmv_ _ Iomliomwerefoumtin 27 Ileol_cal zonmlnand aroundthe
projectandIn Bumm WuMnpon sad NorthernOreson(HW-61676).

Twmy-elMucropmnplm werecollectedfromtheRlvervlewdistrict,whicht, ir_ated by
ColmnblaRiverwatercont_ Hartfordeftlumls. Sevensampleswerecollectedin the PLaley
district,whichIs lrrisatedualn8YakinmRiverwater,andnineumpire werecollecuzlfromWails
WMIt,whichInnot lnflumr,ed by Hanfordproductions(HW-61676).

Theumple site for thecampm'imnstudyof burnedandunburned8mu fields was locatedon the
edse of theHartfordrmervattouat thebaseof IbuxlesmkeMountain(HW-69500).

41

SisMflcautEvents/EmlsMonQuantities

* The tverap mniutom fromthe_om Plantstacksfor 1958were: (HW-61676,Soldat
tgeo).

45



1958

1-151 1.2

RIB_Y 0.02 •
Nb.9 0.01
Zr-_ 0.004
Ru-103 0.0O4 °
$r..89 0.0035

Sr.._) 0.0005

mr.lmrdmmsiom tl_ 1958etfmed the _om of rsdioisotopm
obmrv_ (HW41670").

ported
Loal limimrestrictthe1-131emiuion ra_ f_'cmtheSeperstiomPlantrocks to 10 curimpar

wink(Soldm19_).

lodil_131 is emittsdfSromlho _peratice8 Phut 8twJmin s pNous form, whiletheother
mdio_ emiaaf an, uaodmal withpantadm _ (Sokht 19(50).

Thepdmm of depositionfor 1-131andtmneJpha_perticulatmweremuured by pefformin8

proms _atillation _. Wlm ummJ _ _ wu detecwd,morndmiled mrveyn
and.uppkmmd_ _ couklbe_ 0rW4167_).

The_ com_ulrMioaof 1-131fromrumplescoHecmiontheHax_rdreservationwas4.8 x
io4 _cu8 _r _9s8. Who_ __ for.,nV_ conected_ _ _nntper_emr,rid

areas 40 to 140_ _ the Hartfordplatowere2.5 x I0_ and3.0 x I0"°_Ci/g, respe_,ively"
(HW4t_76).

TIm_ avm's_ _ of "oihat IPmmmemium" fixsmumpire collectedon-sitewas
1.4x lO_:l/S. Theavmp_,madom for_ collea_ fromtheplam_ and
from areu 40 to 140miles from Hmford were0.9 x 10.4 and1.0x 10"4_i/8, respectively
(HW41_'76_.

gp

Durtnli1958,theaveragealphapau_cieactivitydensitywas6.0 x 10"v_Ci/$ fromvesetation
mnplmobUtmlon.site.Anaverqememmmmtof 0.7 x 10.7pCi/8wasobtainedfrommnplea
collectedfromtheplantperime_(HW.,61676).

ak,

P_esults_ in theanalysesof variouscropscollectedfromRlverview,WallaWalla,and
Ptnley_, withtheexceptionof Zn-6.q,dm,e is no sisniflcantdiffermr_in isotopiccontent

46



1958
t

bmwomloaditim. _ wasfoundin_ concmm_omin thecropstrriptedwithColumbia
River warn. The tVmXlleconaar_on from Riverview crops was 1.8 x 10.' _Cl/g while the

_ from Finley tuldWails Wails were 0.49 x 10.7 _Cl/8 _ 0.89 x 10.7 _Cl/8,
mpeatv v.6167.

O

The avemse conemmmstomof 1-131found in crop mnples from Riverview, Finley, and Wails
Walls warn2.1 x 10.7, 1.8 x 107, and 1.6 x i0 -7 isCt/s, respectively CrlW-61676).

O

The isotopic _.ztom observed in mnplu from Walls Wails were due to nuclear weapons
fidlmz,mdmrtbauHuford amucm(HW41676).

The av_ $r.419conceatr_om fmu_ in cro_ smnplm from Rlvm'view,Finizy, andWails
Wails were 0.27 x i0 "7,0.1 x 10.7, and 0.1i x 1_ u _Ci/If, respectively. The nvmp Sr-90
conuUnM_ was O.(Mx 10"7_Ci/$ from all three areas (HW-61676).

ksula CCml_ thebun_ and_ inss fieldsimlica_ tl_ in all cure _
coa_ullom of'_tdm werebumlintheunbun_ plots. Thiswasattributedtothepn_w.e
of dmd wpUZ_ _ one or mornpmvtom yem. The burnedarea had all pnwtom exposure
demoyed by the fire, andthe ntdioecttve nnm'iab thatwere liberated to the soft were not _vely
available to the new crop vls the rams. This 8ubeuun_ed the fact that foliar sorptl0n ts the dmnimm
route of faileut aannnulmtoain mmlrbl plsm (HW-69500).

The _'-*'--- of Ce-144 _ from the _ plot were I0 4- 2.8 _zCt/8 dry weisht
and3300 :i: 1300_. The_ fm_ in the _ plot were $2 ::kI$_Ci/8
and I0,000:1:3100 ptp_Ci/m2. _54 mncemmtom for the burnedplot were 0.38 :t: 0.24
_8 and 140 :t: 90/_ltCL/mz, while _ in the _ plot were 3.4- 1 p/zCi/8and
soo±2so

Tim ..... r .... '-_--_of Ru-I06 were 3.8:1: I.pcCi/II and 1200 :t:520 p_tCl/m2 for the burned
ptm,and8:1:3 _1/| mid 1600 :t: 800 tt_"l/m z for the unlmrmd plot. Zirconium/Niobium-96
cmmm'iemwm24± 4,cvs ma ± 3voo b prior,ud tOO± 23
,tlpCi/llsad 19,000"2:.q(X)0_ for die tmbumedplot(1.1W..69_).

D_ botwNn theanmuauof radiomr_klmaccun_ inthe l_m hem thetwoplots
were Im !_ whm mmpar'_ thetrm rath_ thin thewetMa,due to thefaot thattheburned
Lmaproduceda bmvier a_p of new8rm. The_ a'op_,at mmrity, averased340 gnna and
200 lit'am dry welshtper_luaremeteron theixuwd andunbu_ plota, req)eettvely(HW..69500).

47



1958

References

HW-61676. Andersm, B. V. 1959. Ha_rd Knvin_vtl_ MoMtoriq _ RGI_On1958.
Oenml Eimric Couv_, Hmtord_ ProdumOperation,Richlmt,Wuhin_n.

HW_. Dsvis, J. J., W. C. Hanson, andD. O. Watson. 1961. "Rsdloscttvity in Burned Vs.
U_ Omu _." H_rd mo/olyRaam_ AnMul_q_ort/or1960, Omm_Electric
_, Hm_rdAtomic_ Opinion, Rlchlant,Wuhinston.

Soldm, L K. 1960. "Mmu'mrinllfor Air-Borne Radioactive _ at HartfordAtomic Products
Opinion." J_ of_ JAr P_ _ Anoct_on, 10(4):265-70.

E

48



1959

Vegetation Radionuclide Contamination Overview
for Hanford and Vicinity 1959

Q

MedlaSmnpled
- Routine ve_ sampling during 1959 involved the collection of native Oasses from 26 zone

loatimm within the pcrinm_ of the Hartfordproject, adjoiningconummities, and remote locations in
Ikstm_ and SouthernWash_ andNorthernOregon. Fitteen-gramsamplm were collected at
each of lea sum within a zone, composited into one 150 gram sample and analyzed with a ganmm

spectromumr. Radionuclidesobserved included Zr/Nb-95, Ce-141/144, Ru-103/106, 1-131,
and Ba/La-140 (HW-64371).

Farm _ from the two closest tkaning areasutilizing Columbia River water for irrigation,
Ringold and Riverview, wine analyzed. Produce from two farms downwind of the Hartford
rmezva_ was also exmnimd, due to air-borne commination potential. Grain, vegetables, fruits,
ms/alfalfa were analyzed with a nadti-chauml gamma energy specumneter for K-40, Sc-46, Cr-51,
Zn-63, Zr/Nb-95, Ru-103/106, 1-131, Cs-137, and Ce-1411144. Analysis for P-32, Sr-89, and $r-90
wasdoneusinS_ .qmmionandbeta¢muming(HW-_371).

Acomlmisonofdite_L_ prodm¢andsprinkler-irri_atedproducewasaccompl_ed.
Crops muunined_ alfalfa, corn, green beam, carrom,tmnmom, _e, okra, lanr.e,
_, cantaloupe, cuo.nnben, watemwlon, grapes, zucchini squash, pasturegrass, wheat,
mint, betas, pommm, surawberries,raspberries, onion tops, red beet tops, and sugar beets.
Comaara_om of Zn-6$ and Cr-$1 were compared (HW-63824, HW-64371).

SamplingLoeations

Routine vept_on samples were collected from twenty-six zones (delineated by the letters A-Z)
emamlmssi _ the Hartfordprojm, the surroundiagconnmmities, and remote areas of Washingtonand
Nortlmm_ _ A flumsshH,plusJ,werelocationswithintheseparationsareasandthe
project. Zone I _ Benwn City and the surroundingvicinity. Zone K containedRichlandand
vicinity, while Zone L was omnprisedof Kmmewickandvicinity. Zone M contained the Pasco to
Eltopia area, and Zone N includedMesa and the surroundingvicinity. Zones O and P were Wahluke
Slope, east and west, respectively, while Zone Q contained Horse Heaven Hills. Zone R included
Wallula, Toucher, Walk Walk, Dixie, and Waimburg,while Zone S included the towns of Dayton,
Pomeroy, Lewiston, Uniontown, andPullnmn. Colfax, Rosalia, Spokane, Reardon,and Davenport
were found in Zone T, and Harrington,Spragne, RRzville, Lind, and Connell were in Zone U.A

Zone V included Moxee City, Union Gap, Walmw, and T_, while Goldendale, Lyle, Bingen,
and Stevenson were found in Zone W. Bonneville, Cantos,Vancouver, Portland, andTroutdalewere
in Zone X and Zone Y includedthe towns of The Dalles, Celilo, BIalock, Arlington, andBoardman.

" Zone Z included the Riverview District of Pasco (HW-64371).
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Crops were sampled from the two closest farmin8areas, as well as two farmingareas influetr.ed
by air-borne effluetB. The Ringold fanm, approximately15 miles downstreamof the reactors, and
Riverview, _xinmely 30 miles downstream, utilized Columbia River water for irrigation. Benton
City, ap_y 20 miles south of the SeparationsAreas, andFinley, about 40 miles southeast of
the Plant, utilized y=t.lm, River water for irription (HW-64371, HW-63654 REV). San_les were -
tim collected from the Waila Walla-Spohne-Pendleton-UmatiUadimim (HW-63654 REV).

Q

Slplflcam Events/Emissionnmties

Total 1-131emimiom from the SeparationFacilities stacks duringthe first quarteraveraged
0.49 cutim per day. The maximmnemission was 2.8 curies per day, which ouanml during
February(HW.64371).

In the United Slim, the truing of nucleardevices by detonationwas terminatedfor an indefmite
perkxl _ the latterpan of 1958. However, tneamm_le fallout debris persisted during the early

of 1959 (HW-64371).

I
Durl_ the second quarter, the average 1-131emission was 1.03 curia per day. The maxinaun

emission, which ¢g(mred in April, was 2.6 curies per day. During the last week in April, there was
a total of 14.8 curies released (HW-64371).

The avegege1-131 emission from the SeparationArea Proems stacks durin8the thirdquarter
was 0.74 curies per day. A nmxinmt emission of 10 curies per day occurred in Septmnber
(HW-64371).

the fourth quarter,the average1-131 emission was 0.90 curies per day. A maximum
emission of 7.4 curies per day occurredduring December (HW-64371).

Comtituents Measured/Reperted

Remfltsfrom routine vegetation andfarm produce samplin8 were reportedin table form in units
of 10.6/sCi/g (HW-64371, HW-63654 REV). Results compm'in8sprinkler-irrigatedand ditch
irrigatedc_op smnples were reportedin cotr,marafionsof dis_ons per minute per gram
(HW-63824).

The maximem1-131_ detectedin ZoneI (BentonCity andvicinity), was9.4 x 10.6
/,tCi/g,whichoccurredon December29, 1959. Themaxinmmfrom ZoneK (Richiandandvicinity)
was 6.8 x 10.6 _tCi/g, nammred on December 23 (HW-64371).

A maximummesmmanent of 3.4 x 10.6 _tCi1-131/gramof vegetation occurred in Zone L
(Kennewickand vicinity) on February4, 1959. The tmxitmnn 1-131detected on vegetation smnples
from Zone M (Pago to Eltopia) was 3.3 x 10.6ttCi/g, which occurred on November 19 "
(HW-64371).
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The maximum 1-131values detected on vegetation samples from Zone N (Mesa andvicinity) and
Zone O (Wahlukz Slope East) were 1.8 x 10-6and 2.3 x 10-6/_Ci/g, respectively. Maximum values
for Zone P (Wablulm Slope West) and Zone Q (Horse Heaven Hills) were 2.7 x 10-6and 3.1 x 10-6
_Ci/g, respectively.

@

The _ m_mmm_m from Zone Z (Riverview/Pasco) wu 3.4 x 10-6_Cilg. The
mlximmn values for Zones R,S,T,U,V,W,X, and Y, the remainingoff, sire locations, were all less

* than the reporting limit of 1.5 x 10.6/_Ci/g (HW-64371).

C.oncemratiomof Zr/I_gS were ¢omimntly abundantduringthe fiht half of 1959 at off-site
locations. The maxilmlm value detected was 5.4 x 10.4/_Ci/g from a sample from Zone X on
March 3rd (HW-64371).

The average co--ore of Zn-65 in grain, vegetable, fruit, and alfalfa samples collected
from Rivet'view were 1.5 x 10-6, 0.18 x 10"6,0.13 x 10"6,and 1.3 x 10.6/zCi/g, respectively
(HW-64371).

Fruit m_aplm collected from Ringold, Benton City, and Finley all had average gn-65
conce_atiom of less than 0.1 x 104 _Ci/g. All of the crop samples collected from Finley had
_¢tage Zn-6$ ¢onmm_om of leg than the reporting limit of 0.1 x 10-6_Ci/g (H -64371).

The average con_lm'atiom of Cr-51 were leg thanthe reporting limit of 0.5 x 10_ _Ci/g for
all _ fruit, and vegceable mnplu from Barn City and Finley. Grainand fruit samples from
Ringold were also leg than this reporting limit, and vegetation magpies had an average _ncentration
of 0.62 x 10_ fACi/g. Average concentmtiom of Cr-51 in alfalfa ranged from 0.58 x 10.0 _Ci/g,
from samples collected in Finley, to 6.6 x 104/_Ci/g, from samples collected at Riverview
(m¢-_371).

Comanmaflom of Cr-$1 in crop samples from Riverview were 0.7 x 10-6,0.53 x 10-6, 0.66 x
104, and 6.6 x 10.6 _Ci/g for grain, vegeeables, fruit, and alfalfa, respectively (HW-64371).

Radiozinc ¢0acemmtiom in produce samples irrigated with sprinkler systems were generally
Idgi_ than _ Irrigatedby ditch irrigation due to direct foliate absorptionthrough the leaves
(HW-63824,HW-64371).

Concentmfiom of Zn-65 in samples of green beam were 1.3 x 10-6 and0.1 x 10-6_Ci/g for
sprinkler irrigatedandditch irrigatedsamples, respectively. A maximum Zn-65 concentrationof
8.9 x 10-6 _Ci/g, was found in sprinlder-irriBatedalfalfa samples (HW-64371).

A maximum Cr-51 concentrationof 8.0 x 10-6ttCi/g was found in flood-irrigatedpasture grass
" in the Riverview district. A measurementof 1.2 x 1.0"ettCi/g was obtainedfrom a sprinkler-irrigated

lettuce sample (HW-64371).

* lqood-irrigated pasturegrass provided a maximumZn-65 concentrationof 36 x
10-6/tCi/g. Samples of ditch-irrigatedwheat gave a concentration of 4.0 x 10-6 _Ci/g (HW-64371).
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Scandium46 cow,entrations in alfalfa sampled from Riverview and Ringold averaged 1.5 x 10"7
/_Ci/gand was less thanthe reportingvalue of I x 10-7/_Ci/g at other locations. Other produce
samples also had values of less thanthe reportinglimit (HW-64371).

The average1-131 concentrationfrom grain samples was less than 0.7 x 10-6 ttci/g at all
sampling Iocatiom (Riverview, Rinsold, Benton City, and Finley) (HW-64371).

The hilllteataverage _zr, entmtion of Sr-89 found in a .grainsample was collected at Ringold,
with a value of 0.052 x 10"e/_Ci/ll. The average conmaxafion of Ce-141/144 was highest in samples
from Riverview, with a value of 1.1 x 10.6/_Ci/8 (HW-64371).

Grain mmmplescollected at Ringoid exhibited higher concentrationsof Zr/Nb-95, Ru-103/106,
andCs-137 than samples from other locations, with averagevalues of 0.52 x 10"6,0.77 x 10"6,and
0.083 x 10.6/_Ci/8, respectively (HW-64371).

Commmafiom of Sr-89 on vegetable samples averaged less than 0.01 x 10.6 ttCi/g for samples
collected from Ringold and Benton City, and0.014 x 103 and 0.013 x 10.6 _tCi/gfor samples
collected from Riverview andFinley, respectively (HW-64371).

The average comanmlttionof 1-131 on vegetables was less than0.i x 10-6/_Ci/g at all locations,
with the exception of Rinsoid, where the value was 0.18 x 10.6/_Ci/g (HW-64371).

Cesimn-137 conceatr_om on vegetables were less than 0.05 x 10.6/_Ci(g at all locations, with
the exception of Riverview, where the averageconcentrationwas 0.052 x 10-6 ;tCi/g (HW-64371).

Concmltratiomof 1-131 on fruit smnpleswere less than0.1 x 10.6 ltCi/g at Riverview, Ringold,
and lknton City. Measurementsfrom Finley averaged 0.11 x 10-6/tCi/g (HW-64371).

Cmmemlly,the maxinmmradioisotopeconcentratiomon fruit samples were collected from
Rinsold, where concentrationsof Sr-89, Ru-103/106, and Ce-141/144 were 0.63 x 10.6 _tCi/gt

(HW-64371).

Concentrationsof 1-131on alfalfa smnples ranged from 0.16 x 10.6/_Ci/g, collected from
Benton City, to 0.52 x 10-6/_Ci/g, collected from Finley (HW-64371).

The maxinann averase Zr/Nb-9$ concentrationfound on alfalfa samples was 1.7 x 10.6 _Ci/g,
collected from Benton City. The highest Ce-141/144 concentrationfrom alfalfa samples was 2.7 x
10.6, collected from Finley (HW-64371).

With the cessation of nuclear tests and the resulting decrease in the amount of fallout radioiso-
topes on vegetation, the need for a more efficient sample detection system was needed. An increase "
in sensitivity of about 20 was obtainedwith the use of a 9 3/8 inch crystal anda 500 gram sample in
pmma spectrometricanalysis (HW-63824).

,A
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Zinc.65 and Cr-51 were presentin low concentrationsin crops irrigatedusing Columbia River
water, but not detected in si8nificant mnounmelsewhere. Cereals andalfalfa (hay) contained larger
mmmmsof Zn-6S thandid fruitsand vesetables (HW-63654 REV).

" Chromimn-51 was found in hi._ concentrations in alfalfa samples, with a maximummeasure-
merit of 3.0 x IOs t_Ci/8. The maximum 1-131concemaaflon was 4 x 10-6 _Ci/g, obtainedfrom an
alfalfasamplecolle_linFinley(HW-63654REV).

{J

Generally,alfalfa(hay)andcerealcropscontainedthehighestconc_ntratiomofradioisotopes

_um-51 wasfoundonmoresprinkler-irrigatedsamplesthanditch-irrigatedsamples,
mlfll_ that foUateabsorptionmay play a significantpart in its uptake. Concentrationsranged
from 0.3 d/m/8 in redbeets to 17.8 d/m/g in pasture grass thatwas irrigatedby flooding
(HW_S38"2,4).

Concentrationsof gn-65 obtainedfrom sprinkler-irrigatedsamplesrangedfrom 0.33 d/m/g, for
zucchini squash, to 20 d/m/8 for alfalfa. Samples of corn, green beans, andlettuce exhibited
_ons of 4.7, 2.8, and 1.0 d/m/8, respectively (HW-63824).

ConccnUaflom of Zn-6$ mmmred in ditch-irrismd samples ranged from 0.08 d/m/8 for
tomatoes, to 80 d/m/8 for pasture grass that was irrigated almost continuously. Samples of corn,
green beam, and cabbase thatwere ditch-irrisated had concentrationsof 3.6, 0.21, and0.62 d/m/8,
respectively (HW-63824).
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Vegetation Radlonucllde Contamination Overview
for Hartford and Vicinity 1960

m

MediaSampled

, Routinevegetationsamplinfjfor1960involvedthecollectionofnativelFassesfrom26zone
locationswithintheperinnterofHanfordreservation,surroundingcmnmunities,andremotelocations
in southern and eastern Washinston and northern Oregon. Fifteen-stare samples were collected from
each of ten sites within a zone, _ited into one 150 8ram sample, and analyzed by a gamma
ener_ _ usin8 a three inch by three inch NsI(TI) scintillationcrystal. Samples were
analyzed for Zr/Nb-95, Ce-141/144, Ru-103/106, 1-131, andBa/La-140 (HW-68435, HW-67390).

_tural produce was sampledfrom fannin8 areas utilizin8 Columbia River water for irriga-
tion and farmingareasdownwind of Hanford. Cropsexamined included corn, beets, carrom,toma-
toes, cantaloupe, cucumber,peaches, grapes watermelon, apricots, cabbage, pears, barley, rye,
wheat,andalfalfa. A gamma energyspectrometerutil_ a nineinchdiameterwell-typeNaI(TI)
scimillationcrystalwasusedtoanalyzeforK-40,Sc-46,Cr-$1,Zn-65,Zr/Nb-95,Ru-103/106,
1-131, Cs-137, andCe/Pr-144. Radioehmnicalseparationandbeta countin8was used to determine
P-32, Sr-89, and St-90 cow.entrations (HW.68435, HW-673g0).

Commercialb_y foods were tested for radionuclidecontamination. Cereals analyzed included
barley, oat, rice, protein, andmixed. Fruits and v_etables examined included applesauce,junior
applesauce,bamms, pears, junior pears, peaches, junior peaches, prunes, plums, 8reen beam, junior
IFeenbeans, beets, carrots, peas, sweet potatou, junior sweet potatoes, squash, junior squash, and
spinach. The baby foods were analyzed for K-40, Cs.137, Sr-89, and Sr-90 (HW-68435,
HW-67390).

Sampans tions

Routine vegetation san_linll involved the collection of nativegrasses from twenty-six zones
(delineatedby the letters A-Z) encompessin8 the Hartfordproject, surro_ communities, and
remote areasof Weshington andnorthernOregon. Zones A throughH, plus J, were locations within
the sepmtion areasand the project. Zone I containedBenton City andthe surroundingvicinity,
whereas Zone K included the Richlandenvirons. Zone L was comprisedof Kermewickand the sur-
roun_ area, Zone M containedthe Pasco to Eltopiaarea, andZone N included Mesa and the sur-
roundingvicinity. Zones O and P were WahlukeSlope, east and west, respectively, while Zone Q
containedHorse Heaven Hills. Zone R includedthe communitiesof Wallula, Toucher, Walla Walla,

" Dixie, andWaitsbur8, while Zone S included the towns of Dayton, Pomeroy, Lewiston, Uniontown,
andPullnum. Colfax, Rosalia, Spokane, Reardon,and Davenport were located in Zone T, and
Harrinston, Spmgne, Ritzville, Lind, and Connellwere found in Zone U. Zone V included the

* towns of Moxee City, Union Gap,Wapeto,and Toppenish, while Goldendale, Lyle, Bingen, and
Stevemon were found in Zone W. Bonneville, Camas, Vancouver, Portland, and Troutdalewere
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located in Zone X, and Zone Y included the towns of The Dalies, Celllo, Blalock, Arlington, and
Boardman. Zone Z containedthe Riverview District of Pasco ('rlW-68435).

were collected from the two closest _ areas downriver from the reactorsutilizing
Columbia River waterfor lrdption, the Rivervtew District of Pasco, approximtely 30 miles down-
mere, ted Rlnllold, alpprox/mately15 miles downstream. Crops from the Benton City area, approx.
inmely 20 _ south of the SeparationFacilities, were also smnpled, as well as alfalfa from Eltopia
(HW-6 3S,HW-67390).

SiMmlflcantEvents/EmissionQuantities

During i960, the overall avemse 1-131emissions from the SeparationFacilities stacks was
1.0 curies per day. Zr/ICo-9Semissions avemlled0.01 ctu'i_ per day, and ltu.103 emissions aver-

0.007 cut_ per day. AverNle 1_1-106andCo-141 emimiolx_were 0.006 and 0.001 curies per
day,mspeeeveb/taw-ea43s).

The avera_ 1-131 emission durinll the tint quarterwas 0.65 curies per day. A maximum
emission of 1.7 curies per day occurredin Jamlmy (HW-68435).

Durinl the second qumer of 1960, the averNte 1-131emission from the SeparationAreas stacks
wm 0.$9 curies per day, with a maxiamm emission of 1.7 curies per day occun'i_ inMay
(HW-eS43S).

Third quarter averese 1-131 emission from the SeparationFacilities was 2.02 curies per day,
2.5 times hillher than dufln8 the first half of 1960. A maxtnmmemission of 19 curies per day
occurred in July, as well as a total weekly emission of 51.3 curies, released July $-11 (HW-68435,
HW.90).

The avenqle 1-131 emission for the fourthquarterwas 0.75 ctn'iesper day. A maximumemis-
sion'of 3.9 curies per day or,cuffed in December (HW-68435).

Constituents Measured/Reported

Results for off-project velpmttionandcrop analyses were presentedin table form, in units of
(HW.68435,HW.67390).

The maxtnmmaverase 1-131 measurenmH from off-site zones was 9.9 x 10.6 lsCi/ff, collected
from Zone M (Pasco to Eltopia area) on Jmmary26. Iodine-131 values for vegetation sampled from 4t

March through mid-December were generally below the reportinglimit of 1.5 x 10.6 _Ci/g, with the
exception of six samples, the maximumvalue of these being 2.5 x 10.6 _Cl/8 (HW-68,t35).

The local control limit far 1-131 on vegetation is 1 x 10"s_Ci/8 of vegetation (HW-68435).
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The msximum Ce-141/144 value obtainedfrom off-site vegetation samples was S.2 x 10-5 _Ci/g
collected from Zone I (Benton City andvicinity) on June 28. The maximumRu-103/106 measure-
meat obtainedfrom off-site vegetation samples was 1.$ x 10.5 #CI/s, collected from Zone M (Pasco
m Eltopia area) on January26 (HW-68435).

@

The maximumZr/Nb-95 measurement obtainedhem off-sire vegetation samplinll was 3.2 x l0 s
e_Cl/ll,collected from Zone N on AUlpm 2. With the exception of a few samples collected in January

• and February,the re_ samples had values below the reportin8lindt of 2.0 x 10.6 #Ci/ll
(HW-6843S).

The maximumBefl.a-l,10 value obtainedfrom off-sire vegetation umplin8 was 4.0 x 10.6 _Ci/8,
collected from Zone R (muthmmem Wuhinston) on Aulpm 2. As many u flat co-mpmimumplu
wemobtaimdfromeae_zouedurinll1960. No morethan3samplesperzonehadmeasurementsof
_140 l!reater than the reportinlllimit of 2.0 x 10.6 #Ci/g (HW-68435).

Analysis rwults for egrkultural cre_ mnpled from the Rinlloidarea were below the reporting

im_s_ for all radioimtepm examinedwith the exoeption of K-40 and Zn-6$. Potusium40 measure-ranged frmn 1.8 x 10.6#Ci/$ to 2.6 x 104/_Cl/s, both results from apricot samples. One
corn sample had a Zn-65 value of 0.21 x 10.6 _Ci/g (HW-68435, HW-67390).

Quanfltimof K-40 memued from crops collected from Benton City and the surroundin8vicinity
ranliedborn 0.97 x 104/sCI/8, froma corn sin:pie, to 5.5 x 10.6#Ci/8 on barleysamples.Minimal

of _ weredeteaedon barley,rye, andwheatsamples,with a maximumvalueof 0.15 x
104/tCi/8. A Sr-89 memuemm of 0.031 x 104;#Ci/8 was observed on a rye sample and Sr-90
values raNled from 0.034 x 10.°/ACl/g, from a barley sample, m 0.051 x l(Ye_Ct/8, from a rye
sample. Results for ZrfNb-95, Cs-137, Ru-103/106, 1-131, Cr-51, Ce-141/144, and P-32 were less .
than the reportinlllimit for each (HW-68435, HW-67390).

Analysis results for Cs-137, Ru-103/106, Ce-141/144, and $r-89 on crop samples collected from
the Rtvervlew District of Puco were below reportt_ limits. A Sc-46 value of 0.67 x 10_ #Ci/g was
detected on a corn sq_ple. Pmassium.40 measumnems rangedfrom I. I x 10.6 _Ci/8, on a corn
sample, to 4.9 x IIYe _Ci/$, from a cantaloupe. Zinc-65 values ransed from 0.I x I04s _CI/8,
detected on 8rapes and carrms, to 2.7 x 10.e #Ci/8 on corn samples. Zr/Nb-95 measuremen_ were
0.48 x 10.6 and0.49 x 10.6ltCi/ll for carrms andbeets, respectively. The mininmmP-32 value of
0.I1 x 10.6#Cl/Bwas fotmdon carrot samples, andthe maximum value of 0.6 x 10.6 _tCl/g, was
found on a corn sample. Strontimn.90 measurementsrangedfrom 0.1)06 x 10.6 _Ci/$, on peaches, to
0.016 x 104 ItCi/$, from carrotsmnples. ChromiunvS1 values for carrots andbeets were 1.3 x 10.6
and 0.72 x 10.° _tCi/g, respectively (HW-68435, HW.67390).

Alfalfa samples collected from tl_ ?,_._-view Distric_in Pasco exhibited higher radioisotope
• co--ore than alfalfa samples bom Rinsold. Eltopia, and Benton City. Scandium-46

meauremenm were less than reportinglimits on samples coUected from Eltopia andBenton City and
maximumvalues for Riverview andEltopia were 2.0 x 10.6 and 0.25 x 10.e _Ci/g, respectively.

• Pmassitun.40 measurementsransed from 5.5 x 10.6 _Cl/g, on samples collected in Benton City, to
13 x 10-6 pCi/g on Rivervlew samples. Zinc.65 values in Benton City were less than the reporting
limit, while values for Riverview, Ringold and Eltopia were 14 x I(Fe, 3.9 x 10"6,and
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0.$ z 104 IdOl/I,"rupeetively. Thenminun Cs-137_ wu 0.11 x 1045_Ci/I and
gmxhnmn1-131valuewin 0.58 x 104 tsCi/8. Chromium-51velumwerebelowthere_rtinj limitin

. Ba:ma CityandBltepia,whilerummmnrmuin Rinjold andRivet'viewwere8.4 x 10.0 and87 x
104 pCI/li, reqJec_ely. Them_ImumP-32 valuewu 4.6x 104 pCl/ll (HW-6843&HW-67390).

D

Du_q themonthot Oaobe, theavml_ec:ou:amu_nof I. 1:31onvesmtionin theinunedl_
of tin SepermomPint was3.4x 10.0 l_Ci/|. V_ collmedfrom.11nmpllnszones

outsJdoof ths _ boundmy8tvo 1-131VelUNof less thtu 1.$ x 104 _CJ/8(HW-67439). •

Durt_ Noveater, theavemlPcmummtiea of 1-131onvesmtion fromthe SeparationsPhm

was2.ox 104_CJ/8.v_ _ _amanzommoumideoftheprojmhad 1 131vahJmot less dum 1.5 x 104 WC:I/8(HW-67752).

An irvemlle1-131ceeeeianuim of 7.4 x 104;_i/8 win foundin the immediatevicinityof the
SepmmiemPare in Demmbe. Smlplm oollemedfrmnmum oumideof tim_ hadvelumof
lea alumI.S x 104 #_'i/8 (HW-8127).

. The_ of babyfoodmalqlhmtNtedfor $r-89pve remdUof lees tlumthe mporti_ limitof 0 004 x !04 _i/|. A _ ceradmunpie8area muxtuun meemuumatof 0.023 x 104 _Ci/ll,
whilebarleycereallad t $r-89vthmof 0.014 x 104 _CY8 CHW-68435,HW-67390).

AmmUmumSt-90vduein _ foodsmnpledwm0.0_ x 104_C_8,fmmdinprmeinterm1.
Mixedcarolhadvelum_ hun(0.007m0.03)x 104 isCl/8,whileoatcerealbadavdueof
0.00_x 10"6_8. ThommdmumSr-90mmmn_magdetainedin frulmmdvqeublu wm0.01x
t_ _'_/s, eromq,Umeh(nw.e843s,Hw_mgo).

The mexlmmumCs-137value_om bd_ cermlmmmple8w_m0.1 x 10.6/_C1/8,froms
cmud. Withthe_ of a sampleof Jm_ peedm8mids munpleofpeu, all fruimtnd vesem-
blm mdy_ pve minimof lem thu the rq_rt_ limitof 0.03 x 10"°. ThermultfromJunior

was0.033x 104, whilethepeas,whichweresampledonDecember10,1959,pve t result
oto.61x lo4 _c_80rw-68_3s,HW.67390).

Pommium-40wu detectedin811butone_ foodrumple.A msxinnnnmNsureme_of 9.4 x
i0"6/_Ci/$wssfoundinproteincereel,whileoolcereal8aveavalueof 2.6 x 10_ IsCPs.Velumfor
fruiaJsnd vesetablesmailed fromira8thantilereporttnlllimitof 0.3 x 104 _Ci/8 for one applesauce
rumple,to 2.4 x 104/tCi/8 in 8 pruneample. The aversjeK-40detectedin ell fruit8ridvelletables
mmqfledwss 1.125 x 10"°/_CU8(HW.68435,HW-67390).

_8
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Veleladen P.sdloauclldeCoatsmlBtloa Overview
for Hsatord andVicinity1961

9

Med kapl

• _ _ smpllnldurla81961iavolvedthecollecl_zofmflve8rsssesfrom16 zone
_ ,_ddn b INrlmmrot Hsabrd ritvmlea mt _ _. P_llma

_n collect_ st _01_ot I_ sire _111_ a zoao,cempe_l law one 150srsm nmple sad

0/W-715_).

_ _ _ _ twolmalaSnrm _ ColumbiaRiverwmrfor
intpttmmwellass bandowhw_of_. Cropammmlmd_ ,ll'allk,aprl_, q_lu,
bum, pmdm, wluat, pure beam,tmnm_, camaloupe,potatoes,carrots,andcorn. A janmn
amly spmnmmw_ anineinch_ mll4ypeNal(Tl)_ crymlwasusedto

for K-40, So,46, Cr..Sl,Z_+_4,Zr_, RII-103/10G,1-131,Cs-137, andCe/Pr-144.
p._n _wzlon _1 b_ _ wu usedtodeteanimP-_,Sr.89,andSt..90coocmm'a-

OmW-7_5_Yj.

Locs0m

kazim vqmtioamq_ wm mllmaf tram.lmm zoom(_tsmtat bythelettersA-P)
within the Hsnfo_ pm.fectandmmemadt_octal. ZonmA dumqlhH, plusJ, wereIocsflom
withinthe_ mm sadtheproject.ZornX_ kzou C_ mxttheMm_sttnSvicin-
ity,while ZornK cmutned theItich!mdlocality. Zero L wM compm_ of theKmmewtckenvirons
sml ZornM _ the_ to Bltopiss_s. ZoneN _ Mua ud the su_ vicin-
Ity,andZoms O andP _ W_ Slope,_ andwest, respe_vely (HW-71999).

Crepewee collectedf_mmthetwoclmmthrminlarmsdowmtverfromthereactonuttliz_
ColumbiaRiverwaterfor lrrtpflon, theRlvervtewDistrictof Pasco,approximmely30 ndlm down-

andRlnlold,app_mlely 15 milesdowmtmun. Cropsh'omthe BemonCityarea,qprox-
lamely 20 mtlmsouthof the SeparationF_llit_, werealsoumpl_ (HW-71999).

__q_,,_,__ Ev_a/Emlsslonq_mfltlm
it

Dm4.tql19Gl, the overallavenqle1-131emissionfromtheSeparationFacilitiesstackswas
! 0.7 _ _ day. Zirconhnn/Nioblum.9_emlxlom aver_ed 0.00_ curiesperday, andRu-103

, eadutom averased0,003 curiesperday. AverajeRu-106,Ce-141, andCe.144emissionswere
0.005, 0,006, and < 0.01 _ perday, respectively(HW-71999).
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Tml 1-131_lom _ b _ Fscilltlmsacks#vemsed0.69curiesperday
th timquuuwof1961.A mukmm mnbslonof2.3c_s pw dayoccurr_inMatch,andthe

_ emluton was 10 curkminI_, bothevms ortlltmti_ fromthe Pumx
(HW.71999,HW-f_?I, HW-fdl_l, HW-69278).

t

tim_ quarterof 1961,the avora_ 1-13! _ horn the 5ep_ratlonF_tlitim
Mjm wu 0.79 _ perday. A mmxtmumemi_l_ of 2.3 cur_ perdayoccurr_ in June#rid
o¢tMamdtkomtl_ Pu_ rock. Pmumn curtm, tho_ UMmday_, wu mlemxl
t_s lho Pu_ Pmdditystacks in Ju_ as well (HW.71999,HW-_MIS,!_-70103, HW-70431,
IiW-70$S2).

Toadthirdq_ av_ 1-131emkM&snwm 0.78 curkmperday. ThePurexFacilitywas the
a_sw of _ mufmum daily_ o1'2.5curlmparday, mwdl as the mmximumw,,en d#y

whichwas 8.3 CW_, both_ _ in Alqplsl(HW-71999,HW-70689,
HW-?I041,HW-71203).

$1pdflaB rutto4smo_ dspoetttmocaumd on vesem!m in 1961dueto falloutftrunUSSR

Trod_ X-131_ kom theSqsmtim P_Ut_ _ wu 0.S5 cu_ per day
___qn_. T_m_m daUy_ wu 2.1 _rk_ pa daymd _ n_um

d_' _ _ 8.2 curlm,both_ _ IllOcSobor(HW-?1999,HW-71678,
I!W-72012,HW-_.

Amlysis resultswwo _ in uds4oform,,,4 _ in uoit8ot 10-6_t/8 (HW-71999).

The_ _ of1-131deuxu_o11v_ sampledfromofl'41mlocs_nsforthe
flt_tlme_ of1961waslessthinIbe_ llm_ofI.$x
104 _d::l/lt.The_ 1-.131_-_ omar_ inIm Oucbe¢toearlyNovember.due to
timuss_t mch_ _ _. v_ msV_ ttms ZoneX(Smm city andvtcisd_y),
ex!dbitedtile_ off.4ite1-151_ of 3.5 x 10"s_i/|. By lateDecealber,1-131

baddlmtpld to lass thanthedma:floulimitatnmstlocmtom(HW-71999).

Timlocalama'ol limitfor 1-131embs/om was 10 mulespus'week(HW-70411,HW-70_$2,
HW,71203). Local_ reducedthisItmltto 2 curiesperweek, a_ overa ymr's time
(HW-Tt9_).

Tin av_ I-!31 concmmmicoon vqp_xion sampledinthe vicini_ of the SeparationPlanes
for tlmfirstqum_ was 2.9 x I0"__i/s (HW-6S471,HW-6S_I, HW.69278).

b
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April, the avmip 1.1:31concenlrati_ on ve8etatlon from the SeparationFacilities was
:3.9x I04 _1/$. _ May the avm's_ t-131 concemmion was less thanthe detection limit of
1.sx lo4 _Us,taddudnlJuneanaversecoucemz_onwas3.0x los _cus0_,w-_t8,
HW-70103, HW-70431).

mmutmam,ofI-:3:on uned mantad=nmed
to2.1x 104 _Cl/|,andbyAupmt__ werelesstim thedetectionlimit(HW-70689,

* HW-71041).

. Pmmh_ coummmaomot1.13:fromv_ ,m_ed intheSepraaou__Un'ty
averNpd 11 x 10s. _1/I. Dm_ Novmnber, the avemse _ was 15 x 10"°fsCl/8
(HW-71678, HW-72012, HW-72338).

lncrmsed _:,_--_-_---:'_---_of Ba/La-140, Zr/Nb-95, Ru..I03/106, and Co-141/144dufln8the
fourth_ wornalsoamoula_withtlmUSSRm_earfallout,resultinjinpeak_u_m_lonsof
:_ m lo4 _s (HW-71999).

The _ off4ite _ of Ba/La-140 was 1.3 x 104 tACY8, from a 8mnple
collected fkomZorn I (Bemeu City andvicinity) dudq lam October (I.IW-71999).

The malmum off-slimcomumlntkn of Zr/Nb-95 was 3.7 x 10"4_i/8, from a sample collected
bornzorn o (Wdd_ Slope,eat), durinsmid-Dem:be(HW-Tt_).

The ms,vJm_ off-slimcomumm_lom of Ru-103/106 and Ce-14i/144 were 9.5 x 104 and 1.2 x

l_ _:i/s, rmp,_ay, _ mumU=_ tramZoneP(w_ Slope,west-)(HW-71S_).

_ wu _ bomthe_ Dtmt_/mmMaythroqhSepu=mber.Mutmum
valuta _ 0.83 x 104 fsCi/8 for Sc-46, 1.5 x 10"s_Ci/| for X.40, 3.9 x 10_ _sCt/8for Zn-6_,
5.2 x 10_ _'i/8 for ZI'/NI_._, 0.063 xl0 "6_Ci/8 for _-137, 1.2 x l0 s _Ci/8 for Ru-1031106, 1.1
x 10_ _"J/Sfor1-131,2.2x 104_._1/8forCr-51,1.2x 10"s_sCi/8forCe/Pr-144,7.4x 10"s_Ci/8
for P-32, 0.01 x 104 _'_/8 for Sr-89, and 0.084 x 10_ pCl/8 for Sr-90 (HW-71999).

ProducewasmnpledfromRinsold,_, andBentonCityduri_July and Aul_m.
Valuta for Cs-137, lh_.10_/106, 1-131, Ce-141/144, Zr/Nb-9_, andSc-46 from all produce sampled
were less thanreportinj limits. The maxhnumK.40 meamn'mm_obtained from the Rin_ld vicinity
was6.7 x 104 _aCi/8,from I:_m. A wheatsample8ave_themaximum_ valueof 3.5 x 10"s
_aCits,aswellammutmmm_Sr-S9andSr-90valutaof0.009x 10.6and0.017 x 10"#_Ci/8,
r_y. The maxlmmnP-32 _ was 2.1 x I0_ t_Ci/8, from _ beam, and the
imx/mmm Cr-51 value from Rin8old was 1.2 x i0 _ t_Ci/8, oblaimg from _prico_ (HW-71999).

" The imlx/mumK-40 immurmm_ obtained from producesampledintheBemon City vicinity
was 4.5 x I0_ t,Ci/8, from pomom. The max/mum_ value was 0.15 x 10"_t_Ci/8, and
maxbsm Sr-_0 mmsura_ut was 0.0056 x l0 s #Ci/8, both obtainedfrom cantaloupe. The

* nmxhnumP.32valueof 0.17 x 10.6 _sCi/8,wasobtainedfrompotatoes(HW-71999).
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Riverview producehada maximumK-40 mmsu_rem_tof 6.8 x 10-6 _Ci/g, obtainedfrom an
apricotsample. ThemaxinmmZu-6$ and1)-32valuesof 0.47 x 10-6and0.75 x 10-6_Ci/g, respec-
tively, were olxtaitmi from corn samples, as well as the maximum Sr49 and Sr-90 measurementsof
0.014 x IIY6 and 0.044 x 10.6 #Ci/g, respectively. The maximumCr-$1 value was I.I x 10-6#Ci/g,
fromanapricotsample(HW-71999).
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Vegetation RadlonucHde Contamination Overview
for Hartford and Vicinity 1962

MediaSampled

, During the first quarterof 1962, routine vegetation samplinginvolved the collection and analysis
of composite samples of sagebrushand native grasses bi-monthly from 14 zone locations in and
adjacentto the HanfordProject, plus weekly collection and'analysisof composite samples from Zone
A (200 West) andZone B (200 East). Samples were analyzed by a gamma spectrometerusing a
3 inch by 3 inch NaltTI) scintillationcrystal for 1-131, Zr/Nb-95, Ru-103/106, Be/La-140, and
Ce-141/Ce-144/pr-144. Samples from Zone B were also analyzed for Cs-137.

Agri_tltural produce was sampled from two fanning areasutilizing Columbia River water for
irrigation,as well as fanning areas south andeast of Hanford. Pasturegrass and farmproducts were
analyzed using a mniti_l energy spectrometerthat utilized a 9-inch diameterwell-type Nal(Tl)
scintillation crystal. Radionuclidesobserved includedK-40, Zn-65, Zr/Nb-95, Cs-137, Ru-103/106,
I-i31, andCe/Pr-144. Radi_c_fl separationand beta counting was used to determine1)-32,
Sr-89, andSt-90 concentrations. Crops and produce sampled included alfalfa, wheat, pasturegrass,
asparal_, rhubarb,strawberries,carrots, onions, parsnips, cherries, raspberries,Romaine lettuce,
nmstsrd greens, leaf letm_, spinach, red cabbage, parsley, radishtops, onion tops, beet tops, turnip
tops, cabbage, onions, radishes, turnips, big onions, beets, Swiss chard, parsniptops,parsniproom,
apples, apricots, peaches, string beans, green apples, broccoli, cucumbers, peppers, corn on the cob,

_ squash, tomatoes, cantalm_, plums, beans, dill, and potatoes (HW-76526).

Vegetables andbaby foods were purchasedfrom local stores and analyzed for radionuclide
contaminationusing the same.procedureas was used to analyze agriculturalprMuce. Foods analyzed
includedasparagus, rhubarb,apricots, peaches, grapes, lettuce, carrots, apples, potatoes, beet tops,
beet roots, mustardgreens, string beans, peas, baby food=mixedvegetables, carrot tops, leaf lettuce,
head lettuce, radishes, bread, and prunejuice. Baby foods analyzed included strainedapplesauce,
b_le juice, prunes, orangejuice, orange-applejuice, pears_apricots, peaches, peas, carrots, green

, gardenvegetables, oatmeal, dry rice cereal, hi-protein cereal, mixed dry cereal, dry barley
cereal, cereal-egg and bacon, andoatmeal with bananasand apples. (All baby foods were Gerber
brand)(HW-76526).

A special vegetation survey was conducted to determineany environmentaleffects produced
from an incident involving a large emission from the 291-Z stack on April 7th (HWo77345).

" Sampling Locations

Routine vegetation samples during the first quarterof 1962 were collected from sixteen zones
t' (delineatedby the letters A-P) within the Hanford Projectand surroundingcommunities. Zone A

(200 West Area), Zone B (200 East Area), and Zones C-H, plus J, were locations within the Hanford
Project. Zone I included Benton City and the surrounding vicinity, while Zone K contained the
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Richiandlocality. Zone L wu comprisedof the Kennewick environs, and Zone M contained the
Pasta to Eltopia area. Zone N included Mesa andthe surroundingvicinity, and Zones O and P were
WahlukeSlope, east and west, respectively.

Crops were collected from the two closest farming areas downriverfrom the reactorsutilizing
Columbia River water for irrigation, the Riverview District of Pas_, approximately30 miles down-
stremn,and Ringold, approximately 15 miles downstream. Crops from the Benton City area, approx-
inmely 20 miles south of the SeparationFacilities, were also sampled, as well as pasturegrass from °
Mesa"and Eltopia, mess directly east of the SeparationFacilities (HW-76526).

A special vegetation survey was conducted following an incident involving the emission of a
large quantityof fission productsfrom the 291-Z stack on April 7. Samples were collected every O.1
to 0.2 mile re'mindthe perimeter of the 200 West Area, andevery mile along the road between Byer's
LandingandRingold in the afternoonof April 7 (I-IW-77MS).

Significant Events/Endsslon Quantities

During 1962, the yearly average 1-131 emission from the SeparationFacilities stacks was
0.35 curies per day. Zirconium/niobium-9Semissions avenqled 0.0024 curies per day, and Ru-103
emissions averqed 0.0009 cuuriesper day. Average Ru-106, Ce-141, and Ce-144 emissions were
0.0036, 0.0002, and 0.015 curies per day, respectively (HW-76526).

Total 1-131 emissions from the SeparationFacilities stacks averaged0.25 curies per day during
the first quarterof 1962. A maximumemission of 1.2 curies per day occurred in January, as did a
seven day maxinmmemission of 3.9 curies (HW-76526, HW-72691, HW-72691-2, HW-72691-3).

Duringthe second quarter,the average1-131 emission from the SeparationFacilities stacks was
0.53 curies per day. The maxinmmdaily emission was 24 Curiesper day, and the maximum seven
day emission was 43 curies, both occurd_ in April (HW-76526, HW-72691-4, HW-72691-5,
HW-74307).

The thirdquartertotal average 1-131 emission from the SeparationFacilities stacks was
0.44 curies per day. A maximumdaily emission of 11 curies per day occurred in September, as did
a seven day maximum emission of 14 curies (HW-76526, HW-74307-7, HW-74307-8, HW-74307-9).

During the thirdquarter, increased concentrationsof radioisotopes in the air were due to world-
wide fallout from weapons testing (I-1-75431).

Total 1-131 emissions from the Separations Facilities stacksduring the fourthquarteraveraged
0.17 curies per day. The daily maximumof 0.77 curies per day, and the seven day maximum of
3.3 curies both occurred in December (HW.76526, HW-74307-10, HW-74307-11, HW-74307-12).

m.

On April 7, 1962, at about 11 am, approximately 1000 curies of noble gases and fission pro-
ducts were released from the 291-Z stack. Over the next two days an additional 200 curies were
released (HW-77345).
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Constituents Measured/Reperted

The local operationalguide for stack releases is 2 curies per week, averagedover a year's time.49

The previous limit was 10 curies per week, which was reducedin October, 1961 (HW-73366).

Analysis results were presented in table form in units of _Ci/g (HW-76526).
b

The averageconcentrationof 1-131 measuredon leafy vegetables sampled from local farms and
vegetablemarkets during May throughSeptemberwas 0.2/t/_Ci/g (HW-76526).

Results from special surveys following the emission incidenton April 7 indicated thatthere were
no enviromnemaleffects detectableat off-project locations (H -77345).

TheaverageK-40co_on foundonalfalfamnplescolle_xlinNovemberandDecember
was 16.2 _Ci/g. The maximumvalue was 26 _/_Ci/g. Concetar_ons of Zn-6$ found on alfalfa
were below the reportinglimit for all samples except one, which had a value of 0.11 _tCi/g.
Maxinaan contentions of 1-131, Cs-137, and Ba/I.a-140 from alfalfa smnplee were 0.29, 1.6, and
8.2 _Ci/g, respectively. The maxinmmconcentrationof Zr/Nb-95 was 39 p_tCi/g, with an average
of 11.1 _ttCi/g. The average Ru-103/106 concentrationon alfalfa was 11.9 _t;tCi/g,with a maximmn
concemtrationof 39 _Ci/g. _s/Ull_lm_mn-144 concentrationsaveraged 25.2 _Ci/g, with a
maximm value of 66 _i/g, while the maximum$r-89 cow.entraflonwas 0.72 _t_Ci/g. The
aven_ $r-90 concentrationfound on alfalfasamples was 0.047 _t_tCi/g,with a maximumvalue of
o.o87,t ci/g (Hw-76.s26).

Analysis resul_ from wheat samples collected in Marchand August yielded lower radionu¢lide
mncmmations thanthose obtainedfrom alfalfa samples. Maximumvalues for K-40, .Cs-137,
Ce/Pr-144, Sr-89, and Sr-90 were 5.1, 0.091, 19, 0.092, and 0.011 _Ci/g, respectively. Results for
1-131, Ru-103/106, and Ba/La-140 were below reportinglimits, as were results for Zn-65, with the

' exception of one sample with a value of 2.2/_ttCi/g (HW-76526).

Pasturegrass was collected from Ringold, Riverview, Benton City, Eltopia, and Mesa. The
maxinaun K-40 concentrationof 34 _/_Ci/g was obtainedfrom a sample collected from Ringold on
August 1. The maxinmm Zn-65 value was 110 _Ci/g, collected from Riverview on the same date.
Maxinann measure_Is for Zr/Nb-95, Cs-137, 1-131, Ba/l.n-140, and Sr-90, obtained from samples
collected in the Benton City vicinity, were 180, 11, 13, 110, and0.45/t_tCi/g, respectively. A
maxinmmP-32 value of 31 _Ci/g andRu.103/106 value of 88 ppCi/g, were obtained from samples
collected from the Riverview District of Pasco. Max/mumCe/Pr-144 and Sr-89 values of 140 and
7.2 _;tCi/g, respectively, were obtainedfrom samples collected from Eltopia (HW-76526).

f

The maximumK-40 measurementobtained from farm produce was 26 _Ci/g, from a dill
smnple collected in mid-August. This dill sample also gave maximumconcentrationsfor Ce/Pr-144
and Zr/Nb-95 of 13 and 5.8 _tttCi/g, respectively. The maximumCs-137 value of 0.061 _t_Ci/g was

" obtainedfrom beans analyzed in early August. A maxinmmP.,u-103/106measurementof 9.8 _t_tCi/g
was obtainedfrom beet tops, and the maximum1-131 value was 1.9 _Ci/g, obtained from peaches.
Two separateasparagussamples gave maximumSr-89 and Sr-90 values of 0.126 and 0.141 _tttCi/g,
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respectively. The maximumZn-65 value of 0.9 tz_Ci/g, was obtainedfrom onion and carrot sam-
plea, andthe maximumP-32 value of 0.43 ##Ci/g was obtainedfrom a lettuce sample (HW-76526).

Analysis resulta were obtained for vegetables and baby foods collected from local stores. Maxi-
nmm K-40 and Ca.137 values of 42 and 0.28 _lzCi/g, respectively, were obtainedfrom Gerber's hi-
protein cereal. Mtatardgreens gave a maximum P-32 value of 1.2/ztzCi/g. Maximum Ru-103/106,
Ce/Pr-144, 1-131, Sr-89, andZn-6$ values of 22, 9.3, 2.6, 1.01, and 0.7 IzttCl/g,respectively, were
obtainedfrom beet top wnples. Carrottops gave the maximum Zr/Nb-95 meu_ of 3.3 ,_
t_tCi/g, while the maxinmmSt-90 value of 0.118 was obtait_ from Gerber's orange juice
(HW-76526).
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Vesetation RadionucHde Contamination Overview
for Hanford and Vicinity 1963

4,

Media Sampled

" Pnmm 8m8 wu collectedfromseveralconmm/t/es andfamdnj areasin the vi¢in/tyof
HanfordProject. &unple8weremnlyzeduslnj a nndtichanmlemrsy spectrometerthatutilizeda
9.inchdimnmrwell-typeNaI(TI)_on crystal. P4diomsclidmobservedincludedK-40, Zn-65,
Zr/Nb-g_,Cs-137, Ru-109/106,i-i31, sad Co/Pr-144. Phcephoms-32andSr-90concentmiomwere
dmnnlned a/terndioclmnical_on andbetacoumins(HW.80991).

Al_mlmr-..lproducefromlocalfarmswu mmlyz_ mini themuneprocedureu employedwith
pumm ffrmmsamples. Radiomsclideexaminationwasalso them, withtheexc_lon thatthere
was noanalysisfor Ru-103/i06. Producesurveyedinclud_ strawberries,asparNlus,lettuce,beets,
cabbese,parsnips,clnrflm, beet tops,beet room,oniom, c_u, beet8teem, apples,beans,
apricou,turnips,pwlm, prom, potatoes,strtnsbmm, berries,cucumber.,sweetcorn, okra,
pm, spmh,and C rW-80991).

Vqptables ml fi_lts werealsopint,lined fiem loud storesand analyzedfor radiomtclide
eealaln/natlon.Red/omlclldeeumlmflon was doneusin8thesameprocedureas previously
discussed,andrediomr.lldessurveyedincluded1-131,Ce/Pr-144,Cs-137, Zr/Nb-95,Zn-65,K-40,
andSt-90. Produceanalyzedincludedlettuce,beet tops, beetroots,redislm, rhubarb,uparasus,
cucumbers,carrots,peacln8,potatoes,sreenpeppers,celery,cabbese, plums,strin8beam, 8teen
onions,zpples,sweetcorn, endive,tomatoes,blueberrim,Romainelettuce,strawberries,_oes,
apdcou, andheadletur.e(HW.80991).

Specialsurveysutiliz_ controllediodinereleaseswereconductedto examinethedepositionof
1-131on vegetation. Lowmmre 8rm, nile brushleaves,Russianthistles,and cbeatsran were
examtmzi(HW._, HW-81746).

Extemivevesetationsamplin8was done followin8anaccidentalreleaseof 60 curiesof I-131
froma HanfordSeparationPlantstackin earlySeptember.Samplln8wasperformedbeginning
September2 andcontinuin8for the nextweekto determinethe 1-131depositionpattern. On-sitesam.
pies includedleafyweeds,cheatsrass,anda baresase stemthathadnormalvegetation8rowth
destroyedby firm.Off-siresamplesincludedpasturegrassfromlocaldairyfarmsandleafyweedsand
8nummfromalonghtshwaysandfromthe pmmanentatmosphericmonitoringstations(Soldat19_).-

" Samp!lugLocations

Pasture Brasswascollectedfromthetwoclosestfannin8areasdownriverfromtheHartfordO

reactorsthatutilizedColumbiaRiverwaterfor irrigation,theRiverviewDistrictof Pasco,
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tpproztnmely30 _es dowmtresm,aud_old, _rozinmely 15 milesdownstream.Pasture
was aim collected_ _, Byer'sLmziing,WestRichltM, BentonCity, Eltopia,andMesa

OlW.m991).

Farm_ Juq_leswee collectedfl'omlocal fm'mJ,ed fl'ulUtad vepttbles werecollected *
fl'omlocal morea(HW-80991).

Vesmtion colloctodaf_ 1-131cram,oiled relemesweremnpled froma largemeteorolosicJd q
fpridm'e8at Hanford(HW-81746,HW.4J05_).

V_ mmapledfoUowingtimacckleml ml_m of 60 curiesof 1-131in earlySeptemberwas
collectedf_mmon-pmj_t Iocmtiom8 milesNW of the Pus_ Vacility,8 milu NNW, 9 milm N,
10 milesN, 7 1/2 mumNNB, i/2 mile SSW, 3 1/2 milesW, 1/2 mile NE, 1 1/2 milesNW, and
2 1/2 mile WSW. Off-projectIocaflom_ 17 milesSB of the PurexP_ility, 28 milesSE, md
15 miles$. Off-projectfarmIocndomlncltzled11miles Rof thePm_ mock, 17 milesE, 17 miles
BSIS,16 milesSSB, 16miles$, 17miles S, 18miles $, 18 milesSE, 22 milesSB, 26 milesSIB,
29 milesSB, 52 miles SB, 54 milesSB, 58 milesSR, tad 60 milesSR of thePurexstack(Soldat
1964).

1969, they_ly avem_ 1-131emlulon fromthe SeparationFacilitiesstackswas
0.38 curtmperday(HW40991).

Fire qum_ avemllei-i31 emtRlomfromtheSeparationFacflitlmota_ was 0.094 _-les per
day. A mmxinmmaabalon of 0.34 mulesper dayomm_ onJmm_ 5, 8ndthemaxtnaunemission
overmvm days was 2,3 curies,whichtim occurredInJmmry (HW-80991,HW-76525.1,
1tW-76525-2,HW-7_2._.3).

Total1-131mniuiom hem theSepm_on Facilitiesstacksavemt_ 0.28 curiesper day during
thesecondquarterof 1963. Thenmximmndailymniuionof 1.33curiesperday, andthenmximum
Nven-daymntulon of 7.4 curies,bothoccurredin June(HW-80991,HW-765254, HW-76525-$,
HW-V_2S-03.

The failureof a fuel elmmz in theKBReactoron May 12, rmultedin the larseststnltlerelease
of fumionproductsto the ColumbiaRiver attrikltableto Hanford. About450 grmmof tmmiumwas
lint, equivalentto 170curiesof 1-131. An automaticColumbiaRivermonitorat the300 Area
showeda rise in riveractivitythatlasted12 to 16hours,p_ aboutfourhoursafterthearrivalof
the leadingedgeof theactivity. Thepeakactivitywas about60_ abovebacksround
(m,-aeA-21_0).

The thirdqumer totalaverage1-131emissionfromtheSepamion Facilitiesstackswas
0.89 curiesper day. A maximumdailyemiuton of 46 curiesperday occurredon September2, asa
resultof anincidentat thePurexSepemion Plant,andthenaximumseven-dayemissionwas
65 Curies(HW.80991,HW-7652S.7,HW-7652S.8,HW-76525-9).
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Total 1-131 emtulom _ the _m-aflon Faclliflm stacks durinl the fourthquarterwu
0,25 _ pet'day. The daily maxinmm of 2.2 curim per day, and the seven-day maximumof
6.3 _ both _ in _ (HW.80991, HW-76525-10, HW-7652_11, HW-76525.12).

O

cemetuemMrarEb'ted

* Amiysis _ were _ in table form in enlls ofpCI/I(IIW-80991).

The avelx_ _ of 1.131 memm_ on san_lm of leafy vesetablm collected _ecn local
from andvqmble markets_ the period of May thmush _mmbw, 1963, was equal to or less
than_ _ lenl ofo.o5pCi/8(trw.m99t).

Rmultsoblalmdhem apeelalcontrolled1-131releaseex_ doneontheHartfordmeteoro.
loslmlsrldindicatedthat_ lodlmdq_itlonwasfoundon_ vesmeonthanondryvesm-
tlm,Omen v_ had__ I0nCl/sq.l_of1-131,andthedryelmatSrsUhadabout
sevea (HW_, HW-81746).

lta_ledtm Ires _em fldd cm_ was found to o_tw at a rm fasm _ _s_ _y. The
eCrecevehttf4_ was4.Sdays,u compmdtothe8 daypl_ictl half-life(HW-mSO0).

M_amn rsdiobotopo couceam_om found in foed munplu obtaim_ from local storm
(HW-80991):

aJ_tto_ s_.d/z _hw/t_

Ce/Pr-144 4.4 beet tops
1-131 0.43 endive
Cs-137 0.34 beet tops
Zt'__ 2.9 beet tOlm
Zn._ 0.22 land lettuce

K.40 8.3 beet tops
Sr.g0 0.025 rhubarb

Maximumredtotmtopecmr.eam_lons found in locally Brownfarm produce (HW-80991, p. 176-177 )

RadiotsotQge _ ........Smsmle_, ,

P-32 0.44 apricots
o Ce/Pr.144 9.6 lettuce

1-131 0.12 beettops, squash
Cs-137 0.4 onlom

Zr/Nb-95 4.0 beet
" Zn-65 1.3 cucumbers

K-40 10.5 parsley
St-90 O.11 lettuce
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Mninnms radioisotopeconceranttiomfoundin pMtu_ 8rm8collectedfromloctttomsur-
rotsndf_Hmtord(HW-80ggl,p. 156-173):

IG40 26 29 4a 40 29 39 37 31 *
4.6 21 0.84 -_ - 0.45 - 0.09

Zir/Nb.g5 M 23 4.5 lJ0 , 21 36 37 30
C8-137 6,4 3.6 5.2 5,9 6.0 4.6 3.6 3.5
Itu-lO_ll06 40 19 41 O 73 14 17 20
1-131 2.7 1.3 0.79 0.63 1.2 2.6 0.38 0.48
_144 48 41 59 63 M 32 48
P..32 N 8.4 ......

0,161 0.37 0.26 0.197 - - 1,47 0.78

00 --m_.

nmdtsf_omthe tpm:_ vqltmtionsurveyfoliowinlJthe 60 curieitccidml_ releue in early
Sqmmbw isuffcmdthatb BemouCity.West Rlchlmdann exhibitedthehiibest1-131deposition,
msSi_ fl'mnI to 10 pCi/8. Themmcbmuncmsceatrsttmsobservedfromanoff-sitemnpl®wu 13
pCi/| fSrmn8teen lu_ collectedf_m a finn 20 milesUE of thePumx_. Themxhmn on..site

_ msvesmttms was2.50pCi/j, hun a 8mnpbcoUected2 1/2 milesWSWof
thePus_ rock. Thesmxismsm1-131am:mumimsdaa:t_ on psmue 8rm was2.7 pC:i/8,sampled
fromit farm22 milesSB of thePurexstack(Soldm1964).

e
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Vegetation RadionucHde Contamination Overview
for Hartford and Vicinity 1964

Media Sampled

- Pasturegrass and agriculturalfarm productswere collected from several communities and
farming areas in the vicinity of the Hanford Project. Samples were analyzed using direct gamma ray
spectrometry techniques. Two hundredand fifty to three hundredgram samples were packed into
16 ounce polyethylene bottles, placed in the well of a large Nal(Tl) scintillation crystal, and counted.
Radioisotopes analyzed included K-40, 1-131, Ce/Pr-144, Zr/Nb-95, Zn-65, and Cs-137. Samples of
pasture grass were also examined for Ru-106. Phoaphoms-32 and St-90 concentrations were deter-
mined after radioclanical separation and beta coming. Farm produce analyzed included onion tops,
radish tops, asparagus,radishes, lettuce, mustardgreens, strawberries, rhubarb,cherries, Romaine
lettuce, leaf lettuce, freshpeas, raspberries,beans, onions, blackberries, carrots, beets, apples, carrot
tops, carrot roots, green beans, pepl_rs, corn (sweet and field), tomatoes, cabbage, cucumbers,
potatoes, squash, melons, sugar beets, string beans, peaches, wheat, watermelon, kohlrabi, green
peppers, hot peppers, cantaloupe, Hale peaches, Elberta peaches, grapes, plums, pears, and yams
(SNWL.90).

Vegetables and fruits were also purchasedfrom local stores and analyzed for radionuclide
contamination. Radioisotopes examinedincluded K-40, Zr/Nb-95, 1-131, Cs-137, Ce/Pr-144, and
Srog0. Produceanalyzed included l_tuce, asparagus,carrots, cabbage, green onions, rhubarb,
mustardgreens, radishes,beets, broccoli, tomatoes, .cucumbers, green peppers, zucchini squash, and
cauliflower (BNWL-90).

Studies were performed to determinethe long-term availability of radi0nuclidesin soil. Field
plots that were comm/nated with Sr-90 andCs-137 in 1952 were examined (HW-83613).

SamplingLoeatious

Pasture grass was collected from the three closest faL_aingareas downriver from the I-Ianford
reactorsthat utilized Columbia River water for irrigation: two farms in the Riverview District of
Pasco, approximately30 miles downstream, and Ringold, approximately 15 miles downstream.
Pastxuregrass samples were also collected from Pasco, Eltopia, West Richland, and Benton City
(BNWL-90).

Farm produce samples were collected from local farms, and fruits and vegetables were collectedw

from local stores (BNWL-90).

Contaminated field plots within Hanfordproject were examined to determine long-term
" radionuclideavailability in soil (HW-83613).
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Significant Events/Emission Quantities

The average1-131 emission from the SeparationsPlant stacks for 1964 was 0.22 curies per day
(BNWL-90).

,rob

First quarter average 1-131 emissions from the SeparationsFacilities stacks was 0. I I curies per
day. The maximum daily emission of 0.54 curies per day, andthe maximum seven-day emission of
2.6 curies both occurred in March(BNWI_90, HW-80892-1, HW-80892-2, HW-80892-3). ,

Total 1-131 emissions from the SeparationsPlant stacks averaged0.22 curies per day during the
second quarter. The maxinmmdaily emission of 0.77 curies per day occurred on April 30, and the
maxinmmseven.day emission of 3.2 curia occurredin June (BNWL-90, HW-80892-4, HW-80892-5,
HW-80892-6).

Durin8 the third quarterof 1964, the total average 1-131emission from the SeparationsFacilities
stacks was 0.23 curies per day. The maximumdaily emission of 0.98 curies per day occurred in
Septmnber(BNWL-90,HW-80892-7,HW-80892-8,HW-80892-9).

The fourthquarteraverage1-131 emissions from the SeparationsPlant stacks was 0.28 curies
per day. The maxinann daily emission of 0.85 curies per day occurred in November (BNWI_90,
HW-80892-10, HW-80892-11, HW-80892-12).

Chinaconducteda tmcleartest on October 16, 1964, which resultedin a temporaryincrease in
1-131 _onceta_ions in the Hanfordvicinity (BNWL-90).

During 1964, an estimated 2400 grams of irradiateduraniumcontaining 920 curies of 1-131
were lost from fuel elements as a result of 97 cladding failures. The uranium lost from any single
fuel element ranged from a few grmm to a maximumof about a hundredgrams, with an averageof
25 grams per failed element. It was assmn_ that all of the 1-131 containedin the uranium was
delivered to the river. An additional800 curies of 1-131 was delivered to the Columbia via the
eftlum_ water. 1-131was produced as a result of the naturaluranium present in the cooling water.
HanfordLaboratoriesdetennin_ that the amountof 1-131 in the Columbia River for 1964 was about
1100 _nlries0U_-REA-2160).

Constituents Measured/Reported

Analysis results were presented in tableform in units of pCi/g (BNWL-90).

Concentrationsof 1-131 found on samples of fresh vegetables collected from local farms and
marketsdurin8 the period May throush September, 1964, were less than or approximatelyequal to "
the detection level of 0.05 pCi/g. There was no significant difference between concentrations found
on local farm produce andproduce purchased from commercial outlets (BNWL-90).
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There were no unusualreleases of radionuclides from Hanfordsources during 1964, and Sr-90
deposition from world-wide fallout was significantly less in 1964 than during she two previous years
(eNWL-90).

" Results from tim studies involving tim long-ram availabilityof radionuclides in soil that was
cmgamimted with St-90 and Cs-137 in 1952 indicated that duringthe twelve year period following
cotnminm'on, tim Sr-90 has moved down the soil profile by approximamlytwelve inches, with little

- change in its availability. The Cs--137remainedinthe upper layer, with itsavailability decreasing by
80_ duringthe first year following contamimtion, andno change thereafter(HW-83613).

Maximum radioisotopeconcentrationsfound in produce samples obtained from local stores
(BNWL-90):

Radioisotom_ _ , San_m19 ,,,

K-40 4.3 mustardgreens
Zr/Nb-95 0.05 mustardgreens, beets

. 1-131 0.16 carrots

Cs-137 0.09 mustardgreens
Ce/Pr-144 2.2 carrots

Sr-90 0.037 rhubarb,radishes, gr. onions,
beets, mustardgreens

Maximumradioisotopeconcentrationsfound in locally grown farmproduce (BNWL-90):

Radioisotope _ _ Samvl_

P-32 < 3.4 tomatoes

K-40 7.0 carrottops
Zn-65 1.1 sweetcorn

Zr/Nb-95 0.06 Hale peaches
1-131 0.19 squash
Cs-137 0.31 string beans
Ce/Pr-144 2.2 carrots

Sr-90 0.043 carrottops
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Maxtmmn radioisotopeconcentrationsfound in pasture grass collected from various locations
mrroendin8 the HartfordProject (BIqW_90):

(Concenu'atiousin pCi/g)

BiiiligJllgll]m Riverview #I Rivgrview #2 _ Pasco _ W. Rich.
_t

P-32 39.0 4.7 6.4 1.3 <0.2 11.0 .(a)
K-40 28.0 28.0 18.0 25.0 28.0 17.0 32.0
Zn-65 42.0 7.6 2.4 0.93 < 0.1 3.0 < 0.1
Zr/Nb-95 2.2 0.51 0.33 0.36 0.69 0.40 0.16
Cs-137 2.0 1.3 0.79 1.2 2.6 1.8 0.77
1-131 1.7 0.46 0.46 1.1 1.6
Ce/Pr-144 13.0 7.4 9.6 8.2 15.0 10.0 5.3
Ru-106 14.0 14.0 8.4 16.0 8.1 6.0 4.0
Sr-90 0.41 - 0.093 0.099 0.052 0.073 0.073

,m

(a) - = notanalyzed.
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Vegetation Radionuclide Contamination Overview
for Hanford and Vicinity 1965

Media Sampled

J' Pasture grass and asricuitural farm products were collected from several communities and
farming areas in the vicinity of the Hanford Project. Analytical results were suppliedby the US
Testing Company, Inc., who perfo_ all routine radioassaysof environmentalsamples. Radioiso-
topes analyzed includedK-40, Zn-65, Zr/Nb-95, Cs-137, 1-131, Ce/Pr-144, Ru-106, P-32, and Sr-90.
Farmproduce analyzed included aaparaStm,carrots, leaf lemsce, string beans, raspberries,apples,
potatoes, cabbage, leeace, new potatoes, red lettuce, green peppers, hot peppers, cucumbers, pars-
nips, okra, dill, Romaine lettuce, green beam, wax beans, zucchini, rhubarb,red potatoes, straw-
berries, beets, corn, tomatoes, squash, cantaloupe,green apples, radishes, onions, and wheat
(BNWI_316-APP).

Vegetables andfruits were also purchasedfrom local stores andanalyzed for radionuclide
contamination, Radioisotopes examinedtncluded K-40, Cs.137, and1-131. Produceanalyzed
includedcabbage, carrots, potatoes, radishes, lettuce, Romaine, peppers, onions, apples, and corn
(BNWL-316-APP).

Sampling locations

Pasture Brasswas collected from the three closest farmingareas downriver from the Hanford
reactors that utilized Columbia River water for irrisation: two farms in the Riverview District of
Puco, approximately30 miles downstream, andRlnsold, approximately 15 miles downstream. Pas-
ture grass samples were also collected from Benton City, 20 miles directly south of the Separations
Facilities, Eltopia, West Richland, and three farms in Pasco (BNWL-316-APP, BNWL-316).

Farm produce samples were collected from local farms, and fruitsand vegetables were collected
from local stores (BNWL-316, BNWL-316..APP).

Significant Events/Emission Quantities

The average 1-131emissions from the HanfordPlant stacks for 1965 wu 0.3 curies per day
03Vl.-SA I).

,O

A Chinese nuclearweapons test on May 14, 1965, resulted in a temporaryincrease in I-131
concentrations(BITWL-316,BNWL. 165).

The H and F reactors were shut-down permanentlyon April 21, 1965, and June 25, 1965,
respectively (BNWL-316).
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DuringSeptember17 through 19, a large quantityof Ru-103 and Ru-106 was released from the
202-S bulldin8 staek (B_C-913),

On September29, 1965, the process tube in the Fuel Element RuptureTest Facility failed,
resultinll in a release of tritium, radioiodines, and noble Bases to the atumspherem_dto the Columbia
River (B_C-913, BNWL-316).

I

ConstituentsMeasuredeported

Analysis results were reportedin table form in units of pCl/8 (BNWL-316-APP).

Concentrationsof radionuclidas found on agriculturalproduce are influencedby the deposition
of airbornecontmntnmmand the amountspresent in irrigationwater(BNWL-316).

The concentm_ons of I-13! found in samples of fresh vegetables collected from local farms and
markets durin8the first half of 1965 throush Septemberwas less than or approximatelyequal to the
reporting limit of 0.05 pCi/g. There was no significant difference in concentrationsfound in local
farm produceand in produce purchasedfrom local commercial outlets (BNWIv.316, BNWL-165).

World-wide fallout contributedessentially all of the $r.90 andCs-137 found in produce sampled
in the Trl-Clty area, as well as the majorityof the 1-131. However, due to the low rainfallamounts
in the region, cow,mgmtions are lower than the national averase (BNWL-316, BNSA-53,
BNWL.165). Cow,emxations of 1)-32, Zn-6$, Cr-$1, As-76, and Np-239 were prLmarilyassociated
with reactoreffluent water (BNWL-165).

Maximmn radioisotopeconcexmmJonsfound in produce smnples obtainedfrom local stores
(BIqWlv-3i6-APP):

ZttoJa .BraZIL

K-40 3.8 potato,_
Cs-137 0.03 potatoes
1-131 0.18 Romaine
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Maximum t_lioisotol_ concentrattomfound in locally 8town farm produce (BNWL-316-APP):

gMlalmaam ugi/a Smie ....

* P-32 < 1.0 misc. produce
K-40 6.0 uptragus
Zn-6$ 0.11 tonmtces

m Zr/Nb-95 0.06 leaf lettuce
Cs-137 0.18 asparagus
I-131 0.10 misc. produce
Ce/Pr-144 3.4 hot peppers
st-go 0.033 greenlettuce

Maxina_ radioisotopece_om found in pasture BraSscollected from locations
surroundll_ Hmlford(BNWL-316-APP):

(Colons inpCi/8)

Riverview #I 6.7 32 3.0 8.6 1.2 1.3 19 10 -(*)
Rlverview #2 - 30 5.1 2.3 0.59 0.52 14 4.5 -
Rinllold 7.1 32 .6 4.3 1.7 0.30 11 12 -
Pure #1 1.0 31 5.0 3.3 1.6 3.5 6 7.7 0.252
Pu_ #2 - 77 - 61.0 0.82 0.43 19 2.2 -
Puco #3 < 1.0 26 3.3 0.20 0.68 0.21 5 15 -

Eltopia - 32 - 13.0 1.7 0.25 37 20 0.239
W. Richland 2.9 65 0.11 15.0 1.2 0.97 15 2.9 0.387
Benton City - 56 <0.1 3.4 0.81 0.31 6 6.6 0.039

-- . . .

(a) - = not analyzed.
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Vegetation RadionucUde Contamination Overview
for Hantord and Viclnit-j i966

Med Stupid
Pamue firm andallrlculmralproducewerecollectedfromseveralcommunitiesandfanning

areasInthevicinityof theHartfordProject. Analysisresultsweresuppliedby the US Testing
_, Inc., whoperformedall rmstlsmradioasaaysof theenviromsm_ samples. Radioisotopes
analyzed_ P-32, K-40, Zn-6.q,Zr/Nb.95,Cs-137, 1-131,Ce/Pr.144,Ru.106, andSr.90.
Farm_ analyzed_ asimallus,cherrlm,rhubarb,leaf lettuce,radidms,peas,carrots,
pmatom,aprlcom,lettuce,cumin, cornon cob, tomatom._en apples,cabbase,peaches,and
apples(BNWL-439,BNWL-439-APP).

Vellecsblesandt_mltswerealsopurdmed from localstoresandanalyzedfor radionucllde
cmmmtnaflem.Radtotsmepmexamlmd_ K-40, Zn-6.q,Cs.137, andSr.90. Produceanalyzed

mdlstms,pinafore,lmuce, carrots,tmmmm,cornon cob, andcucumbers
(BNWL-439-APP).

A specialsurveywascouduaedto evaluatetheradlologlcalconditionsalon8theriverbankofthe
CobnnbtaRiver. NativeVellmflonFowin8 alonllthe riverbankwascollectedandexaminedfor
radl_ty (BNWL-CC-468).

SamplingLocations

iqumueBrasswascollectedfromthethreeclosestfarm_ areasdownrtverfrom theHanfcrd
reactorstim utilizedColumbiaRiverwaterfor irrigation:two farmsin the.Ringoldarea,approxi.
mately13milesdo_, anda farmin theRlvervtewirrtsaflondistrictof Pasco,approximately
30 milesdowmtream.PastureIlrau sampleswerealsocollectedfromBentonCity,20 milesdirectly
southoftheSepamiomFacilities,Eltopla,twofarmsinPasco,andtwofarmsinWest Rlchland
0SNWI_39,BNWL-4Sg-APP).

Farm produce mnplm were collectedfrom local/arms, andfruits and vegetableswere collected
fromlocalstores(BNWL.439,BNWL-439-APP).

Nativevegetationsamplescollectedas partof thespecialsurveyto determineradiological
conditionsalon8theColumbiariverbankwereobtainedfromRingold,theareabetweenHanfordand
Rinsold,theresionbetweenHartfordandthe300Area,andtheareabetw,,.__._'.he300Areaand

" Richland(BNWL-CC.468).
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_nflc.nt Events/Emission (_flflu

An abnormalrelmmof rtdioiodine8hem a productionreactoratHanfordto the ColumbiaRiver
on Pebrusry11, 1966, resultedin elevsted1-1:31coacmtr_om (BNWI..439,BNWI.-391).

A Chinesenucletrwespom teston May9, 1966, resultedin a temporsrylncreue in 1-131
(BNWL-439,BNWL-391).

q

All Hsnford reactorswere8hutdownin earlyJulythroushlateAulpatas a resultof a labor
dispute. Sljnlflcm reductiomin ntdiomtcndecom:mmiom occurreddurin8thisperiodu a result
oftin ,trilm(nNWL439).

On October27, 1966, ChinaJemidRussiannucleartern taq_rnrny increased1-131
oonceauwtomfBNWL..439).

Constituents Measured/Reported

Amlysi8 remdmwere reportedin tableformin unitsof pCi/8 (BNWL.439.APP).

Conceatrlimnof _ foundonqricultundproduceare influmcedby thedeposition
of a_,bormcommnhmn andthemnmsmpresentin irri_ water(B_39).

The coacmm_om of 1-131foundin ms_es of ft_h vesetablmcollectedfromlocal ftmu and
amrkmdufln8thefirsthalfof 1966throu_ Sq_mber, was lm thanor approxinmelyequalto the
reporfln8limitof 0.05 pCl/8. Therewas no sisnlflcautdifferencein concentratiomfoundin local
farmproduceandin produceimzchled fromlocalcommercialoutlets(BNWL-439,BNWL-391).

Analysisresultsfor i966 indicatedthatmostof the_nmental radiationdose wasdue to
naturalsourcesandworld-widefallout,ratherthanto Hanfordoperations(BNWL-439,BNWI_391).

Themtjorsourceof low-levelwastereleasedto theenviromnentfromHanfordPlantswas
reactorcoolingwaterthatwasdischargedintotheCohunbhtRiver(BNWL.391),

TheRlverviewandRtnjoldareasutilizeColumbiaRiverwaterfor irrisatton. Thebiolosically
importantradionuclidesP-32 andZn.6$, whicharerelativelyIons-lived,havebeenfoundin sufficient
qumitie8 on farmprodttct80BNWLeSA-601).

Vesemi0n th_ was lrristtedby theColmnbiaRiverat leastonce a yearor whichobtainedwater
andmineralsfromthe jp,oundclose to the rivershoweda silp_iflcantconcentrationof radionuclides. ,.
Activitylevels ransedfrom200 to I000countsperminutefor Rinsoldandthe areabetweenRingold
andHartford.Readinlpatthe water'sedgeat Rinsoldransedfrom I000 to 3500 countsperminute.
In theareabetweenHanfordandthe300 Area,activitylevels atthe water'sedse ransedfrom 1000 ,e

to 3000 countsperminute,decreasin8to 250 countsperminuteat Richland(BNWL-CC-4458).
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World-widefalloutcontributedessentiallyall of the strontiumandcesiumfoundin foodproducts
in theTri-Clty area.Concentrationsof theseradioisotopesfoundin localproduceis belowthe
nationalaverNledue to the low rainfallamountsin theHanfordvicinity(BNWI_SA-601,
BNWL439).

4t

Mmduun radioisotopeconcentratiomfoundin foodsamplesobtainedfromlocalstores
CBNWI.439-APP):

D

K-40 4.3 potatoes
Zn-65 < 0.I all samples
Cat-137 < 0.03 all samples
Sr.90 0.015 c.trrom

Maxhnmnradioisotope_*.iom foundin locallygrownfarmproduce(BNWL-439-APP):

Sanmle

P-32 3.8 elmrfles
K.40 6.2 lettuce
Zn-6S 0.39 leaflettuce
Zr/Nb-gS 0.29 lettuce
1-131 <0.03 cornon cob
Cs-137 0.08 lettuce
Ce/Pr-144 < 1.0 cucumbers,lettuce
Sr-90 0.064 cabbage
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Maximum radioisotopeconcentrationsfound in pasturegrass/hay for locations in the vicinity of
Hartford(BNWL-439-APP):

(Concentrationsin pCi/g)
-0

Location _ _ Zn.65 Zr/Nb-95 Cs-137 1-131 Cf/pr-144 Ru-106 Sr-90

Riverview 1.1 29 5.4 6.8 0.80 0.58 7.0 2.5 0.131
I

Ringold #1 50.0 15 2.4 2.2 0.22 0.16 6.0 11.0 0.066
Ringold 02 .(a) 37 1.1 0.16 0.20 0.21 < 1.0 1.8 -
Pasco #1 9.0 28 0.68 2.1 0.38 0.26 14.0 1.8 <0.002
Pasco 02 - 32 - 10.0 1.10 0.16 58.0 5.0 -
Eltopia - 37 0.35 3.4 0.31 0.31 8.0 3.7 < 0.002
W.Richland #1 - 15 - 5.2 0.33 0.10 2.0 1.0 -
W.Richland 02 - 25 - 0.29 0.30 <0.05 < 1.0 0.60 -
Benton City - 53 0.61 5.7 0.75 0.10 3.0 1.1 -

(a) - = not analyzed.
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Vegetation Radionuclide Contamination Overview
for Hqnford and Vicinity 1967

q

Media Sampled

• Hay and pasture grass andagriculturalproduce were collected from several communities and
farmingareas in the vicinity of the Hanford Project. US Testing Company, Inc., providedanalytical
results after performingall routine radioassaysof environmentalsamples. Radioisotopes analyzed
included P-32, K-40, Zn-65, Zr/Nb-95, Ru-106, 1-131, Cs-137, and Ce/Pr-144. Farmproduce
analyzed included cherries, asparagus,strawberries,peas, beans, apricots, lettuce, apples, tomatoes,
peaches, potatoes, andeggplant (BNWL-983, BNWL-983-APP).

A special vegetation survey was performed in late August. Several samples of nativevegetation
including dry weeds and green weeds were analyzed for Sr-90, Ru-103/106, Cs-137, and Zr/Nb-95
(BNWL,CC-1197-6).

Sampling Locations

Hay and pasture grass were collected from the two closest farmingareasdownriver from the
Hanford reactorsthatutilized Columbia River waterfor irrigation: a farm in Ringold, approximately
15 miles downstream,and a farm in the Riverview IrrigationDistrict of Pasco, approximately
30 miles downstream. Hay and pasturegrass samples were also collected from three farms in Pasco,
two farms in Eltopia, two farms in West Richland, a farm in Benton City, and a farm in Mesa
(BNWL-983, BNWL-983-APP).

Farmproduce samples were collected from local farms (BNWL-983, BNWL-983-APP).

On August 31, native vegetation samples were collected from the backfill areaover the old
B-ditch (BNWL-CC-1197.6).

Significant Events/Emission Quantities

. Fallout from a nuclear weapons test on December 27, 1966, reached the Hanfordvicinity in
early January, resulting in increased totalbetaactivity (BNWL-CC-1197-6, BNWL-983).

, In June, 1967, D Reactor was shut down perrrmnently(BNWL-665, BNWL-983,
BNWL-CC-1197-6).

An increased emission rate of 1-131from a chemical separations facility in March resulted in
_gher 1-131concentrations (BNWL-CC-1197-6).
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Iodine-131 concentrations increased in April at the 300 Area following above normal emissions
from laboratory buildings (BNWL-CC-1197-6).

In April, 1967, the presence of Sb-122, having a half-life of 2.8 days, was detected in Columbia
River water (BNWL.665).

Nuclear weapons testing June 17 resulted in increased radionuclideconcentrations (BNWL-983,
BNWL-CC-1197-6). o

During 1967, the Redox separationsplant was retired from routine operation (BNWL-983).

On September 16, 1967, a fuel element cladding failure resulted in approximately 15 curies of
1-131being delivered to the Columbia River (BNWL-CC-I197-6).

Approximately30 to 35 curies of 1-131were released to the Columbia River on October 27 as a
result of a fuel element cladding failure (BNWL-CC-II97-6).

A nuclear weapons test on December 24, 1967, resulted in increased radionuclide concentrations
duringthe last week of December (BNWL-CC-1197.6).

Constituents Measured/Reported

Analysis results were reported in table form in units of pCi/g (BNWL-983-APP).

Analysis results for 1967 indicated thatmost of the environmentalradiationdose was due to
naturalsourcesand world-wide fallout, ratherthanto Hanfordoperations (BNWL-665).

The majorsource of low-level radioactive waste released to the environment from Hanford
plants is reactorcooling water dischargedto the Columbia River (BNWL-983, BNWL-665).

Radioactivity found in local produce is influencedby the deposition of airborneradionuclides
and by irrigation with river water containing reactor effluent (BNWL-665).

The concentrations of 1-131 found in samples of fresh vegetables and fruitscollected from local
farms during the first half of 1967 through September, was less than or approximately equal to the
analytical limit of 0.05 pCi/g (BNWL-665, BIqWL-983).

Samples of dry weeds collected on August 31 from the old B-ditch showed the presence of
Sr-90, Ru-103/106, Cs-137, and Zr/Nb-95. A green weed sample contained Sr-90 and Cs-137
(BNWL-CC-1197-6). "
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Maximumradioisotope concentrationsfound in locally grown fruits and vegetables
(BNWL-983-APP):

Radioisotoce _ Sampleq

P-32 < 1.0 all samples tested
K-40 8.2 peas

" Zn-65 0.40 peas
Zr/Nb-95 < 0.07 cherries, peas
Ru-106 < 0.88 lettuce.
1-131 <0.14 lettuce
Cs-137 <0.11 beans

Ce/Pr-144 < 1.0 apricots

Maximum radioisotope concentrationsfound in hay/pasturegrass samples collected from
locations surroundingHartford(BNWL-983-APP):

, Concentrationsin pCi/g)

Location P-32 K-40 Zn-65 Zr/Nb-95 RU-106 1-131 Cs-137 Ce/Pr-144

Riverview 13.0 33 3.8 2.20 5.8 4.1 < 0.31 11.0
Ringold 20.0 45 1.6 0.47 <2.4 <0.89 <0.27 <6.1
Pasco #1 41.0 32 <0.34 0.67 <2.6 <0.34 <0.30 <2.5
Pasco #2 .(a) 35 < 0.1 0.61 < 2.39 1.1 0.29 < 3.9
Pasco #3 < 1.0 29 < 0.30 1.3 < 1.7 < 0.33 < 0.20 < 3.8
Eltopia #I - 32 < 0.20 1.1 < 2.2 < 0.58 0.38 < 5.1
Eltopia#2 - 30 - <0.16 <1.3 <0.51 <0.15 <3.6
W.Richland #1 - 17 <0.31 1.30 < 1.5 <0.47 0.27 <4.0
W.Richlaad 02 - 30 - 0.50 < 1.5 < 0.26 0.36 < 2.4
Benton City - 68 - 1.3 < 1.9 < 0.42 0.22 < 3.8
Mesa - 29 0.68 0.40 <2.1 <0.60 0.28 <4,4

(a) - ffi not analyzed.
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Vegetation RadionucHde Contamination Overview
for Hartford and Vicinity 1968

Media Sampled

" Hay and pasture grass and agricultural produce were collected from several communities and
farmingareas in the vicinity of the HanfordProject. Analytical results were supplied by the US
Testing Company, Inc., who performedall routine radioassaysof environmentalsamples. Radioiso-
topes analyzed includedP-32, K-40, Sc-46, Zn-65, Zr/Nb-95, Ru-106, Sr-89, St-90, Ce/Pr-144,
1-131, and Cs-137/Ba-137m.(a) Farmproduce examined included lettuce, spinach, cabbage,
cherries, onions, corn, potatoes, plums, peaches, red cabbage, peppers, tomatoes, carrots, prunes,
grapes, beam, squash, cucumbers, rhubarb,green beans, sweet potatoes, dill, cantaloupe, and
apricots (BNWL-1341-APP, BNWL-1341).

Special radiationsurveys were conducted monthlyon roads in the Hanfordenvirons.
Contaminatedweeds were found in March, May, June, and October (BNWL-CC-1850,
BNWL-CC-2026).

Sampling Locations

Hay and pasturegrass were collected from several farms surroundingthe Hanfordreservation.
Samples were collected from two farms in the Riverview District of Pasco, which are approximately
30 rifflesdownstreamof the Hartfordreactors andutilize Columbia River water for irrigation, three
farms in Pasco, anda farm in Mesa (BNWL-1341-APP).

FarmproducewascollectedfromlocalfarmsintheHartfordvicinity.Samplingareasincluded
thePasco/Riverviewarea,BentonCity,Ringold,WestRichland,andKennewick(BNWL-1341-APP).

Contaminatedweeds,discoveredduringroadsurveys,werefoundalongthefenceinthesouth-
westcornerofthe200WestArea,insidethe200B-CCribArea,alongthedirtroadsouthofthe
200B-C CribArea,andinsidethefenceatthenortheastcomerofthe200EastArea
(BNWL-CC-1850,BNWL-CC-2026).

Significant Events/EmissionQuantities

q Increased1-131concentrationsin the Hanfordenvironmentduring January, and higher amounts
of total beta activity from airborneparticulatesduringthe first half of 1968 were due to fallout from
foreign nuclear weapons testing in late Decemberof 1967 (BNWL-1341, BNWL-CC-1850).

_t

i

(a) The term metastable(m) refers to the relatively stable but transient state of the isotope.
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The B Reactorwas retired in mid-February,leaving three productionreactors operational
(BNWL-778-2, BNWL-CC-1850, BNWL-1341).

Slight 1-131 emission increasesoccurred in January,March, April, July, August, September,
and November from laboratorybuildings, the l_.trexstacks, and the Chemical Separationfacilities,
resulting in increased1-131 concentrations(BNWL-CC-1850, BNWL-CC-2026).

An event at the Nevada Test Site duringmid-December resulted in a temporaryincrease in total
beta activity in the atmosphere. Highest values were found in the Walla Walla area during the period
December 6 throughDecember 20, and were attributedto radiotungsten(BNWL-1341,
BNWL-CC-2026).

Constituents Measured/Reported

Analysis results were reportedin table form in units of pCi/g, wet weight (BNWL-1341-APP).

Analysis results for 1968 indicatedthat most of the environmentalradiationdose in the Hartford
vicinity was due to naturalsources and world-wide fallout, rather than to Hartfordoperations
(BNV4L-1341).

The majorsource of low-level wastes released into the environmentfrom Hanfordplants in 1968
was reactorcooling water dischargedto the Colmnbia River (BNWL-1341).

Concentrationsof 1-131 found in samples of fresh leafy vegetables collected from local farms
andmarkets during the period May throughSeptember were less thanor approximatelyequal to the
analytical limit of 0.05 pCi/g (BNWL-1341).

Amountsof the fallout radionuclidesH-3, Sr-90, and Cs-137, are below the national average in
the Hanford areadue to the low rainfall in the vicinity (BNWL-1341).

During March, contaminatedweeds found at the comer of the southwest fence in the 200 West
Area gave a reading of 400 c/m (GM) (BNWL-CC-1850).

During May, particulatematerials associated with weeds and other organic debris found along
the dirt road south of the 200 B-C Crib Area hadGM readings as high as 100,000 c/m
(BlqWL-CC-1850).

During June, radioactiveweeds found inside the fence at the northeastcomer of the 200 East
Area had a maximumradiation level of 150 mrads/hr(Juno) (BNWL-CC-1850). ,

A contaminatedweed found in the 200 B-C Crib Area during a road survey in late October gave

a readingof 2000 c/m (GM) (BNWL-CC-2026).
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The maximum radionuclide concentrations found in hay/pasture grass samples collected from
farming areas in the Hartford vicinity (BNWL-1341-APP, p. 90-91):

(Concentrations in pCi/g)
G

Cs-137/ Ce/

Location P-32 K-40 Sc-46 Zn-65 Zr/Nb-95 Ru-106 1-131 Ba-!37m Pr-144
O

Riverview #1 1.1 26 0.20 <0.49 0.38 <2.2 <0,57 0.38 <3.8
Riverview_2 2.3 24 1.5 2,3 <0.31 <2.52 <0.30 <0.29. <3.0
Pasco#l <1.0 *(a) 28 -Co) - 0.71 <1.6 <0.16 0.17 <3.7
Pasco_2 <1.0" 20 - - <0.16 <1.2 - <0.14 <3.3
Pasco #3 4.1 16 - - <0.21 <1.8 - <0.17 <1.8
Mesa - 24 - - 2,5 < 1.4 <0.31 <0.16 <3.7

(a) * - analytical limit.
(b) - -- not analyzed.

The maximum radionuclide concentrations found in fruits and vegetables collected from farms in
the Hartford vicinity (BNWL-1341-APP, p. 93-95):

(Concentrations in pCi/g)

Location P-32 I_-40 Zn-65 Sr-89 St-90 Zr/Nb-95 !-DI Cs-137/Ba-137m

Pasco/ 1.2 31.0 1.0 0.012 0.035 0.20 < 0.13 < 0.14
Riverview dill dill dill cabbage lettuce dill lettuce/beans lettuce/cabbage

Benton <1.0"(') 4.0 <0.19 <0.002 <0.002 <0.11 <0.12 <0.11
City all lettuce lettuce tomato tomato lettuce cabbage lettuce

Ringoid < 1.0" 1.9 <0.1 .Co) . . <0.059 <0.051
peaches peaches peaches peaches peaches

West < 1.0" 3.2 < O.17 0.003 0.006 < 0.048 < 0.096 < 0.088
Richland all carrot peppers carrots carrots tomatoes squash peppers

Kennewick < 1.0" 4.2 0.18 0.002 0.12 <0.094 <0.13 <0.090
all sweetpotatoes beans carrots carrots beans beans beans

• (a) * = analyticallimit.
Co) - = notanalyzed.
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Vegetation RadionucHde Contamination Overview
for Hartford and Vicinity 1969

Media Sampled

• Hay and pasture grass were collected from several farms in the vicinity of the Hanford Project
and nearby communities. Analytical results were supplied by the US Testing Company, Inc., who
performedall routineradioassays of environmentalsamples thatwere collected by Battelle Northwest
employees. Radioisotopesanalyzed includedK-40, Cr-51, Mn-54, Sr-90, Zr/Nb-95, 1-131,
Ru/Rh-103, Ru/Rh-106, Cs-137/Ba-137m, Ce-141, andCe/Pr-144 (BNWL-1505, BNWL-1505-APP).

Fruitswere collected from Ringold andthe Pasco/IUverviewregion, two fanning areasdown-
river from the Hanfordreactors thatutilize ColumbiaRiver water for irrigation, as well as from the
Richlandarea. Samples were analyzedfor I)-32, K-40, Zn-65, Sr-90, 1-131, ZrlNb-95, and
Cs-137/Ba-137m by the US Testing Company, Inc., who performedthe radioassays andprovided
analyticalresults. Fruitsanalyzed included rhubarb,strawberries,gooseberries, cantaloupe, water-
melon, grapes, plums, apples, and cherries(BNWL-1505, BNWL-1505-APP).

Leafy vegetables were collected from the Pasco/Riverview Area by Battelle Northwest
employees. Radioassays were performedby the US Testing Company, Inc., who provided analytical
results. Radionuclidesexamined includedI)-32, K-40, Zn-65, Sr-89, St-90, Zr/Nb-95, Ru/Rh-106,
1-131, Cs-137/Ba-137m, and Ce/Pr-144. Leafy vegetables sampled included leaf lettuce, spinach,
Swiss chard,mustard, beet tops, carrottops, lettuce, radishtops, and cabbage (BNWL-1505,
BNWL-1505-APP).

Other vegetables, excluding leafy varieties, were also collected from the Pasco/Riverview Area.
Analytical results were provided by the US Testing Company, Inc., and radionuclidesanalyzed
included 1)-32, K-40, Zn-65,"Sr-90, Zr/Nb-95, Ru/Rh-106, 1-131, Cs-137/Ba-137m, and Ce/Pr-144.
Vegetables sampled included beets, peas (including shells), carrots, onions, dill, peas (shelled),
radishes, peppers, onion tops, squash, corn on the cob, potatoes, tomatoes, cucumbers, eggplant,
okra, string beans, andsweet potatoes (BNWL-1505, BNWL-1505-APP).

During the first half of 1969, a special radiological survey was performedaroundthe 200 East
Area following reportedincreases in alpha and total beta concentrations. Vegetationsamples were
collected and analyzed for total beta and alpha activities. Principalgamma emitters were reported
(BNWL-CC-2478).

Desert vegetation was collected from a small areain the southwest section of Hanford duringthe
t first half of 1969, in an effort to determinewhether the land would be suitable for release for public

use. Samples were analyzed for gammaemitters to include Cs-137/Ba-137m, Be-7, K-40, Sc-46,
Mn-54, Zr/Nb-95, Ru-103, Ru/Rh-106, Sb-125, Ba/La-140, Ce-141, Ce/Pr-144, Eu-154, Ew155,

" TI-208, Bi-212, and Pb-212. Off-site comparisonsurveys were also performed(BNWL-CC-2478).
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On November 24, 1969, a special radiological survey was performedfollowing reported
increases in ak contamination. Native vegetation samples were collected and analyzed as part of this
survey (BNWL-CC-2583).

_p

Sampling Locations

Hay and pasture grass were collected from several farms in the vicinity of the Hartfordreserva-
tion. Samples were collected from two farms in the Riverview District (farm#I and farm # 4),
which are approximately30 miles downstreamfrom the Hartfordreactors andutilize Columbia River
waterfor irrigation, two farms in Pasco (farm#2 and farm #4), a farm in Eltopia (#2), farm #I in
West Richland, and farms in Mesa, Benton City, and Finley (BNWL-1505-APP).

Fruitswere collected from farms in the Pas_/Riverview area, Ringold (which also utilizes
Columbia River water for irrigationand is approximately 15 miles downstreamfrom the Hartford
reactors), andRichland. Vegetables were collected,from the Pasco/Riverview area
(BNWIA50S-APP).

Vegetationwas collected as part of a special survey followin8 increasedalpha and beta concen-
tratiom in the 200 East Area. Samples were collected from areasincluding the vicinity of well
69942-42+ northof the 200 Area, east of the 200 Area, andnear the 200 West Gate
NWL-CC-2478).

Desertvegetationwascollectedfrom thesouthwestportionof Hanforddurin8the first half of
1969to determinewhetherthe areacouldbeutilizedby thepublic. Regionssurveyedincludedthe
EmergencyRelocationCenter,theboundaryfence,Section8, SectionI0, Section18, andalon8
Hishway240. A comparisonsurveywasperformedfrom off-sitelocationsincludingFinley,Benton
City, Big _ IndnstrialPark,bland View, andPlymouth(B_-CC-2478).

On November24, 1969,a specialvegetationsurveywasconductedbetweenRoute11-Aandthe
north boumlaryof the 200 East Area after high air concentrationswere reported(BNWL-CC-2583).

Significant Events/Emission Qi.mnflties

In late January, 1969, elevated releases of 1-131 from a laboratorybuilding resulted in increased
1-131 colons (B_C-2478).

Durin8 the first hrAfof 1969 increases in total beta were attributedto waste handling and
processing operations(BNWL-CC-2478).

In April the 100-C Reactorwas retired, leaving two single-pass reactors and the N-Reactor in
operation(BNWL-1427-REV, BNWL-1505). .

A foreign weapons test thattook place in late December, 1968, resulted in increased atmospheric
total beta in March, with peaks occurring in June and August (BNWL-1505, BNWL-CC-2478).
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Durin8 early June, 0.58 curies of 1-131were released from the 325-B Annex stack, resulting in
increased 1-131 concentrations(BNWL-CC-2478).

The Plutonium Recycled Test Reactor (PRTR) was retiredin July 1969, andwas not operational
* six months prior to its ret_ (BNWL-1427-REV).

In July, an unusual release of 1-131 from a lab facility resulted in elevated 1-131 concentrations
• (BNWI_C-2583).

Foreign nuclear weapons testing occurredon September22 and 29, 1969, but no significant
envimmnm_ radiationincreaseswere noted (BNWI_1505, BNWL-CC-2583).

Constituents Measured/Reported

The major source of low-level wmtes released to the environmentby Hanfordoperations in 1969
was reactorcooling waterdischarged to the Columbia River (BNWL-1505).

The Haa/ord environmentalsurveillance program for 1969 indicated thatmost of the radiation
dose for the majority of the population in the Hanfordvicinity was due to naturalsources and world-
wide fallout ratherthan to tlmffordoperations (BNWI_1505).

Analytical results were reported in table form in units of pCi/g, wet weight (BNWL-1505-APP).

The conc_,ntratiomof fallout radionuclidesfound in the Hanfordvicinity, principally H-3, Sr-90,
and Cs-137, are below the nationalaverage due to the low rainfall in the region (BNWL-1505).

Colons of 1-131 found in fresh leafy vegetables collected from local farms and markets
during the period May throughSeptemberwere less than or approximatelyequal to the analytical
Umitof0.05i/g telqWL-1505).

Analytical remits from the special survey performedon November 24 between Route 11-A and
the northboundaryof the 200 East areaindicated the presence of Cs-137 in vegetation samples
collected from three locations near the north boundary(BNWL-CC-2583).
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The maximum radionuclide concentrations found in locally grown fruits (BHWL-1505-APP):

(Concentrations in pCi/g)

....P-32 K-40 Zn-65 Cs-137/Sr-90 Zr/Hb-95 I-1_]_ Ba-137m

Puce/
Riverview < 1.0"(a) 3.4 0.33 < 0.200 < 0.03* < 0.083 < 0.052
(sample) all rhubl_ plums rhubarb all cantaloupe rhubarb •
Rinllold < 1.0" 2.2 <0.1" <0.20 <0.03* <0.066 <0.03*
(sample) all gral_ all cherries all cherries all
Rkhland < 1.0" 2.1 <0.1" 0.026 <0.03* <0.05* <0.037
(sample) all rhubarb rhubarb rhubarb rhubarb _ubarb rhubarb

(It) * - uslyticallimit.

Maximum radioeaclide concentrations found in leafy vegetables collected from the Pasco and
Riverview vicinity (BNWL-1505-APP):

Radionuclide _ .._

P-32 < 1.0" (a) all

K-40 18.0 carrot tops
Zn-6 3.3 carrot tops
Sr-89 0.002* cabbage
Sr-90 0.075 carrot tops
Zr/Hb-95 3.4 carrot tops
Ru/Rh- 106 7.9 carrot tops
1-131 0.55 carrot tops
Cs-137/l_-137m 0.22 carrot tops
Ce/Pr- 144 1.2 carrot tops

(a) * - analytical limit.
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Maximumradionuclideconcentrationsfor vegetables (excluding leafy varieties) collected from
the Pasco/Riverview Area (BNWL-1505-APP):

... Radionuclide vCi/2 Sanmle
"_ P-32 <-1.0_ (a) all

K-40 6.3 dill
Zn-6 0.39 onion tops

* Sr-90 0.039 onions
Zr/Nb-95 0.37 beets
Ru/Rh-10 0.65 beets
1-131 0.19 onions
Cs-137/Ba-137m 0.094 onions
Ce/Pr-144 2.0 potatoes

(a) * - analytical limit.

Maxinmmradionuclideconcentrationsobserved in hay/pasturegrass samples
(BNWL-1505-APP):

Radionuclid9 _i/2 Location Samoled

K-40 20.0 Paaco Farm#2, Mesa
Cr-51 < 0.71 Benton City
Mn-54 < 0.20 Pasco Farm#4
Sr-90 0.007 Riverview Farm #4
Zr/Nb-95 2.4 Pasco Farm#4
Ru/Rh-103 0.33 Paaco Farm#4
Ru/Rh-106 3.7 Pasco Farm#2
1-131 <0.63 Pasco Farm#4
Cs-137/Ba-137m < 0.5 Benton City
Ce-141 0.46 Pasco Farm#2
Ce/Pr-144 <9.0 Pasco Farm#4

Analytical results from a special vegetation survey conductedaroundthe 200 East Area during
the first half of 1969 indicated that the highest beta activity observed occurred in the eastern and
northernportions of the area. The maximumconcentrationobserved was 13 pCi/g, wet weight, from
a sample obtainednear well 699-42-42. The principal gamma emitters were Ce/Pr-144 and
Cs-137/Ba-137m, with the latterhaving a concentrationof 8.8 pCi/g. The averagealpha activity

¢ observed on vegetation samples was 0.04 pCi/g, with a maximumactivity of 0.09 pCi/g, observed
from a sample collected near the 200 West Gate (BNWL-CC-2478).

• Desert vegetation collected as partof a special radiological survey to determine the suitability of
the southwest portion of Hanford to be used by the public, was analyzed for gammaemitters. The
predominantgammaemitter observed was Cs-137/Ba-137m, with a maximum concentrationof
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2.0 pCi/g detected on a sample collected near the intersectionof the Emergency Relocation Center
Road and the boundaryfence. Other radionuclidespresentin the area included Zr/Nb-95, Be-7,
K.-40,Sc-46, Mn-54, Ru-103, Ru/Rh-106, Sb-125, Ba/La-140, Ce/Pr-144, Ce-141, Eu-154, Eu-155,
TI-208, Bi-212, and Pb-212. Concetaxationsof Cs-137/Ba-137m observed in samples collected from
Sectiom 8, 10, and 18 ransed from 0.3 to 1.7 pCi/g, while samples collected along Highway 240
rangedfrom O.1 to 1.1 pCi/g. Comparisonsurveys indicated that vegetation samples collected from
Finley, Benton City, Big Puco IndustrialPark, bland View, and Plymouth hadsimilar radionuclides,
but less activity. Cs-137/l_-137m concentrationsfrom these locations ransed from < 0.05 to *
0.7 pCi/g. The radioactivitylevels observed were believed to be due to weapons testing fallout
OSNWL-CC-2478).
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Vegetation RadionucHde Contamination Overview
for Hanford and Vicinity 1970

ot

Media Sampled

• Hay andpasture grass samples were collected from several farms in the vicinity of the Hanford
Projectand surroundingcommunities. Analytical results were suppliedby the US Testing Company,
Inc., who performedall routine radioassaysof environmentalsamples that were collected by Battelle
Northwestemployees. Radioisotopes analyzedincluded P-32, K-40, Zn-65, Zr/Nb-95, Ru-106,
1-131, Cs-137/Ba-137m, and Ce/Pr-144 (BNWL-1669-ADD).

Locally grown fruits were collected from the Pasco/Riverview area, a farmingregion downriver
from the Hanford reactorsthat utilizes Columbia River water for irrigation, as well as from the
Benton City area. Cmnposite fruit samples were analyzed for P-32, K-40, Zn-65, Sr-90, 1-131, and
Cs-137/Ba-137m (BNWL-1669, BNWL-1669-ADD).

Locally grown vegetables were collected andanalyzed. Composites of leafy varieties were
analyzedfor P-32, K-40, Zn-65, Sr-89, Sr-90, Zr/Nb-95, Ru-106, 1-131, Cs-137/Ba-137m, and
Ce/Pr-144, while composites of non-leafy varietieswere analyzed for 1)-32, K-40, Zn-65, Sr-90,
Cs-137/Ba-137m, an0 Ce/Pr-144 (BNWL-1669, BNWL-1669-ADD).

Conmnercialvegetables andfruits were purchasedfrom Tri-City stores. Composite samples of
leafy vegetables were analyzed for P-32, K-40, Zn-65, Sr-89, Zr/Nb-95, Cs-137/Ba-137m, Sr-90, and
Ce/Pr-144. Composite samples of non-leafy vegetables andfruits were analyzed for P-32, Z-40,
Zn-65, Sr-90, 1-131, Zr/Nb-95, and Cs-137 (BNWL-1669, BNWL-1669-ADD).

A special survey was performed in July on Vegetationgrowing at the water's edge of B Swamp
and B Ditch. Samples were collected and analyzed for alpha emitters, Sr-90, Zn-65, Zr/Nb-95,
Cs-137, andRu-106 (BNWL-C-96).

SamplingLocztiom

Hay and pasture grass samples were collected from Riverview Farm#I andRiverview Farm#3,
two farms approximately30 miles downriverof the Hanfordreactorsthat utilize Columbia River
water for irrigation, Be_on City Farm #I, andColumbia Basin (BNWL-1669-ADD).

Locally grown fruits andvegetables were collected from the Pasco and Riverview area and
Benton City (BNWL-1669-ADD).

• Commercial fruit and vegetable samples were purchased from Tri-City stores (BNWL-1669).

Vegetationgrowing along the edge of B Swamp and B Ditch on the Hartfordreservationwas
collected mtdanalyzed for radioactivity(BNWL-C-96).
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Significant Events/Emission Quantities

In February, 1970, th_ 100-KWReactor was shut down, leaving the 100-KE, a single-pus
reactor, and the 100-N Reactor, a recirculatingcoolant dual purpose reactorin operation
(BNWL-1669,BNWL-C-96).

From February to April, and in September no reactors were operating (BNWL-1669).
S

ConstituentsMeasured/Reported

Analytical results were reportedin units of 10.6/sCi/g or pCi/g (BNWL-1669,
BNWL-1669-ADD, BNWL-C-96).

Most of the enviromnm_ radiation dose for people in the Hanford vicinity was due to natural
sources and world-wide fallout, ratherthan to Hartfordoperations (BNWL-1669).

Hanford's majorcontributionof radioactivity to the areawas reactorcooling water dischargedto
the Columbia River (BNWL-1669).

Concentrationsof H-3, Sr-90, and Cs-137 in the Hanfordarea were usually below the national
average because of low rainfall (BNWL-1669).

All fruit and vegetable samplm were collected during the growing season, May through
September(BNWL-1669).

AnalyticalresultsfromthespecialvegetationsurveyinJuly from samples collected from B
SwampandB Ditch(BNWL-C-96):

(concmarationsinpCi/g)

_ _ Zn-65 _ Cs,137 Ru-106

B Swamp 0.17 280 - 0.9 0.6 2.7
B-Ditch 0.08 52 0.2 0.5 1.4 1.8
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Maximumradionuclideconcentrationsobserved hi hay and pasturegrus samples
(BNWL-1669-ADD):

P,Jtdionuc]ide _ Lo_tion Sampled

P-32 1.4 Riverview Farm#3
K-40 23.0 Riverview Farm#1 &

. Benton City Farm #1
Zn-65 0.95 Riverview Farm#3
Zr/Nb-95 1.3 Riverview Farm#1
Ru.106 1.9 Riverview Farm#1
1-131 0.05 Rivet'view Farm#1
Cs.137/Ba-137m 0.24 Riverview Farm#1
Ce/Pr-144 1.8 Riverview Farm #1

Maximumand aventse radionuclidec__ions observed in composite smnples of locally
grown fruit samples (BNWL-166_ADD):

(Concentrationsin 104 #Ci/8)

Pasco &
......_onuc_ide PdverviewArea !kntop Ci_

..Max,. .Max,_
P-32 < 1.0 0.04 - -
K-40 3.2 2.4 2.3 2.0
Zn-6$ 0.14" 0.09 <0.05 0.04
Sr-90 0.025 0.01 0.006 0.005
1-131 <0.05 - - -
Cs-137/Ba-137m 0.04 0.02 <0.02 0.004

Maxinun and averase radionuclideconcentrationsobserved in composite samples of locally
grown non.leafy vegetables (B_1669-ADD): •

(Concentrationsin 10"6_,Ci/g)

Pasco &

Radionuclide Rive_iew Ar_ _ Benton Cit_

..Max,. Av ,
P-32 < 1.0 0.06 . -
K-40 2.6 1.9 2.6 2.2
Zn-65 0.21 0.09 0.1 0.07

• Sr-90 0.065 0.02 0.68 0.35
Cs-137/Ba-137m 0.06 0.01 <0.02 0.01
Ce/Pr-144 < 1.0 - < 1.0 -
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Maximumand averageradionuclideconcentrationsobserved in composite samples of locally
grown leafy vegetables (BNWL-1669-ADD):

(Concentrationsin 10"6pCi/g)

Pasco&
Radionaclide Rivet'view A_ea l_nton Ci_

|

.kiM_ _ Max. Av2.
P-32 < 1.0 0.28 - -
K-40 5.6 4.0 4.7 4.4
Zn-65 0.60 0.32 0.2 0.13
Sr-89 0.004 0.004 - -
Sr-90 0.06 0.05 0.03 0.02
Zr/Nb-95 0.71 0.16 0.16 0.15
Ru-106 0.89 0.22 - -
1-131 0.41 0.06 - -
Cs-137/Ba-i37m 0.17 0.06 <0.08 0.04
Ce/Pr-144 1.3 0.41 < 1.0 0.43

Mmfimumandaverafe radionuclidecolons observed in composite samples of locally
purchasedleafy vegetables (BNWL-1669-ADD):

(Concenn_onsinI0"6_Ci/8)

_Pjdiom_lide _

P-32 < 1.0 0.13
K-40 4.9 3.2
Zn-6$ 0.12 0.09
$r-89 0.033 0.012
Sr-90 0.031 0.017
Zr/Nb-95 • 0.26 0.06
Cs-137/Ba-137m <0.08 0.02

' Ce/Pr-144 < 1.0 -
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Maximumand averageradionuclideconcentrationsobserved in composite samples of locally
purchasedfruits and vegetables (BNWL-1669-ADD):

(Concentrationsin 10"__Ci/g)
O

Radionuclide _ _

. P-32 < 1.0 0.03
K-40 2.6 2_I
Zn-6$ 0.!2 0.09
Sr-90 0.008 0.006
Zr/Nb-95 - -
1-131 - -
Cs-137 0.04 0.02

115



1970

References

BNWL-1669. Corley, L P., and EnvironmentalEvaluation Section Staff. 1973. Em,ironmeatal
Surveilkmce at Hartfordfor CY-1970. Battelle Northwest Laboratory,Richland, Washington. *

BNWL-1669-ADD. Corley, J.P. 1973. Env_roamenta/Surveillance at Hartfordfor CF-1970, Dat_
Battelle Northwest Laboratory, Rtchland, Washington.

BNWL-C-96. EnvtroHamtal Evaluations Staff. 1972. Environmental Slums of the Haq_rd
Reservationfor 1970.BattelleNorthwest Laboratory, Richland, Washington.

116



1971

Vegetation RadlonucHde Contamination Overview
for Hartford and Vicinity 1971

MediaSampled

' Routine vegetation samplingwas performedat 23 stations in andaroundthe Hartfordreservationi
in 1971. Native perennialvegetation was collected by Battelle Northwestemployees and radio-_c, tl analyses were performedby the US Testing Company, Inc. Radioisotopes analyzed
includedplutonium, St-90, U, K-40, Zr/Nb-95, Ru-103, Ru-106, Cs-137, Ce-141, Ce/Pr-144, and
Th-228/232. Ganunaemitters were measuredwith the use of a sodium iodide crystal
(BNWL-B-228).

During a routineHanford roadsurvey on February3, vegetation contaminationwas noted in the
200 East Area. A thistle plant anda weed were found to contain radioactivity(BNWL-B-228).

Green leafy vegetables were collected from local farms andcommercial stores as part of a
special survey to detezmineradionm:lideconcentrationsattributableto the Hanford environs.
Radiom_lides observed includednaturallyoccurringK-40, as well as Sr-90 and Cs-137, which were
contributedby world-wide fallout (PNIr2383).

Native _ vegetation samples, primarilythe growth from rabbitbrushplants, were col-
lectzd from locations within _ Hanford reservationand the surroundingvicinity as partof a six-year
study. _les were amlyz_ for plutonium nuclides using alpha spectroscopy, for uraniumand
Sr-90 by specific analysis, and for gamma emitting radionuclidesusing a lithium-drifted germanium
detector. Data was presented in the form of log-normal probability plots, as well as a summary table
with analyses results in units of pCi/g (dry weight). Radionuclidesanalyzed included Co-58, Co-60,
Zr,-65, Zr/Nb-9$, Sr-90, Ru-106, 1-131, Cs-137, Ba/La-140, Ce/Pr-144, Pu-238, andPu-239/240
03NWL-2249).

Locally grown andcommercial produce was collected by Battelle Northwest employees and
analyzed for radionuclidecontaminationby the US Testing Company, Inc. Plutonium analysis was
perfom,_ using alpha spectroscopy. Samplesbeing analyzed for Sr-90 andP-32 were ashed, radio-
chemically separated,and counted with a gas-flow beta proportionalcounter. Samples being
examined for gamma emitters were analyzed using direct gamma countingutilizing a Nal well crystal.
Radionuclidesexamined included1)-32, Zn-65, Sr-90, Zr/Nb-95, Ru-106, 1-131, Cs-137, and
Ce/Pr-144 (BNWL-1683).

Leafy vegetables were obtainedfrom Riverview farms in July, August, and September, andfrom
" local stores in May through October. Composite samples were analyzed for K-40, Zn-65, Sr-90,

Zr/Nb-95, Ru/P,h-106,Cs-137/Ba-137m, 1-131, andCe/Pr-144 (BNWL-i683, BNWL-1683-ADD).

* Hay smnples were collected from West Richlandand analyzed for Ru/Rh-106, Zn-65,
Cs-137/Ba-137m, K-40, andZr/Nb-95 (BNWL-1683-ADD).
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Thirteenstations for routinevegeuLtionsamplingwere establishedaround the perimeter of
Hznford reservation in 1971. Native perennial vegeutflonwu sampledand analyzed for Co-58,
Co-60, Zn-65, Sr-90, Zr/Hb-95, Ru-106, Cs-137, Ce/Pr-144, Pu-238, and Puo239/240 (Bl_VL-1683,
BNWL-1683-ADD)o

B

Sampling Locations
4

Hay samples were collected from West Richlandfarm#1 (BNWL-1683..ADD).

Leafy vegetables and produce were sampled from local farms and areacommercial stores. This
included farms in the Riverview area, approximately30 miles dowm'iverfrom Hanfordreactors,
which utilized Columbia River water for irrigation(PNL-2383, BNWL-1683, BNWL..1683-ADD),

Routine vegetation sampling occurredat thirteenHanfordperimeterlocations in 1971. These
included Benton City, ERC, Rt 240-CP #54, RattlesnakeSprings,Yakima Barricade, Vernita
Bridge-north end, WahlukeSlope #2, Berg Ranch, Ringold, Byer's Pumphouse, Byer's Landing,
Riverview-CP #55, and North Richland-CP#56 (BNWL-1683, BNWL-B-228, BNWL-1683-ADD,
BNWL-2249).

Routine on-site vegetation sampling occurredat FFTF-SA, 331 Bldg., West 100-N, 200 East
Hill, 200 Fire Station, Rt.4-11A, Redox-P.S., Y Barricade,Hanford, and 100-F (BNWL-B-228).
On-site locations sampled in 1971 as partof the six year study encompassing the years 1971-1976,
included ALB Field Lab, FFTF CP #62, Wye Barricade,200 West Area CP #60, 200 Area Fire
Station, 200 EastHill CP #61, HartfordTow'miteCP #57, Yakima Barricade,200 Area CP #59,
100 F Area CP #58, and 331 Bids CP #50 (BNWL-2249):

Activity was detectedon a thistle coHe_ near the south end of the SE perimeter fence of the
200 East Area, and a weed collected from the NE corner of the 200 East Area (BNWL-B-228).

Radioactivitythat was attributableto Hartfordoperations included vegetation that was collected
east of the California Nuclear burial site, northeastof the 1301-N trench, and Columbia River bland
at river mile 340 (near North Richland)(BNWL-2249).

Significant Events/Emission Quantifies

In Jammry, 1971, the last sinsle-pass productionreactor, KE, was shut down, decreasing the
amoent of radioactivityreleased to the Hartfordenvironment to "relativeinsignificance"
(BNWL-1683, BNWL-B-228, BNWL-1701). The only remainingplutonium-producingreactorwas
the 100 N Reactor, which utilized recirculatin8demineralizedwater as a primarycoolant
(BNWL-1701, BNWL-B-228).

kv

In June, 1971, 71 mCi of 1-131 was released in one week from the 327 building (BNWL-1701).

118



1971

Constituents Measured/Reported

Analytical results were presentedin table form in units of 104 ttCi/g or pCi/g (BNWL-2249,
BNWL-1683, PNL-2383, BNWL-1683-ADD, BNWL-B-228). Results were also pr--_,entedin the

* form of log-normalprobability plots (BNWL-2249).

_om of Sr-90 and Cs-137, which are attributableto nuclear fallout, are usually below
J the nationalaverage in the Hanford region, due to the low rainfall (BNWL-1683).

Concentrationsof Zn-65, Ru/Rh-106, and Cs-137/Ba-137m observed in hay samples collected
fromWestRichlandfarm#1 werelessthantheanalyticallimitsof (0.03, 1.0,and0.07)x 104
_Ci/g, _ely. The concentrationof K-40 observed was 22 x 10"e/_Ci/8, and for Zr/Nb-95 was
0.37 x 10"e/_Ci/8 (BNWL-1683-ADD).

Onthe average, concentratiom of Zn-65, which originate from reactorprocesses, were higher in
farm productsthan in locally avtilable connerciai products. Concentrationsof fallout radionuclides:
St-90, Cs-137, Ce/Pr-144, Zr/Nb-9$, andRu-106, were higher in conanercial foodstuffs
(BNWI_I683).

Maxhnmn radiom_iide concentrationsobserved in leafy vesetable composite samples
(BNWL-1683-ADD):

(Concentrationsin units of 10.6 _tCi/8)

Radiomtclide Riverview Farm Commercial

K-40 3.0 4.7
Zn-65 < 0.08 *(a) < 0.08*
Sr-90 .(b) 0.04
Zr/}¢o-95 0.13 0.24
Rn/Rh-106 <0.50* 3.3
1-131 - 0.2
Cs-137/Ba-137m 0.05 0.18
Ce/Pr-144 <0.50* 5.3

(a) * ffi analytical limit.
(b) - ffinotan_ymi.
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Radionuclideconcentrationsobserved in vegetation samples collected from perimeter locations
(BNWL-1683-ADD, p. 95, BNWL-1683, p. 40):

(Cotr, entrationsin pCi/8)
O

Location _ Cs-13? Ru-106 Ce-141 Ce/Pr-144 _ Pu-238 Pu-239/240

Benton City 0.86 0.15 ,(a) , 1.4 0.07 * * ,
ERC 1.0 0.21 * * 2.7 0.14 * 0.002
Route 240 1.5 0.46 1.2 * 4.0 0.18 * 0.006
RattlesnakeSpr 2.2 0.72 * * 5.9 0.23 * 0.005
Yakima Bart. 1.4 0.31 1.9 * 3.2 0.14 * 0.004
Vemita Bridge 1.6 0.39 * * 3.7 0.20 * 0.002
WS #2 2.4 0.60 1.4 * 8.8 0.22 0.004 0.010
Berg Rlur,h 2.7 0.56 2.7 * 11.0 0.18 * *
Ringold 0.81 0.15 * 3.4 1.8 0.04 * 0.006
Byer's Pmnp. 0.68 0.25 * * 1.1 0.12 * *
Byer's _ 2.4 0.82 * * 6.5 0.78 * 0.005
Riverview 0.73 0.25 * * 4.0 0.14 * *
North Richlaml 2.4 0.67 * * 7.5 0.26 * 0.005

Average 1.6 0.43 0.95 * 4.7 0.21 * 0.004

¢a) '* - lem'than analytical limit.

Concentrationsof Co-58, Co-60, and Zn-65 observed in native vegetation samples collected
from perimeter locations were leas than analyticallimits (BNWL-1683, p. 40).

Maximum andaverage cow.entrationsobserved in local andcommercial produce samples
(BNWL-1683; p. 30):

l_Honuclide Local Produce (_o_ial Produc_

P-32 < 1.0*(a) < 1.0" < 1.0" < 1.0"
Zn-65 0.014 0.023 < 0.030* < 0.030*
St-90 < 0.002 < 0.002 0.008 0.039
Zr/Nb-95 0.021 0.13 • 0.046 0.242
Ru-106 <0.370* <0.370* 0.82 3.3
1-131 <0.025* <0.025* <0.025 <0.025*
Cs-137 0.016 0.046 0.047 0.18
Ce/Pr-144 <0.350" <0.350" 1.5 5.3

(a) * = analytical limit.
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Green leafy vegetables were collected as part of a special five year study of radionuclide
concentrationsfound in HanfordArea foodstuffs. Results from 1971 indicated thatnaturally
occurringK-40 was found in the highest concentrations,averaging2.6 and 2.9 pCi/g (wet weight),
for samples from local farms andcommercial stores, respectively. Maximum concentrationsof K-40

+ observed were 3.0 and4.7 pCt/g from local farms andcommercial stores, respectively. Concentra-
tions of Cs-137 averagedless than 0.1 pCi/g for all smnples (PNL-2383).

ElevatedCo-60 concentrationswere observed in vegetation samples collected east of the
C,alifornia nuclear .bt!riaisite, northeastof the 1301-N trench, and at Columbia River Islandat river
mile 340. This activity was attributableto Hanfordoperations 0BNWL-2249).

The highest radioisotopeconcentrationsobserved in vegetation samples collected in 1971 as pan
of the six year raeh'ochemicalanalysis study were K-40 isotopes. Radiumisotopes were generally not
detectible in vegetation samples (BNWL-2249).

The median concentrationsof naturallyoccurringK-40 and uranium in vegetation were 11 and
0.03 pCi/g (dry weight), respectively (BNWIr2249).

During a routineHanford roadsurvey on February3, 1971, contaminationwas detected near the
south end of the SE perimaer fence of the 200-F.astArea. A thistle from the areagave a readingof
3000 clzn (GM). A weed from the northeastcornerof the 200 East Area read 8000 cpm (GM)
(BIWIB-22g).

The maximumradionuclideconcentrationsobserved in native vegetation collected from
perimeterand on-site locations (BNW_-B-228):

(Concentrationsin units of 10.6 ttCi/g)

ltadionuclide _ Location On-Site Locatioq

Sr-90 0.783 Byer's Landing 0.726 Rt 4-11A
Pu 0.011 Wahluke#2 0.007 200-E Hill
Pu-238 0.004 ERC, Wahluke02 0.005 FFrF-SA
U _8/g) 0.30 Vernita 0.21 200-E Hill
K-40 8.37 Wahluke02 7.46 Y-Barricade
Zr/Nb-95 2.68 Berg Ranch 17.9 200-E Hill
Pro-103 1.02 Ringold -0.483 FFTF-SA
Ru-106 2.71 Berg Ranch 1.83 W.100-N
Cs-137 0.825 Byer's Landing 11.3 200-E Hill
Ce-141 4.17 North Richland 8.95 FFTF-SA

" Ce/Pr-144 8.76 Wahluke02 9.24 Y-Barricade
Th-228/232 0.375 North Richland 0.146 W. 100-N

,It
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Median concentrationsof artificiallycreated radionuclidesin vegetation collected in the Hartford
environs for the years 1971-1976 (BNWL-2249):

Radionuclide vCi/e ¢drvweieht_

Co..$8 0.0001
Co-60 0.024
Zn-65 0.45
Sr-90 0.68
Zr/Nb-95 0.60
Ru-106 0.41
1-131 0.25
Cs-137 0.37
Ba/La-140 11.0
Ce/Pr-144 1.8
Pu-238 7.5 x 104
Pu-239/240 1.7 x 10-3
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Vegetation RadionucHde Contamination Overview
for Hartford and Vicinity 1972

Media Sampled

J, Routine vegetation san_ling was performedat 13 locations aroundthe perimeter of Hanford
reservationand ten sites within the reservationduring 1972. Native perennial vegetation was
collected by Battelle Northwest employees and radiochemicalanalyses were performed by US Testing
C_, Inc, Richland. Radionuclidesanalyzed included K-40, Co-60, Zn-65, Sr-90, Ru-106,
Zr/Nb-95,Cs-137, Ce/Pr-144, Pu-238, Pu-239, and U 0tg/g). Gammaen_tters were measuredwith
the use of a Hal crystal fBNWL-B-278, BNWL-1727, BNWL-1727-ADD).

Green leafy vegetable smnplessuch as spinach, leaf lettuce, turnipgreens, and mustardgreens
were collected duringthe summer growing season from local farms and commercial stores. Compos-
ite samples were analyzed for K-40, Zn-6$, St-89, St, Zr/Nb-95, Ru-106, 1-131, Cs-137/Ba-137m,
and Ce/Pr-144 (BNWL,1727-ADD, PNI,-2383).

Native permmialvegetation mnples, primarilythe growth from rabbitbrushplants, were
collected from twenty-threesites within the Hanford reservationand its perimeter as part of a special

six-year radiochemicalanalysis survey. San_les were analyzed for plutonium nuclides using alpha
spectrmeo_, for uraniumand Sr-90 by specific analysis, andfor gamma-emittingradionuclidesusing
a lithimn-drifledgetmantmadetector. Data was presented in the form of log-normal probability
plots, as well as a summary table with mmlysesresults in units of pCi/g (dry weight). Radionu¢lides
mmlyzedincludedK-40, U, Mn-54, 0o-58, Co-60, Zr/Nb-g5, Zn-65, Sr-90, Ru-106, 1-131, Cs-134,
Cs-137, Ba/La-140, Ce-141, Ce/Pr-144, Ce-144, Pu-238, andPu-239/240 (BNWL-2249).

A special survey of WahlukeSlope was conductedduringSeptemberand October, 1972, to
determinewhetl_theareashouldbereleasedforpublic use. Vegetation samples were collected and
analyzed for K-40, Co-60, St-90, Ru-103, Zr/Nb-95, Ru-106, Cs-137, Ce/Pr-144, Pu-238, and
Pu-239 (BNWL-B-237).

Samplingons

Vegetationwas collected from thirteenHanfordperimeter sites. These included Benton City,
ERC, Rt. 7AO-CP54,RattlesnakeSprings, Yakima Barricade,Vernita, Wahluke#2, Berg Ranch,
Ringold, Byer's _ouse, Byer's _, Riverview, and North Richland(BNWL-B-278,

,, BNWL-l?27, BNWL-1727-ADD).

Ten on-site locations were utilized for vegetation smnpling. These included West of IO0-N,
331, FvrF, Wye Barricade,Hanford, 100-F, Rt. 4 x IIA, Redox P.S., 200 Fire Station, and

t 200 East Hill (BNWL-B-278).
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Leafy vegetable samples were collected from Riverview farms in July, August, and September,
andlocal conne_ial outlets in May throush October (BNWL-i727-ADD, BNWL-1727, PNL-2383).

Thiny-eisht vegetation mnplin8 sites were established on Wahluke Slope during the fall of
1972. The entire slope was surveyed for radionuclidecontamination,with the exception of a control
zone within S.$ miles of N Reactor. Sites were delineated by the numbers 1 through38 and a map
showing actual locations was provided (BNW_B-237).

q

Vegetation sampled as partof a special 6-year survey of the Hanford environs was collected
fl'mnRlverview, Benton City, North Richiand CP #56, Byer's _ouse, Byer's Landing, ALB
Field Lab, PFrF CP #62, Wye Barricade,RattlesnakeSprings, Rt. 7,40-CP#54, Ringold, 200 West
Area-CP#60, 200 Area Fire Station, 200 Fast HilI-CP #61, Htnford Towmite CP #57, Yaktma
Barricade,200 Area CP t59, 100F Area CP #58, VernitaBridge, WahlukeSlope opposite 100-N,
331BIdlI°-C'Pr_0,BergRanch,andWahluke#2(BNW_2249).

Radioactivity _le to Hanfordoperations included vegetation samples collected east of the
Californianuclearburial site, northeastof the 1301-N trench, and from Columbia River Island at
river mile 340 (near North*Richiand)(B_2249).

Significant Events/Emission Quantities

The N Rmcwr was the only production reactor_ in operationin 1972. Only minor
quantitiesof radioactivity were released to the Columbia River from this reactor, as it utilized
rec_ dmnlmmdtzedwater m the primarycoolant (BNWI_1727).

Constituents Measured/Reported

Analytical results were presentedin table form in units of 10.6 _tCi/8or pCi/8 (BICWL-1727,
BNWLrI727-ADD, BNWI.eB-237, BIqWL-B-278,BNWL-2249, PNL-2383). Results were also
presentedin the form of leg.nonml probabilityplots (BNWL-2249).

vegetation surveys yielded no geographicalpattern, indicatin8 thatradionuclideconcen-
tratiom detectedwereduetonaturalcausesandregionalfallout (BNWI_1727, BNWL-B-278).

Averege radimatclideconcentratiomwere higher in locally grown produce samples than in
locally availableconnercial prodtr_ (BNWL-1727).
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Analytical _ts competing locally grown produceand cotmnercially available produce
collected In 1972 (BNWL-1727, p. 30):

(Concenu_ons in unim of 104 _Cl/g)
o

lhdtomlclide _ Local . Conmmrclal
uautUmun ummmm

P

Zn-65 < 0.030 < 0.030 < 0.030 < 0.030
St-90 0.03 0.03 0.009 0.010
Zr/mb-95 0.095 O.14 0.034 O.12
Ru-106 <0,370 <0.370 0.38 1.0
1-131 <0,070 <0.070 <0.070 <0.070
Cs-137 0,043 0.090 <0.040 <0.040
Ce/Pr-144 <0.350 <0.350 <0,350 <0.350

Conummtlom of radionuelidmobserved in locally available leafy vegetable _tte samples
(BNWL-1727-ADD, p. 60, PNL-2383, p, 16):

(Coneentrttiom in units of i0 "ep_2i/g, wet weight)

lhdtonucllde RivttvlewFarm .......... Cmmnere.lal
imllmlx avenme uminatm

K-40 3.6 4.5 4.0 5.6
Zn_ <0.08 *(a) <0.08* <0.08* <0.08*
St-89 .Co) . 0.006 0.009
Sr-90 0.03 0.03 0.009 0.01
Zr/Nb-95 0.10 0.14 0.03 0.12
Ru-106 <0.80* <0.80* 0.38 1.0
I-131 0.002 < 0.070* 0.020 < 0.070*
Cat-137/Ba-137m 0.04 0.0 0.03 < 0.045"
Ce/Pr-144 0.03 < 0.35* 0.08 < 0.35*

I I I I II III151

(a) * = attalyflcallimit.
Co)- = notanyzed.

Plutontmnconcentrationsotmervedin vegetation obtained from perimeter mnpling locations in
1972 were lower than those from the previous year. However, higher plutoniummw, emmtions were

" found in samples c_ll_ near the 200 Arms. Concentrationsof Zr/Nb-95 andCs-137 were higher
in vqetation samples from rear the 200 Areas thanthose from perimeter sites 0BNWL-B-278).

• Analytical results from the WahlukeSlope radiationsurvey indicated thatradlonuclideconcentra-
tiom were typical of rellionalfallout except along the Columbia River bank,where activity relatedto
Hartfordreactorcooling water was detected(BNWL-B-237, p. 3).
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Concemlltionsof _omJclides observedfromnativevesetstionsamplescollectedfromon-site
and_ locationsin 1972(BNWL-B..278,BNWL.1727.ADD):

(conmm_onsinunitsof 104 #Ci/s)
_-_ UM....... . ..... " -- ..... ml U ip11111 illI _" I

_ _ _ ..... _. l__ __T-7

q

K-40 11.0 26.0 Redox P.S. 9.1 21.0 Byef's L.
0._ 0,16 _ 0.02 0.09 BergR.

Zn.65 0.89 5.5 RedoxP.S. -(') -
9r-90 O.10 0.34 RedoxP.M. 0.1:3 0.8.5 Rlvervlew

t Zr/Nb.95 4.0 18.0 RakmP.$. 1.0 2.1 RRC
Ru-105 <0.40(b) 7.2 !00-P :3.5 5.7 Wshlulm_ A RRC
C8-i37 22.0 120.0 l_x P.$. 1.7 5.8 Verntta
Ce/_144 <0.4e 0.n 331& 100P 0.31 4.4 BRC
Pu-238 0.001 0.O0S _ 0.003 0._ B_'s L.
Pu.239/340 0.004 0.008 200B Hill 0.004 0.010 _ Sprs&Byet'sL.
TotalU 0.07 0.22 331 0.06 0.23 _'s P.H.

Co)" - _ IJnJt.
i

P,Mtom_ide __ observedinvesmtion samplescollectedon WahlulmSlope
sepmn_ _ _, 1_ (B_B-237):

(_ in_ of 104 _C_8)

_ mrJmml

K-40 !(_0 42.00.00
St-90 0.06 0.32
Zr/Nb_ 2.0 4.9
P,o-l_ 0.62 1.3
Rn-.l_ 1.6 7.4
Cs-137 0.61 2.2
CelPr.144 3.0 8.0
Pu-_8 0.001 0.OO3
Pu-239 0.005 0.030

Illl II III I[I ]L.... _ -- i

it) - - less thsmm3ml_ detectionlimit.
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Co-60concemmiom weree4xservedin veseuuionsamplescollectedeast of the
C£_ nuclearIxuialaim,nonlmut of _ 1301-Ntrench,andat Col_la Riverbland at river
mUe_,0. Tht..m/vttywas_le toHartfordopm_om0SNWL-2249).

V
The _ wmmmm/om of artl_lklally_ _lde8 _ in Vellmflonmunplm

tnh _ env_ _ 1971-1976(BNWL-2249):

• su.t,_d_ uctt. _drv__

Mn._ '(')
Co.S$ 0.0001
Co-60 0.024

0.45 !
St-90 0.68
Zr/'_o-95 0.6
Ru-106 0.41
1-131 0.25
Cs-134 *
Cs-137 0.37
_140 11.0
C_141 *
C.,'°!_-144 1.8
Ce..I_ *
Pu-238 7.5 x 10.4
1x.,-_9/240 1.7 x 10.3

I I]I IlllllII I m_

(a) * = Iresflmnflm_le llmiL
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Rete

BNWL-172'7.Brmmon,P. H., _ 1. P. Corlmy.1_. _ ,q_zrtqn_/m8_at __jbr
C/'-I_. Bsttslb NorthwestLsbomtory,llk_mtd, Wish..

ntrWL.tTZT.ADD._, P.R.,ted_.P.Codey.1_. _rmmm_ _t_t_ at

BNwL-B-237. _, P. E., md I. P. Codey. i972. bdfm_et kv_ __ Slope.
No,hma L_onm_,P._md, Wsth_.

BNWL-B-27L_, P. E., J. P. Corley,md W. L. Nero. 1973. /i_n4rowmm_Smnu of the
J_wMmm._x,cy.s_,n. _10 NorthwmtLs_x_z_,_, Wmhtnston.

nNWL-2249._, 1__L.,J._.P_ azlP.S. _ 1977._Voc_m_ ,tm,_,_ofSat
V_ _ _ From tbt _ _o 1,971-1.976.BattelleNorthwest

PNL-2383. Pix, l.l.,S.C. Lem,_P. IL_. 1_. _Cmttmtttuttrom/n
gttdm_ ,t __ t_ _ _o zpT_-zpT&_ Noahwmtt.tborstory,
W_.

g,
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Vegetation RadlonucHde Contamination Overview
for Hanford and Vicinity 1973

@

Media pled
g

P.outim vepu_ ssupli_ wu performedat 13 locations aroundb _r of Hanford
during 1973, u well am10 sites within the reservation (BI_rW_B-336,p. 50); BNWL-

1811, p. 41). Native _ vesetation was collected by Battelle Northwestemployees 8ridroutine
ruttodnmiad _ _ performedbytheUSTest_ _, Inc.,of RicMand,Washinston
(BNWL,.i811, p. D.I; BNWL,.B-3M, p. I). Radlonuclkleemudyzedincluded plutonium, Sr-90, U,
K-40, Co-SS, Co.60, Zn-65, Zr/Nb-95, Ru-i06, Cs-137, Ba/I_I40, and Ce/Pr.144 (BNWL-B.336,
p. _; BNWL-1811, p. 42). _ emitters were _ with the use of a sodium iodide crystal
(B_-B-336, p. 47).

Omm_ vesmble mnplmsuchas_, leaf]em_, mm_ lp_mm,andmmmmrdlpmm
werecollm_ duriq the_ gro_aq _, July,Ausmt,andSqmu0_r, from1o_/_mm,

thin commNr_ m _ May _ _ (BNWL-1811, p. 35; IrNL-2383, p. 15).
Con_ _ were mml_ for K-40, _, _, Zr/Nb.gs,Ru-106, 1.131, Cs-137
_137m, Bs/Ls.140, Ce/Pr-144, Sr-Sg, andSt-90 (BNWL-1811 ADD, p_67).

_ _ _ swp_ _ smlyz_lfor_, Zr/Nb-gS,Ru-106,Cs-137,
_140, CA/Pr-144, s_ St-90 (BNWL-1811, p. 32),

Native _ _ ssmples, prlnadly the _rowth i_m r-,2_itbrmhplants, were col-
lec_ _ __ si_ _ the Hmford rmen'szion and im _ u part of a special
,Ix-vmrmd_bs_ amlysl,_. Smp_ were,mlyzedforp'_ _Jclidmusinsalpha
specmmcopy, for uraniumand Sr-_} by _ mslysls, ml for ipmmm-anlttlnj radiouudidm using
a lithiwa-drlf_Smmm/um_ 0SNWL-2249,p.5). _ ,mlyzedinclud_K-40,U,
MD-54, Co-$8, C.o-_, Zr/Nb-95, Zn-65, Sr-90, Ru-106, 1-131. Cs-134, C8-137, Ba/La-140, C¢-141,
Ce_-l_, _144, PU-238, _ Pu-239,240 (B_.2249, p. 13).

S.m

vqlsmtou was_ _ _ _ _ him: _ City,ERC,lU. 240
_, _ _, Y_ _, Vcrn_, Waldulm f2, _ _, _, Byer's
lhunghouu,Bycr's_, Rive, andNorth_ 0SNWL-B-336,p. 50; BNWL-1811

- ADD, p. 73, 74; BNWL-I811, p. A.6).

Ten ou4ite _ were utiliz_ for _ vNpntton samplins: West of 100-N, 331, FFTF,
. Wye _, _, IO0-F, _. 4 and i IA, lhKIoxP.S., 200 Fire Station, mi 200-E Hill

(B_B-336, p. 50).
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Lea,_ vqetable samples were collected from Riverview farms and local commercial outlets
(B_I811, p. 35; BNWL.1811 ADD, 67; PNL-2383, p.16).

Pro_Jce samples were collected from local farms and commercialstores (BNWL-1811, p. A.5).

Veptation sampled u partof a special 6-year survey of the Hanfordenvirons was collected
from Riverview, Benton City, North Riehland_, Byer's pmnphouse, Byer's Landing, ALE field
lab, FFrF CH62, Wye Barricade,RattlesnakeSprinss, Rt. 240 CP#54, Ringold, 200 West Area
_, 200 Area Fire Station, 200 Bast HHICIM_I, HmsfordTowmite CP#57, Yakima Barricade,
200 AJru_9, 100F Area CIM_8, Vemita Bridge, WahlukeSlope opposite 100N, 331 Building
_, Berg _, mid Wahluke_ (B_2249, p. 7).

Events/Emlsslon _flth_

The N Reactor was the only rea_nin8 plutonitmsp_on reactorinoperationduring1973,
rectnntlat_wateru timprimarycoolant(BNWL-B-336,p.2).

During 1973, radioactivewastes were 8emmted by the N Reactor, dtmnical processing plants,
and labom_rles. Controlledreleases of low-level radioactivewastes were made to the ground, the
igmospllm_, mid the Cohmtbtal_va" (BNWL-1811, p. 4).

Coucentratiom of 1-131 in the almo_ were below the detection limit of
7 x 10"14ttCi/ml for 1973 (BNWL-B-336, p. 32).

Coml/tuents Mmsured/Reported

Analytical results were _ in table form in unia of 10"s#Ci/8 or pCi/8 (BNWL-181 I,
p. 42; BNWL-1811 ADD, p. 67; BNWL-B-336, p. 50; BNWL-2249, p. 9, 13; PNL-2383, p. 16).
lhmlm were aim presented in the form of loll-normal probabilityplots (BNWL-2249, p. 8, 10, 12,
B.2-B.8; PNL-2353, p. 17).

Individualresults reportedfrom routinevegetation surveys showed no particulargeographical
pattern, _ons measuredwere believed to be the resultof naturalcauses and regional fallout
(BNWL-B-3_, p. 47}.

In 1973, the avemlle fiver rtdlontwJide_om were less than0.59; of the Concentration
Guides for tll identified radtonu_tdes (BNWL-1811, p. 5).

I,t

Withthe_on of sr-9o,theaveragersdion_lidecow.en.uationsforbothcommercialand
farm _ samples were below analytical limits. The maximumconcenuation for Ru-106 was
1.4 x 10"e/sCl/ll, from a farm produce munple. The maxinmmconcenuations of Sr-90 were ( 0.OO4
and0.009) x 10"e/_Ci/gfor farm andcmmne_ial produce samples, respectively (BNWL-1811,
p. 32).
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Concentrationsof radionucfidesobserved in locally available leafy vegetable composite samples
(BNWL-1811 ADD, p. 67):

t (Cow,entrationsinunitsof 10"e#Ci/g)
e

_ P.adioaaclide Analytical Limit Rtvervlfw Farm ,. Commerc_ _

• .tXtatt. amta_

! K-40 0.80 3.0 4.9 3.3 4.0
Co-60 0.055 (a)*0.002 * *0.006 *
Zn-6$ 0.099 * * "0.017 *
Sr-89 0.002 *0.002 *
Sr-90 0.002 0.012 0.012 0.009 0.009
Zr/Nb.95 0.029 *0.0007 * *0.002 *
lht-l(}6 0.80 *0.43 1.4 "0.i37 *
1-131 0.078 *0.003 * 0.006 *
Cs-137/Ba-137m 0.05 .0.01 * * *
Ba/I_I40 0.44 .0.10 * * *
Ce/Pr-144 0.44 .0.12 * * *

......

(a) * - is lessthantheanalyticallimit.

_ons of radi_ observed in native vqgetationsamples collecm_ from on-site and
locations in 1973 (BNWIrl_.336, p. 50; BNWIA811 ADD, p. 73, 74):

(Concemraflom in units of I0_ _Ci/8)

Radi_ On.site Perimeter
I_ max.15_.m'on ' _ m,u. lotion

K-40 11.0 17.0 331 13.0 20.0 Rattlesn. Spr
Co-60 <0.03 <0.03 <0.03 <0.03

1.1 4.0 Redox P.S. 0.83 1.6 Rattlesn. Spr
St-90 0.08 0.28 200-E Hill 0.06 0.21 N. Richiand
Zr/Nb-95 1.9 9.5 Redox P.S. 0.32 0.52 Wahluke #2
Ru-106 <0.4 <0.4 <0.4 <0.4
Cs-137 $.0 27.0 Redox P.S. 0.49 1.9 Wahluke#2
Ba/Lt-140 18.0 47.0 Redox P.S. 18.0 27.0 Wahluke #2
Ce/Pr-144 <0.3 <0.3 <0.3 <0.3

Pu-238 0.0007 <0.003 0.0009 0.004 Berg Ranch
Pu-239/240 0.003 0.01 Redox P.S. 0.002 0.006 Rt. 240 CP54
U 0.089 0.69 200-E Hill 0.04 0. I1 Wahluke #24It
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_om of St-90 found in green leafy vegetable samples were attributedto fallout
(PHI_2383, p. 2).

The median concef/r_ons of man-maderadionuclidesdetected in vegetation samples collected
in the Hanfo_ environs for 1971-1976 (BHWI_2249, p. 13):

Radi_ nCi/,r (dry weioht_
Mn-54 - , (s) -
Co-$8 0.0001
Co-60 0.024
Zn4$ 0.45
Sr-90 0.68
Zr/Nb-95 0.6
Ru-106 0.41
1-131 0.2.q
Cs-134 *
Cs-137 0.37
Ba/_-140 11.0
Ce-141 *
_-144 1.8
Ce-144 *
Pu-238 7.5 x 104
Pu-239,240 1.7 x 10"s

Hmll

(a) * - less than the detectablelimit.
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Vegetation Radionuclide Contamination Overview
for Hanford and Vicinity 1974

Q

Media Sampled

" _ vegetation smnpHn8was perforntedat locations within the Hanfordreservationand its
Perimeter. Native peretmislplants, primarily the new growth from rabbitbrush plants, was collected
by Battelle-Northwestemployees during the autunmof 1974 (BNWL-B-429, p. 35; BNWL-1910,
p. 30; BNWL-1910 ADD, P. I-I). l_tdiochemlcal analyses were performed by the US Testing
_, Inc. Richisnd, Wuhingmn 0iNWL-1910, p. A-I). RadionucHdesanalyzed included
harm.allyoccurfl_ K-40, Ra-224, Ra-226, andtotal U, and artificiallyproduced Co-58, Co-60,
Zn.65, $r-90, Zr/Nb.95, Ru/Rh.106, 1-i31, Cs-137, Ba/La-140, Ce/Pr-144, Pu-238, andPu-239,240
0iNWL-1910, p.33; BNWL-1910 ADD, p. 1-3; BNWL-B-429, p. 37). Smnpleswere analyzed for
[Inma-emitt_ rsdiom_lides usin8 a lithium-dde_d 8ennanium detector, for plutonium isotopes
nsin8 alpha spectroscopy, and for St-90 and U by specific analysis (BNWL-1910, p. 30;
BNWL-B-429, p. 35; BNWL-1910 ADD, p.l-l).

Green leafy vegetable samples such as spinach, leaf lettuce, turnipgreens, and mustard8teens
were collected durinll the smmner _ season from local farms and_ial outlets
(BNWL-1910, p.26, 27; BNWL-1910 ADD, p. G-l; PNI_2383, p. 15). Composite samples were
analyzed for K-40, Mn-54, Co-60, St-90, Zr/Nb-95, and Ru-106 (BNWL-1910, p. 27; BNWIA910
ADD, p. G-8; PNL-2383, p. 16).

Native peremfialvegetation samples, primarilythe growth from rabbitbmshplants, were
collected from twenty-seven sites encompmmingHartfordand its perimeteras part of a special six-year
radiocimm'calanalysis survey. Radionuclidesanalyzed includedK-40, U, Mn-54, Co-58, Co-60,
Zr/Nb-95, Zn-65, Sr-90, Ru-106, 1-131, Cs-134, Cs-137, Ba/La-140, Ce-141, Ce/Pr-144, Ce-144,
Pu-238, and Pu-239,240 (BNWL-2249, p. 9, 13).

During 1974, watefcren samples were collected from two different sprin8 locations and
mmlyzedfor Co-60, Zr-95, Mo-99, lhi-103, Ru-106, and1-131 (BNWL.B-429, p. 21).

SamplingLocations

native vegetation samples were collected from on-site locations to include Prosser
Barricade,ERC, Radioecology Field Lab, YakimaBarricade,300 Area South Gate, Cp #40, CP #54,

, CP #60, CP #59, CP #58, Hanfordshoreline, CP #61, 4S andArmy LoopRoad, andFFTF. Off-site
locations included Benton City, Vemita, Wahluke Slope, Wahluke#2, Berg Ranch, Cooke Bros.,
BaxterSubstation,Byer's Landing, Byer's Pumphouse, North Richland, Island#340, and Riverview

, (BNWI_B-429, p. 37; BNWL-1910, p. 33; BNWL-1910 ADD, p. I-3).
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Leafy vegetable samples were collected from Riverview farms, Benton City, and commercial
stores (BNWL-1910, p. 26, 27; BNWL.1910 ADD, p. O-8;PNL-2383, p. 15).

Watercress was collected from two spring locations along the 100N Riverbank(BNWL-B-429,
p. 20, 21).

Vegetation smnpledas partof a special 6-yosr survey of the Hanfordenvirons was collected
from Riverview, _ City, Island 340, North RichlamdCP 056, Byer's Pumphouse, Byer's Land- "
ins, ALE Pield Lab, Proeser Barricade,FFrF CP #62, Rattlesnake"Springs, Route 240 CP #54,
4S Army Loop intersection, 2OOWest Area CP t_0, 2OOEast Hill CP #61, HartfordShoreline,
Cooke Brothers, Yak/ma Barricade,200 Area CP #59, IOOFArea CP 158, Vemita Bridge, Wahluke
Slope opposite 100N, 331 Bids CP t_O, Berg Ranch, Wahluke #'2, Baxter Substation,3OOArea South
Gate,ArmyLoopRoadCP#40fBNWL-2249,p.7).

Slpitkmt Events/Emission Quantifies

The N Reactorwu the only productionreactor remaining in operation in 1974, using a closed
prinmy cooling loop 0INWI_1910, p. 1).

June 17, 1974, a mtcleardetonationby the People's Republicof China resulted in a slight
incrmse of radimlr.lides in the alnlmphere 01NW_1910, p. 13).

The majority of radimcfivity measured in foodstuffs during 1974 was the result of naturally
occtming K-40 andthe fallout radionuclideSr-90 (BNWI_I910, p. 8).

Constituents Measured/Reported

During 1974, elevated concetmflons of Co-60 at Island 340, near North Richland, were
attributedto Hartfordoperations01NWL-2249, p. 9, 11).

Analytical results were reported in table form in units of lif e/tCi/g or pCi/g (BNW_B-429,
p. 37; BNWL-1910, p. 27,33; BNWL-1910 ADD, p. (3-8, I-3; PNL-2383, p. 16; BNWL-2249, p. 9,
13). Watercress samples were reportedin units of pCi/l (BNWI_B-429, p. 21). Results were also
presented in the form of Iog-nomal probabilityplots (BNWI.-2249, p. 8, I0, 12, B.2-B.8;
BNWI_B-429, p. 39; PNL-2383, p. 17).

The median concentrationsof naturallyoccurringK-40 anduraniumobserved in vegetation
samples collected duringthe six-year radiochemicalanalysis survey were II and0.03 pCi/g (dry
weight), respectively (BNWL-2249, p. 9).
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_ons of radiomu:lidesobserved in locally available leafy vegetable samples
(BNWL-1910, p. 27; BNWL-1910 ADD, p. 0.8; PNL-2383, p. 16):

(Concenlntiom in units of 10"6#Ci/g, wet weight)
o

..... IUv_qdn, Finn _ City Commercial
.mink. m_. _ miu. _ min.!,__._

D
g-40 3.6 1.7 2.44.1.4 .(8) . 7.9 5.2 1.4 2.1 4.1.8
Mn-.q4 <0.04 '_b) <0.04* <0.04* - - <0.04* 0.36 <0.04* <0.07

<0.05* <0.03* <0.03* <0.05* <0.05* <0.05* <O.0'J* <0.0'J* <0.01
0.016 0.011 0.014 - - - 0.01 0.00 0.010

Zr/Nb-g_ 0.11 <0.03* <0.04 - - 0.04 0.77 <0.03* <0.18
Ru-I06 0.96 <0.7* <0.23 <0.7* <0.7* <0.7* <0.7* <0.7* <0.7*

i

(a) - =nm_.
Co)* = detectlmItm_

Com:eulr_ons of radiomclides observed from native vegetation samples collected from on-site
andperimeter locatiom in 1974 (BNWI_B.429, p. 37; BNWL-1910, p. 33; BNWIA910 ADD,
p. 0-8):

(Co--ore in units of I0"e#Ci/g, dry weislzt)

Ou-site .. Perimeter
..trout_ umimm .ma,.Jtallm. ..tmuL .ma/mm. max._:,__n

K-40 10:1:6.2 18 CP_9 11:1:8.1 20 CookeBros.U-total
<0.04 0.21 3t30Area <0.74 7.2 Byer's Ld8.

soulhpm
Co-$8 • (a) 0.67 Y_ima B. * * all
Co-60 * * all * * all

0.734. 1.4 CP_9 <0.8 1.8 CookeBros.
0.64

St-g0 0.07 ± 0.17 300Area 0.07 4. 0.14 BaxterSubstation
0.13 south 8ate 0.08

Zr/Nb-95 0.42 ± 1.4 4S & Army 0.74-2 4.0 Byer's Pumphouse
0.75 LoopRoad .2

Ru/Rh-106 * * all * 1.3 bland #340
1-131 * * aft * * all

Cs-137 0.23 4. 0.62 Clq_9 0.17 4. 0.46 Byer's P.h.
0.34 0.2

Ba/La-140 12±6.7 17.0 C_160 144.13 29.0 Cooke Bros.
Ce/Pr-144 <0.34 2.2 300 south lime <0.38 2.3 Cooke Bros.

• Pu-238 <0.0004 0.003 BRC <0.0004 0.002 h_
Pu.239/240 <0.002 0.009 Hmford sh. <0.003 0.02 Isiand_40

(a)* = less durable.
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Colons of radionudides observed in waterexeassamples collected from two spring
locations along the 100 N Riverbank(BNWL-B-429, p. 20, 21):

(Concentrationsin units of pCi/l)
O

p.aUomeltde
Co-60 8.3 4
Zr-9$ 5.4 0.04 -
Mo-99 57.2 , (n)
Ru-108 0.3 *
Rn-106 2.4 *
1-131 208.0 *

(It) * - less than detectable.

The median colons of man-maderadio_ detected in vesetation samples collected
in the Hanfordenvirons for 1971-1976 (BNWL-2249, p. 13):

DCt/8(drvweiaht_

Mn-56 *
C_-58 0.0001
Co.60 0.O24
Zn-65 0.45
Sr-90 0.68
Zr/Nb-95 0.6
Ru-106 0.41
1-131 0.25
Cs-134 *
Cs-137 0.37
Ba/La-140 11.0
Ce-141 *
Ce/Pr-144 1.8
Ce-144 *
Pu-238 7.5 x 104
Pu-239,240 1.7 x 10-3

ii M

( * -- less than the detectable limit)
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1975

Vegetation RadionucHde Contamination Overview
for Hartford and Vicinity 1975

O

Md. Smu
" gmaitmvellmtiou maplinll wasperfommdat IcgatiomwithintheHanfordrmervationandits

_. Native_ vegetation,primarilythe newllrowthfrommbbitbnmhplants,wm
mllectedby BattelleNorthwestemployees. Rtmtimmdlochemicalanalyseswereperformedbythe
US Tea/nilCtmpm_, Inc., alchlaad,Ws_inllton (BNWL-1979(RI_, p. 13-1). Smupleswere
mal_ for _ radlomt¢lldesusinlla llthhm.ddftedigemmniumdmuor, for plutonium

_ alphaqagumcopy, andfor Sr-90andumnhunby specificanalysis(BNWL_B.477,
p. 38; B_1979_, p. 34). Radiomlelldmanal_ IncludedlmuraHyo_ K-40and
totalU, andartificiallypmdm:edMn-54,Co-$8,Co-60, Zn-65,St-90, Zr/Nb-9$,Ru-106,
Ru/Rh-106,1-131,Ct-134, Cs-137,Ce-141,Ce/Pr-144,Ce-144, Pu-238,andPu-239,240
(B_B-477, p. 41; BNWI_eI979(RI_, p. 33).

Greenleafyvqetablm such ,usspingh, leaf lettuce,turnipsterna, andmustardgreenswere
collectedduda8 themmmmerBrowinllseasonfromlocal farm andcotmaercialstores(BNWL-1979
_, p.27;PNL-2383,p. 15). Cmnpmitettmples wereanalyzedfor K.40, St-90, andCs-137
(PNt,-2383,p. 16; IINWI_I_, p. S, 27).

Dur_ 1975, wmercrmsmm_es werecolleaed andanalyzedforK-40, Co-60, Zn-65,
Zr/Nb-95,Iht.106,Sb-125, 1-131,Cs-137, andCe/Pr-144(BNWI_B.477,p.23).

Nativeperennialvegetationsamples,pflmadlythe growthfromrabbitbnmhplants,were
collectedfromtwentysites ea¢OmlamalNlHartfordanditsperimeteras partof a specialsix-year
mdiochemi_ analysissurvey. RadimaglidmmmlyzedincludedK-40, Ra-224,Ra-226,U, Mn-54,
Co-$8,Co-60,Zn.65, St-90, Zr/Nb-9'J,Ru-106,1-131,Cs-134, Cs-137, Ba/La-140,Ce-141,
_-144, Ce-144,Pu-238,andPu-239,240(BNWL-2249,p. 13).

A special.study,_asperformedto detenu_ theradioactivityassociatedwiththeplantsandsoils
of the216-A-24Crib. Plantcoveron the cribwas dominatedby rabbitbrushandcheatgraas,as well
as sagebrushandmunermmherbs(PNL-1948,p. 5). Thepredominantradtonu¢lidepresentin the
vegetationsauples wasCs-137, althoushSr-90,Ru-106andCo-60werealsopresent(PNL-1948,
p. 1). Samplesof a commimted mbbitbrushplantwereseparatedintoparts(leaves, twigs,bark,
upperwood, andlowerwood)andmmlyzedfor Cs-137(PNL-1948,p. 17).

4P

plinll tlous

, Routinevegetationsampleswerecollectedfromon-site locationsto include100-N, 100-F
(CIM58),C_59, C1_57, CIM_, CP#2, CI_I, CP#42,4S andArmyLoopRoad,FFTF(2 loca-
tions),_, (BNWL-B477,p. 41), YakimaBarricade,Exxon,ProsserBarri_e, ALEFieldLab,
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rand300 Area(BNWL-B-4T7,pal; BNWL-19"79_ p. 33). Off4ite locationsincludedWshiuke
_, Bet8 _, andP,insold (B1_1979 _, p.33; B_.,-B..477, p. 41).

Leafyvesmble ump_ werecollectedfromRlverviewfinn, BentonCity, andconunmcbl
(BNWL-1979(RBV),p. 2'7;PNLº2383,p. 15).

W_ mnpla werecollectedfrom 100N RiverbankSprinj(BNWL-B..477,p. 23).
Q

Vqeution mnplal u put of a special6.yesr surveyof the Htntordenviromwas collected
f!,un the_ cornerof theBxxonSb, ALBPleldL_, _ Ban'icsde,1/2 mile northesstof
tin PPTPSin, the southwestside of the lqq'P Site, 48 ArmyLoopIntenec_ Rtnsold,200-W
Ares_, routsideof theCslibmis Nuclesrburisl8round,200 EastHill CP_I, Hartford
Towmtte_, HtMmdShmdine, YskimsBarricade,200 WestAres CP_, 200 Ares CP_9,
100P Arm _, nortlnut cornerof looN, 331 _ _, Bet8 Ranch,andWshlulm
(BNWL_27A9,p.7).

Coutsmtnmdrd_tbrush wu collecu_ hun the 216-^-24 crib irm, u plants8rowinj on the
cribwm foundw emit_ of radioactivity81Snl_u_y _ thanb_qround (PNL-1948,
p. 3).

Snjflcsnt EvamtJrmbdmQuutbs

Tim N Reactor, whichuseda closedprimarycoolinllloop, was the onlyproductionreactor
rma/nlns in opemion h, 1975 (SmVL-15vJ9(HV), p. I).

PJdJCactiv_Mtrt]Mlfableto Hartfordo_ dudnj 1975was foundeastanddirectlyacross
the roadhem fin 200 WestArea,whereelevmd levelsof Pu-239,240weredetected. Elevated
Utah/ranIm,elswerefoundin samplesdkuc_ northof the 300 Area(nearthe railroadtracks)
(BNWL-B-4TT,p. 38). Elevmd leveh of Mo-54, Co._, Zr/Nb-_, andCe-144werefoundin vqe-
uttionssn_les collecteddirectlysouthof the 1301-N_, andelevatedCo-60levels weredetected
in munp.lesdirectlyeastof the NuclmrEnlinem_ DisposalSite (BNWL-B..477,p. 42).

Durin81975, elevatedCo._ valutaweredetectafnonheut of the I_I-N trench(3,4 pClt$)
andthe eastaideof theCaliforniaNuclearBurial_round(2.1 pCtts) (BNWL-2249,p. 12). Elevated
Mn-54andCs-.l_4,valuta werealso fou_ no_ of the 1301-Ntrench(BNWL-2249,p.9). These
lsr.rmsafactivttiu wereauribu_ to Hmdbrdopa_om (BNWL.-2249,p. 9).

levels of radioactivityin the a_ andthe ColumbiaRiverduring1975wereattributedto
naturalsourcesandfallout,ratherthanto Hartfordoperations(BNWL-1979(REV),p.7). ,

The mjority of radioactivitynnmued in foodstuffsdurtns1975wasdueto K-40, whichoccurs
naturally,tnd the fallomradionuclidaSr-90andCs-137(BNWL-1979(RI_V),p.8).
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Coi_-_ Mmmn'ed/Reported

Amlytkmlmml.weerq.medInubleformh,unit.otIO+_I/s orpCl/S(nNWL.n.,.'r7.
, p. _, 41; __, p. 16;B_I_ _, p. 27. 33; B__, p. 9,13). _ were

_ M_ _ M 1_ _ _ ___, p. 8, 10, 12, B.2-B.8;
__. p. 17; __, p. 42) _ In_ of _U8 _1_, p. 18).

q

T'm.ndlmaxzmtruJomormmr_ _ K-40tadumnhn_ in
_ _ _ _-_ _ _b _ wee 11 _ 0._ _U8 (_

udMm,mpw_i-,,_ly._ au_ mrmur-.nyoarrJnsP,,..22,,mse,,-_ yield_reJulu
tim werelee8dnn demmtMe09NWL-22,i,9,p. 9).

Mmdmum oonmatrmiom of mdJotme.JJdmobem'vedIn _ _ collectedfrom 100-N
_ 19750DNW_I_4TT,p. 23):

M*_xlnunConammzJou,
n/.u,t,, e_.ueMrVw,deh,_........ INI -- __

K.,IO 20
9

7__ 7.7
_1_ 51
Sb-lZ5 68
1-131 226
Cs..IY? 0.8
Ce/Pr-144 59

of _ _ in IomllyavMl_l®lmfy vqlmble mnplm
(BNWL-I_ (REV),p. 27; PNI_2383,p. 16"):

(_ inunitsof 104 ;_Cl/8,wetwelsht)

:_rqJr,Tpgmmmm[x ..... Blvl_lw Pllm ...... BemoeCity Comwc_
..mL .roll_ram_ .ram...rain,__ .rim,...rain,_..jxL_

z4o 3.3 2._ z._±l.o L4 _.4 _.4 s.t 2.t 3.s±2.?
St-gO 0.06 0.02 0.04 0.02 0.02 0.02 0.03 0.004 0.02
_137 <0.I "<*) <O.10 <0.!* <0.10 <O.I* <0.10 <O.10 <0.I* <O.I*

" (a) * - _ level.
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h mMJa unaatnttJou of mn-mdo rndtomr,lJda dmctod tn vqmtton Jenpiu collected
in theHantmdenvttom tot 197i-1976 __2249, p. 13):

: _.ud!_ nCi/at fcb.v_adm
i n .....

i •
l Mn-S6 ,(o)

Con 0.0001
(:o.60 0.024
Zn.65 0.4.5
$r-90 0.68
_o-95 0.6
h-106 0.41
1-131 0.25
Cs-IM *
Cs.137 0.37
B8/I_140 11.0
Co-141 *
Ce/Pr-144 1.8
_.1_ *
Pu,.238 7.5 x 104
Pu-239,240 1.7 x 10"3

(s) * - leuthutho_ limit.

of ruiiomrJi_ observai fromfive veseuttionstaples collectedf_omon-die
sad off.sin Iomiom dudn8 1975_NWI_n.477, p. 41):

(_ in unia of 104 #(:l/i, dryweisht)

K-40 20+14 4.5+$ _ 15 16:1:3 Rbtjotd
tml U <0.05 <0.07 Yddm Din.. <0.03 0.04+0.03 Wshlu_ _
Ms,44 <0.2 1.1+0.2 100N <0.2 <0.5 WshhJke6'2
Co48 <0.1 <0.3 _ <0.i <0.1 all
Co.4[0 <0.4 3.4+0.4 100N <0.5 <0.2 Rbqlold
Za4S <0J <0.5 CN/, _ <0.1 <0.2 Rialokl
St40 0.00+0.12 0.48+0.04 _ 0.02 0.02:t:0.007 PJnjold
ZrMb.9_ <0.6 I.$+0.6 100N <0.03 <0.4 ltiqokl
h-106 <0.6 <2.0 CNS0 <0.4 <0.6 ItinSold
1.131 <3.9 <7.5 _ < 1.3 <2.0 P,Jnlold "
C8..134 <0.1 <0.2 CI_, _ <0.06 <O.OS ltlnsold
Cs-137 <0.2 0.4+0.1 48 & ArmyLIPRd <0.08 0.1=1:0.1 Berj Ranch
Ce.144 <0.7 <2.6 CN'J0 <0.4 <0.S
Pu-2311 <0.003 0.004+0.003 FFTI: <0.C04 <0.00S ltiasold
Po-239.2,10 <0.003 0.012+0.001 CP_ <0.002 <0.002 all
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Coalmtrltioal of C1.,137oblewed in _ oft coatmsdaltedrlbbtlbrulhphm fromthe
216-A-2,1Crib(PNI..+.1948,p. 18):

.0 (e,o_mm_mI. _ _'_v8, d__l_)

flbllom
" Lesvm 220 2110

Twtp _3 S8
Blrk 54 73
Wood 17 19

_)
Woad 25 33

(Lower)
b01s
Bsrk .5 1.6
Wood 39 8.$

TtnJuvu orb rd_8_sh ptmpow_ m h 216.^-24Cribcomi_ htshercmmm-
tianotCJ-137ttnnmherplmpeu,withm:_tmt_mavmSin814SnCUsdrywel_. ^veqe
9r-90 __ Will0.316 IL'V8dry wellht (PNL-1948,p. 23).

Mlzlmlm. minimmt,lad Ivmp __,,_ of mdimmdtdmolmmed fromrelive resell.
tim _ co/lemd fl'mneijht pwinmK Iocsdom_ 1975(BNWL,-1979(REV),p. 33):

(_ inuntuofIO4 _'b's.drywetstz)

Aversm (_ 2 tumid, dsv_

1[-410 40 300 Area-331 4.3 ALEfield lib 15:k22
U4otsl 0.04 Kum, Wdddmr/ <0.03,_ 0.02
Ida-.54 <0.09* <0.09" <0.09*
Co-58 <0.10• 40.10 ° <0.100
Co40 0.11 JUqold • <0.10" 0.04

<0.2* " <0.2 ° <0.2 °
St,410 0.41 300 Arm-331 0.01 DrollILmlch 0.132k0.33
ZIr/l_ <0.4 <0.4 • <0.4 •
IIWNI_I06 <0.6* <0.6" <0.6*
1-131 <2.4" <2.4" <2.4*
Cs.,I_ <0.010 <O.M* <0.080
Cs-137 0.17 YsktmsIbm'. <0.09• 0.10
Co-!41 0.2.5 Bauoa 40.21 ° <0.21 •

• Celh+144 1.3 300 Ares-331 <0.47• 0.54
I_2311 <0.003* <0.003" <0.003"
Pe-239J40 0.002 Rum, Pmmm'Ban., 40.001" 0.002

Ylklml ]hlr., ALB
II

t

(I) " - malylkJ ilmll.
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Vegetation Radionuclide Contmninaflon Overview
for Hanford and Vicinity 1976

O

Med Smp
" Romtm_ mnplinj wasperfommtat locationswithin_ Hartfordrmerv_on andits

_. Nstivo!mrmn_ vqletation,primarilythe8rowthfromrabbitbnmhplmm,was collected
andmmlyzedfor Ipmmmmsittmsuslnj a lithium-drifted8ermaniumdetector,for plutoniumusing
alphaspa:umcopy,andfor Sr-90anduranhsmbyspecificanalysis(BNWIr2142ADD, p. X-I;
BNWI-2142,p. 17;BNWL-2246,p. 2S). Radiom]cltdmamd_ includednaturallyocmrdng K-40,
Ra-224,P.a-226,andtoudU, andartificiallyproducedCo-60, Zn-65,Sr-g0, Zr/Nb-95.Ru-106,
1-131,Cs-137, Ba/La-140,C_141, C_144, Pu-238,andPu-239,240(BNWL.2246,p. 31;
BNWL.2142,p. 18;BNWL-2142ADD, p. X-6, X-7).

Greenleafyvqletablmsuchu spinach,leaf lettuce,turnip_as, andmustardgreenswere
colkct_ dwi_ the8rowi_ seasonfromlocalfarmsandcoammrcialstores. Cmnpmitesamples
weremmlyz_ by 8mmm specumccpyandspecificamdysis(BNWL.2142,p. 12, 14). Radioisotopes

_ amly'miinchxlaiK-40, Co-60,Zn-65,$r-90, 1-131,andCs-137(BNWL.2142ADD, p. vm-lo;
BNWIr2142, p. 14).

4k

Nmtvepemm_ vesemkm mnplm, prinmrUythe _w_ f_'murabbitbrushplmB, werecol-
lect_ fromtwmw/sitesmz:mnp4Mmin8Hanfordandits perimeteras partof a specialsix-yearradio.
clmzdcalamly_ survey. RadiomclldmanalyzedincludedK-40, Ih-224, Ra-226,U, Mn-54,Cc-58,
Co._, Zn._, St-g0, Zr/Nb-95,R_!06, 1-131,Cs-134, Cs-137, Ba/I_I40, Ce-141,Ce/Pr-144,
Ce-144,Pu-238,andPu-2J9,240 (BNWL-2249,p. $, 9,13).

Vqemion commlmzionwas observedin45 of 241 radiationzoneswithintheHanfordperim-
mr dur_ aninspectionin 1976. ,Severalof the zones werelocatedin the vicinityof active
d__ sites. Coatmntmstonwas reportedas majoror minor(ARH-LD-154,p. 81-gO).

Vesetsflonwascollectedfrmhthreecontrolledplots in the200 Areaoutsideof the200 Area
Nmrity fm_. Floracoll_l _ shrubsandherbs,deepandshallowrootedplants,and
anmmlsandpmmmlals.Planmincludedclmqlrm, nmmrd, scurfpea,Russianthistle,desert
parsley,bt$sspbsx_, hopuge, _ rabbitbrush,_-tonmo leafplant,balsamroot,STay
mbbitbnmh,Sam/bu_ bluqnms, _ (sic) w_, andcmspositemnplm. Spec_ were
analyzedfor betaemitters,Cs-137,andK-40(ARH-LD-154,p. 99, I00).

,It

Smpans Lo,aaem ,

. Nativeperesmialvesetetionsmnpleswerecollectedfromlocationsto includeYakimaBarricade,
WshlukeSlope#2, Bets Ranch,Rtnsold,Byer'st,mtt_, HanfordCP#57, 100-FAreaCP_8,
200-EHill CP_I, 4S-ArmyLoopIntersection,Eastof 200-WCP_, eastof ALEfield lab, northeast
cornerof Exxonsite. esstof Californianuclearburial8round,1/2 milenortheastof FFIF, 1 mile
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southesstof I-N Trench, Gable Pond CP_3, 1 mile north of the 300 Ares, 1 mile south of the
300 Area, I mile northof WPPSS _ _, I mile south of WPPSS #2 .f_ce, Horn Rapids Road,
smsdnmtof old Hsnford townsi_, and east of the 300 Ares (BNWI_2246, 29-31; BNWL-2142,
p. 18; BNWL-2142 ADD, p. X-6, X-7).

@

Lesf_ vesetsble smnpla were collected from Riverview fsrms, Benton City, and conunercial
(BNWL-2142, p. 14; BNWL-2142 ADD, p. vm-lo).

I

V_ sampledaslxtrtof thespecialsix-yearsurveyof theHartfordenvironswascollected
flint the_ cornerof Exxm site,I mile semhofthe 300 Area,Byer'slanding,1 mile north
of _be300 Arm, ALE field lab,l/2 mile mmbeastof FFFF site,1 mile southof WPPSS32, 4S-Army

_mtmsecda8,I mile north of WPPSS#2, RingoJd,east side of CJdifornisnuclearburial ground,
200 Hasthill CP_I, HanfoMtownsite CP_7, Yakima Barricade,200 West Area CP#2, Gable Pond
CP_3, 100P Area CP_8, 1 mile smJthesstof 100-N ueach, Berg Ranch, andWahluke #2
(BNWL-2249, p. 7).

nmm where coatmimtmi vegmtton was present included 216-A-1,216-A-8,
216-A-24, 216-A-25, 216-A-29, 216-B-2, 216.B-2-1,215-B-2-2, 216-B-3, 216-B-14-19, 216-B-20-22,
216-B-35-42, 218-B-2, 21&.B-4, 218-B-$, 218-B-9, 218-E-10, 216-C-1,216-C-2, 216-C-4, 216-C-5,
216-C-6, 216-C-10, 216-S-1,216-S-2, 216-S-6, 2164-7, 216-S-10, 216-S-17, 216-S-20, 207-S,
216-T-3, 216-T-14, 216-T-15, 216-T-16, 216-T-17, 216-T-21, 216-T-22, 216-T-23, 216-T-24,
216-T-25, 216-T-30, and UN-216-W-$ (ARH-LD-I54, p. 82.90).

Vegemien was mllected from three com_Hed plots in the 200 Area - B-C Crib comzolled area,
C,mmol Pt0t #1 (smahwat of Redox Pond #4), mzl Comml Area #2 (west of the northwestcorner of
the20OWet Area,nearArmyLoopaoai)(AmI-LD-154,p.99).

v_ wmconeca_fromfivemdom(desiSn._54throush58)frominsidethe2ooArea
S_ fence. Stsdon54 wasin the200 West Area, at the northeastcorner of Beloit and
23rd Strem. SUttion55 andStsdon56 werebmhlocatedin the200 WestArea, theformer_
ahem80 yardswestof pole#746 on _ Avenue,andthelatter_ of theRedoxStack-
$$ feet. Station 57 was located in the 200 Past Are8 _ of the Pwex Stack, 100 yards west of
pole #447 on C.amm Aveaue and Station 58, also in the 200 Etst Arm, was east of 291-B stack and
northwestof pole #30 (ARH-LD-154, p. 101).

EvmlWlam QuaaUam

The N gem:mr, which used a closed primarycooling loop, was the only productionreactor
mmininll in _ in 1976 (BNWL-2142, p. 1). Low-level releases from this reactorcontributed
to elevatal downmemn co_ns of Co-60 throushout the year (BNWL-2246, p. vi).

Spill cooler failures on March25 and November 20 resulted in elevated releases of radionuclides
to the CohmsbiaRiver from the N Reactor(BNWL-2142, p. 7; BIqWL-2246, p. vi).
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On SqZmmber26, 1976, the People's Republicof China tested a low-yield nucleardevice
reportai to be 20-200 kilotom. Fallout debris, first detected in Richland, WL_fini_n, moved across
the United States, depositing significant radioactivedebris along the eastern seaboard, due to heavy
pmctp#atina (BNWL,.2164, p. 1). Maximum_c radionuclideconcentrationswere observed

s following this detomtion (BNWL-2142, p. 3; BNWL-2246, p. 5).

On Jammy 23, i976, the Chinese cmied out a mnalleruuclear test thatproducedradioac_ve
" levels about 100-fokl Iowa"th_ the test in September(BNWL-2164, p. 2).

There was "noctaglmive impactfrom Hanfonl opemfiom" on vegetation samples collected
durinl 1976 (BNWL-2246, p. vii).

P,adimatclk_ obN_ed in all _, wildlife, and soil munplesfor 1976 were attributedto
fallout or _ _tmes (BNWL-2142, p. 3).

Cemtltuem Memured/ported

Amlyttcal rmulm were mlmned in table form in unim of 10"epCi/g or pCi/g (BNWL-2142
ADD, p. vm-lo, x-6, x-7; BNWL.2246, p. 31; BNWL-2142, p. 14, 18; BNWL-2249, p. 9, 13;
ARH-LD-154, p. 100, 102). amslts were also prmmzed in the form of leg-normal probabilityplots
(BNWL-2246, p. 32, 33; BNWL-2249, p. 8, 10, 12, B.2-B.8).

4

The _ m_om of radi_ observed in leafy vegetable samples were from
K-40. _fium-90 _ were attributedto world-wide fallout and1-131 concentrations
were less than detection limits (BNWL-2142, p. 14),

Elevated _ of Co-60 attributableto Haaford opemtiom during 1976 were found at
the east tide of the California nuclearburial grounds(2.1 i_i/g) and near Gable Mountain Pond
(0.9 pCi/lg)(BNWL-2249, p. t2).

The median com:mzmfiom of mmmHy occurringK-40 and tuanimnobserved in vegetation
samplescollectedduringthesix-yearradiochmnicalmm/ysissurveywerelIand0.03pCi/g(dry
weislg),rmpa_vely.SmnplesexaminedfornaturallyoccurringRa-224andRa-226yieldedresults
thatwerelessthandetectable(BNWL-2249,p.9).
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radionuclideconcentrationsobserved in locally purchasedleafy vegetable samples for
1976 (BNWL-2142 ADD, p. vm-lo; BNWI_2142, p. 14):

(Concentr_om in units of 10-6 IzCi/8, wet weight) *

Radionaelide Riverview Farm Benton _iw Farm Commercial
I

K-40 7.5 + 2.9 3.3 + 1.2 3.9:1:1.1
Co-60 0.14 4- 0.15 .(a) 0.06 + 0.12

0.03 d: 0.25 0.02 -1-0.14 0.05 + 0.21
Sr-90 0.07 4- 0.008 0.01 ± 0.002 0.007 + 0.002
1-131 0.01 4- 0.13 - 0.01 :t:0.19
CS-137 0.01 + 0.18 0.002 -1-0.07 0.01 4- 0.11

m

(a) - = notanyzed.

Themedianconcmstratlomofman-maderadiom_lides detected in vegetationsamples collected
in the Hanfoni _ for1971-1976 (BNWI_2249,p. 13):

Rsdimmclide eCi/a (dry weiaht)

Mn-56 , (a)
Co-_8 0.0001
Co-60 0.024
Zn_ 0.45
Sr-90 0.68
Zr/Nb-9$ 0.6
Ru-106 0.41
1-131 0.25
Cs-134 *
Cs-137 0.37
Ba/La-140 11.0
Ce-141 *
Ce/Pr-144 1.8
Ce-144 *
Pu-288 .5 x 104
Pu-289,240 1.7 x 10-3

tt

(a) * = less than the detectable limit.

_t
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Major contamimflon was observed in the following radiationzones during 1976 (ARH-LD-154,
p. 8248):

216-A-1 218"E'4 216-C-6 216-T-14 216-T-24
s 216-A-8 (a) 218-E-$ 216-C-10 216-T-15 216-T-25

216-A-24(a) 218-E-9 216-S-1 216-T-16
216-B-2-2 216-C-1 216-$-2 216-T-17

" 216-B-20-22 216-C-2(a) 216-S-17 216-T-21
216-B-35-42 216-C-4 207-$ 216-T-22
218-B-2 216-C-5 2i6-T-3 216-T-2_

(a) In vicinity of active disdm_e site.

Minor cemamimflon was _ in the following radiationzones during 1976 (ARH-LD-154,
p. 82-90):

216-A-2.q(a) 216-B-2-1 218-B-10(a) 216-$-20
216-A-29(a) 216-B-3 216-S-6 216-T-30
218-F,-1 " 2i6-B-3 (a) 216-S-7 UN-216-W-5
216-B-2(a) 216-B-14-19 216-S-10

(a) In vicinity of active discharge site.

Maximumradio_ concentratiomobserved in plantscollected outside the 200 Area Security
fence (ARH-LD-154, p. 100):

(Concentmiom in units of pCi/g, dry weight)

Radioisftove- B-C Crib . ControlPl_ #1 ControlPlot #2
.._lmL._ vlant vlant max.

Beta 67,000 cheatllrau 432 desertparsley 962 S. bluegrass
Cs-137 23,000 cheatgrass 345 S. bluegrass 379 S. bluegrass
K-40 15.5 S.tomato leaf 12.5 big sagebrush 28 composite
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Concmzrmtom of radionuclidmobserved in native perennialvqetation samples collected in the
Hmsfordvicinity during 1976 (BNWI.,-2246,p. 31; BNWL-2142 ADD, p. X-6, X-7):

(Co--ore inunitsofpCl/8,dryweight)

P.,diomscUde Masimai Max.Ioe_on _
K..40 65 1 Mi SE of 100,.N_ 8.9 18
U-total 0.04 NB corner Exxon site < 0.03 *(a) < 0.03* "

0.90 GablePondCP#43 <0.I* <0.15
St-90 0.13 Wahluke Slope #2 & 0.01 0.04

200B Hill _I
Zr/Nb-95 0,14 Gable Pond CP_3 <0.I* <0.I*
Ru-106 0,17 I Mi N WPPSS_ fence <0.5* <0.5*
1-131 0.15 Gable Pond CPI43 <0.2* <0.2*
Cs-137 0.56 Eastof200-W CPbv2 <0.I* <0.13
Ba/La-140 0.13 Gable Pond CP_3 <0.3* <0.3*
Co.141 0.16 Gable Pond CP#43 <0.1" <0.1"
Ce.144 1.0 1 Mi. South of 300 Area <0.4* <0.43
PO-288 0.002 East of ALE field lab < 0.003" < 0.003*
Pu-289,240 0.006 [hug of ALE field lab < 0.001" 0.002

(a) * = detection level.
l

Concemrndom observed in vegetation samples collected inside the 200 Area security fence
(ARH-LD-154, p. 102):

(Concentratiom in units of pCi/8, dry weisht)

station# Beta cs-137 K.4o

54 190 3.48 ND(a)
55 < 75 22.5 11.5
56 99 21.6 115.0
57 177 10.6 10.6
58 228 36.7 ND

(a) lqD - none detected.
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Vegetation RadlonucHde Contamination Overview
for Hartford and Vicinity 1977

P

MU, Smupd
Ib

v_ munplingwas pm_orm_ at locations within the Hanfordreservationand im
_. Nsdvo _ vegmtion, prinmrilythe 8rowth from rabbitbnmhplanmandanmml
lining, was collected and analyzed for SammHmttttn$ radionuclldesusing a lithimn-drlfl_l 8emm-
nium detector, for pl_ _ trainsalpha _ and for Sr-90 anduraniumby specific
mmlysis (PNI_26i4, p. 17; PNL-2677, p. 27). ltadl_es analyzed includedtotal U, K-40,
Co.60, $r-90, Zr/Nb-95, Cs-137, Ce-141, Ce-144, Pu-238, Pu-239, andPu-239,240 (PNL-2677,
p. 29; PNI_2614, p. 19).

Green leafy vegetsblm includinll spinach, leaf lettuce, turnipgreens, andmustardgreens were
collected during the _prowinllseason from local farms and _ial outlets. Composite samples
were analyzed for K-40, St-90, 1-13i, and Cs-137 (PNI_2614, p. 14).

The Hanfo_ reut_ation _ nine plant ccnmltmtties: nliebnmh/bluebunch wheatgrass
ammm_,.qebnmh-biUmbnmh/_q_m.maek_.b_,uS____m-m_rs-
btuqmu,_msrm,_, _ood, .p_h0p.qe,_, andthymebuckwheat
(PNL-2253, p. 3.1-3.3). Ninety-two plant species occurringon the 200 Area Plateau were identified
andlisted(PNL-2253,p.3.3,A.I-A.5).

A study was performed to determine the uptakeof radionuclidesby tumbleweedshoots and
¢Jaeatllnmsamples on five differentHanford areasoils. Radionuclidesanalyzed included sr-85,
Cat-134,and Tc-99. Soils were minded with the radion_lldes andconcentrationratios were
reported(PNL-2253, p. 5.7, 5.10).

SampUug_ons

Native perennial vegetation samples were collected from locations to include Wahluke#2,
Yakima Barricade,ALE Field Lab, PTeaserBarricade,northeastof FFTF, southeast of FFTF, Wye
Barricade,HanfordTownsite, 200 ENC, 200 East Hill, East of 200 West Area, Riverview, Byer's
Landing, Sasmnoor, PetterFarm, BaxterSubstation, west end of Fir Road, Ringold, Berg Ranch,
Benton City, and Smmyside (PNL-2677, p. 29; PNL-2614, p. 19).

- Leafy vegetables were coilected from Riverview, Ringold, Benton City, Smmyside, and
conmmrcial sources (PNL-2614, p. 14).

. Vegetation sampled as pan of the plant radionuclideuptakestudy were collected from
Liclmkillet,Ritzville, Warden, Burbank,andRupert (PNL-2253, p. 5.7, 5.10)
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Sijniflcant Events/Emission Quantities

The N Resaor, located in the 100 Areas, was the only rmnsin_ reactor in operation. This
ms a dual_ rm_r, providinsplutonium formlUm7purpom,and.teamfor

demicalpower8enmtton. Theructorwu cooledby recimdatin8waterin aclosedloop q
0,m,-22s3.p. ].s).

On September 17, 1977, the People's Republicof China conducteda nuclear test which resulted
in hillnr mmJplm_ 1-131m_ons andelevated concem_ons of I-131 in milk samples
(PNL-2614, p. 3).

I

All observed mdiom_ides presa_ in foodst_f8, wildlife, Snd soil samples durins 19'77were
amibuted to worldwide fallout or naturalsources.

Maxinmmconcenuatiom of sdrbomeradionuclidm were attributedto past atmosphericnuclear
d_mtiom (PNL-2614, p. 3, 4).

l)udns 197'7,a high concmm_ of Pu-239,240 was observed in a vegetation smlple from the
ploteastof the200 WestArea. A bish_:oncealrationof Cs-137wasdetectedin a vegetationsample
collecm/from the200 BNC site. Bothof theseevem were_ to Hmford operations
_2677, p. iv).

Hanfoni opm_o0s' during 1977 caused no distJnplslnble hnpact on concentrationsof airborne
rtdiomelidas or extmnl radiationdose as memm_ near to andfar from the Hartfordsite
(PNL-26i4, p. 3).

ComMtueats MeMured/Reported

Antlytical results were reportedin table form in units of i04_Ci/g (PNL-2677, p. 29;
PNL-2614, p. 14, 19). Ras_ts were also reportedas concentrationratios (plant/soil) andplant-shoot
uptake concemrafiom in units of ng/g (PNL-22.53,p. 5.8, 5. i0), md in log-nonml probability plots
(PNI_2677, p. 30-31).

Conmaratiom of radionuclidesobserved in leafy vegetable samples (PNL-2614, p. 14):

(ConcenUaflonsin unitsof 10"6i_Cilg,wet wetsh0

ms, rail _ mu. _ _.mu__

aJverview 4.0 1.4 2.6:1:2.4 0.02 0.008 0.01 ±0.01 ,(u) ,

Rinjokl 3.7 0.007 * *
BemonCity 4.0 0.02 * *
Sunnyside 3.4 0.01 * * .
Commercial 3.6 1.2 2.14"1.8 0.009 * <0.01 * *

t J, _

(at) * = less thaa detection limits: K-40 -0.8, St-90 -0.002. 1-131- 0.2, Cs-137 - 0.05.

158



1977

Co--ore of mdlonucltdmobservedin vesetattonsamplescollectedfrom locationsin the
vicinityof theHanfordrmervation(PNL-2614,p. 19):

'_ (Concmltmttomtnunitsof 10"e#Ci/8, drywei8ht)

Rsdtm tde MSSim Coc n ofMu.
i

K.40 65 West _mdof FirRd 24:1:38
U..toutl 0.03 BergRm_ <0.01
$r-90 0.17 Rlvm'view 0.06:1:0.1
Zr/Nb-9S 3.6 ALE < 1.7
C4.D7 0.24 ALE <0.1
Ce-141 0.4 YakimaBarricade <0.2
Ce-144 2.0 ALE <0.6
Pu-_IS 0.06 Peum <0.01
Pu.289 0.05 Petm 0.01:f:0.03

Cmwmm'xiomof mdloauclidmobservedin veseution mnpim collectedwithinthe Hartford
(PNL.2677,p. 29):

inunluof104 #cs, dryweh0

.....

0.58 Hastof 200 WestArea <0.16
Sr-g0 0.72 PrunerBarricade 0.19
Zr/Nb._ 9.8 Pmuer Barricade 4.1

137 $.6 200 RNC < 0.85
Ce.141 0.71 ProsxerBarricade <0.46
Ce-144 4.$ Preum'BardcMe 2.2
Pu-2&q 0.02 200 ENC < 0.008
Pu-289,240 0.02 ALE,200ENC,E ofW-200 < 0.008

Resultsfromthe investipdon involvin8theuptakeof radiom_lidesfromcommina_l soils
indicatedthatTc-99 concmm'_om8enerailydecreasedin tumbleweedshootswithgrowthtime, the
revme ofthatfoundfor stmmium and cesium. Tw.hnetiumuptakefromthesoil was ltrge, reducing
the soil pool andlimitingsu_ plantuptake. Strontiumandcesiumuptakefromthesoil was
small,with the tmountre_ in thesoil reaminlngconstant,neverlimitinguptake(PNL-2253,

. p. 5.7).
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Vesetstioa RsdionucndeContmulnatlouOverview
tor Hsntord andVicinity1978

@

MartsSWupbd

" Itmsim valuation unqdlnl wu pwfaeundstlocationswithintlnoHmfordrmmZion tncllu
" pethmw. "I_ mornImm41y41mrl_l _jlmor ,..',.._mt_ oo.om,Ixlo_ w _ _

ammmu,_(pm.,-_3.p.3). vqaJon0mplucohereda,d_pad
mmUmdota_ amec#onotmwSmw_fkunpemnUlvqZzioaIsml_iqrm_ruJh
(Ch_a_mnurup.),bJmdmub_ m_n,m),mi uSdmub_ _)
(pNL-2933,p. 37). _mplesweromdyssdtor_ rudiomclidesmini s Itthlum-ddthsd
imumim dtuczm_ p_toeJumImopmUS ruaiodumJc_xpauimnd adphtJpemmmpy;
lad fix St-gOmini "diochllnkd _ (PNL-2933,p. 37; PNL-2932,p. 19). lbldiomlclidel
mdymd IlmludldCo._, Sr.90, Zr/Nb._, C1..137,Co-144,Pu..238,luzlPu-238,240(PNL-2933,
p. 42). SmlVlmwmlllO_fOrloUd urmlumxldK.40 (Plg_2932, p. 21).

OmmIm4,vemuUlm,rodsmmpUnch.Jmflmum.mmipram.nomdmu4 mum.md
bUs(peas,_,_ md_) wm oUuimddurtaqrue_ umoaftuntUruu
wmddlxmtftumtho_81_ mdemmm_ _ (PNL.2922,p. 16, I'D. Smqdm were
ms/ymd tot K-40, St-90, sad Cs-137(P_2932, p. 17).

A specialsurvoywu I_ to det88'minsthe1-129contmtinforsje_ deorstHsn_rd
andJunuu_UtSlocuk,u_-33S7. p._)._ or_ mdtour(decompminsveSm-
tion)wen coiloct__ umplinl _ duflnj,lamuuryandP_ 1978,and_ tot 1-129

_ _ by_ andTamy (197_md _ _ Suubln(1978)(PNL-3357,
p. 4). _ werocompmdmsauq_mcolleclsdin 1972snd1974(PNL-3357,p.v).

sUmpUnsLoauhu

NSive _ ve_ _lea _ collecl_ durinl A_ 1978,fl'omIocliom bothon-
sire_ o_4#o(1_'L.2933,p.37). _im locxlom_ W_ulm_. YnkJm_, ALl+
FieldLib, Prouer _, _ of FFFF, _ of FFI'F, Wye Bmicnde, Hsn_rd
Townsite,_ ENC, 200 _ Hill, lnd _ of 200 WmtAme. OIY4itesmnplinllocationsincluded

Firm, _'s __, $_ Fmu, TsylorFire #1,TaylorFire #2, westEndof Fk
_, _ld, Bet'SRsnch,BeamnCity, _ide, 8ndRivecview(PNL-2932,p. 21; PNL-2933,
p. 42).

,q

Prutt sampleswere collectedfromtheSqeazx)r vicinity(PNL-2932,p. 17). Samplesof ledy
vesewbleew_ coll_ fromPJvervtew,_ld, theSalmu)orVicinity,BeumnCity, Sunn_tcle,
_lo, Wall#Walla, andcomnm_hdoutlets(PNL-29:32,p. 17).tb

_!m of vesetsdon sncllitterwerecollectedfromHan_rd (between100 D 8nd 100H Arees);
WoolenGmneIbmllein theBlue Moumaimalonl theTucanm)nRiver(160 kmesst of Hsnforcl);
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h _ RiverJr W_ (120innuort_m_ of Fl.anfo_);_ Ceni_ta (270Inn
of _; and_ _ Bend,_ (apl_m_y 370Innsouthof Hartford)._lm

werealso_ _ _ _ of _ _ stvarious_ sitelocations_33$7,
p. 3).

Events/gmim qusnaem

The N_, _ _ a _ _ coolinlI_, wash onlymmininj plutonium-
_ in _ _ 1978. _ _ alsompplbd_ forelectricalpower

8mmtiea (P_...29_, p. 1;PN1,-2933,p. 1).

1978,Hsafotdepcsttiam_ nodistinpdshable_ onconcemr_onsofairborne
tzdl_udtdunm toorfir fh_ tin _ olinCI_IL-29'J2,p. 4).

_ 15,1978,tin _'s _k_ of_ condamdan_ nuclesxtest,
inmaximum__ of_ _Ikks (PNI,-2932,p.4).Xodlm-131

. -.............in_ alt_ _ b _ _ _ 1978,excep¢dm4.u8aonenmmh
_ _ _ _ _ (P'r,n.,._3,p. _4). .

P_-!_ _ infoodsm_,_, andsoll_ wereanrlbutedtoworldwide
_ a _ _ (eNI,-2932,p.4).

CmsmuamsMesmnnd/

Amlyttcal_ wems_ in tableformin_ of 1_ _i/8 (PNL-2932,p. 17,21;
PNL..2933,p. 42). _ werealso_ in theformof los-reran1preb_ilityplots
(PNL,-2933,p.40,41),_ inunissoffCi/8('PNI.-33S7,p.I0,13).

A_ _-_ of_kles _ in_ mnplescollecu__ the_r

(Concmmk_ inunitsofI04_I/$,wetwt.)

•(a) •
1.0 *

O_ 1.8 * "
Apples * *

(a)*- less_ _l®.
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of radlom_tdes observed tn leafy v_ie mnples (PNL-2932, p, 17):

(C.oummm/mmInunluof 104 0sCI/8,wetw_.)

" _ ..... K.-4o. sr.9o c,.137 .....

, ..mln. _ .mln..x_ .urn. mlm _
4.0 * <2.5 0.06 0.01 0.03 ,(a) , ,

Rinpld 2.1 * *
Sagmno_ 3.8 *
Balml City 2.7 * *
9UU35ide 3.6 0.02 *

1.9 * *
WallaWalla 7.5 * <4.8 0.01 0.007 0.009 * * *
Colnmm_ * 0.005 *

(a) * - lu __le.

__ of _ obemvalIn permmidvejeatttonmunples (PNL-2932, p. 21):

(_s_ inualmotIo• _,_vs,drywt.)

Av8 _ Lhnlt :3.0 0.02 0.01 0.1 0.1 0.4 0.003 0.005
Rlvm'vl_ 10 ti.12 0.14 0.3 0.2 1.7 ,,,(a) 0.006

Byur's_ 12 0.02 0.06 * 0.2 0.9 * 0.01
Sqllmoor 13 0.04 0.03 * 0.3 0.5 * *
TIMIorFills I IS 0.03 0.09 * * 0.$ * *
TaylorFlals2 I0 * 0.03 * 0.3 I.I * 0.006
W _ FirRd 13 0.04 0.03 0.I 0.2 1.2 * 0.004
Rtnsold 12 0.04 0.06 * * 0.6 * *
B_ Rmch 13 0.02 0.12 * 0.2 0.8 * 0.004
Wahhsks#2 8 0.03 O.14 0.2 0.2 1.0 * 0.004
YaldmaBalrr. I I 0.02 O.I0 * 0.2 I. I * O.0S

13 0.1)6 O.IS * 0.$ 1.1 * *
City 8 0.02 0.02 O.I 0.2 0.8 * *

Slmnyside 9 0.02 0.13 * 0.2 0.7 * *
Average II <0.04 0.09 <0.12 <0.2 0.9 <0.003 <0.009

..... L i

(a)* - lea tlumthedmclxbloItmit.
Ib
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• Concemraflomof radiom_idesobsc_ed in vqetatton samplescollectedfromHanfordandthe
,urrmmd_ vicini_(Pm,-2933,p.42):

(Concem_ominunitsof 104 _,Ci/8.DryWt.)

Wdduks t2 * 0.14 0.24 0.18 0.98 * 0.004
YsktmaBm'rtcade * 0.10 ,(a) 0.21 1.1 * 0.OS •
ALB FieldLab * O.I$ * 0.53 I.I * *
Proner B_'kmlo * 0.17 * 0.28 ' * * *
NB of PFrP * 0.08 * 0.22 1.3 * *
SE of FFFF * 0.11 * 0.27 1.3 * *
Wye Bardcede * 0.14 0.12 0.ii 0.85 * *
Hm/brdTowm_ * 0.09 * 0.23 1.0 * *
200 ENC * 0,19 * 11,0 I.I * *
200 Rut Hill 0.07 "0.19 0.07 0.26 0.73 * 0.009
B.-200 WestArea * 0.07 * 0.36 1.4 * 0.006
Av8. on.4im <0.07 0.13 <0.12 1.2 1.0 * <0.01
Off-dm
Hsrrb Farm * 0.14 0.29 0.22 1.7 * 0.006
Byer's_ * 0.06 * 0.19 0.90 * 0.01
Sqpmow Finn * 0.03 * 0.26 0.50 * *
TaylorFire #1 * 0.09 * * 0.51 * *

i TaylorPlaza_ * 0.03 * 0.25 I. I * 0.0(M
WestBod-FlrI_i * 0.05 0.13 0.23 1.2 * 0.004

• 0.06 * * 0.5 * *
Beql Rmch * 0.12 * 0.17 0.84 * 0.004
BmlonCity * 0.02 0.II 0.23 0.79 * *
Susmyside * 0.13 * 0.20 0.72 * *
Av8. off4ite * 0.07 < O.14 < 0.19 0.89 * <0.006

(a) * = less thandem:flonlimit.

(_ inunitsof fCi 1-129/8drywt.)

Bend,Oregon 0.013 0.0077
Centralia,Washinswn 0.018 0.0067
Wenatchee,Wuhin_on 0.086 0.027
WooWn,W_n 0.0_ 0.017
Hartford,Washington 9.2 0.26

d,
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Rmdm comparing1-129 concem_ions observed in litter, grasses, and shnd_ for 1978, 1974,
and 1972 (PNL-3357, p. 13):

(Concmm_ons in units of fCi/8, dry weight)
Q

Dimm_ hom Nearest
Re9_roemaina PI_ Date Collected _ Grasses Shrubs

:0

1 6/74 3.4 0.47
6/78 8.4 1.9 1.4

... 1.5 8/72 150
6/74 14 11 4.3
6/78 2.0 2.4

5 6/74 11
6/78 5.8 0.28 0.24

12 10/72 12
6/74 0.32 "
6/78 0.72 0.026 0.066

14 6/74 0.59 0.12
6/78 0.072 0.040 0.055

26 10/72 5.2
6/74 0.57 0.14
6/78 0.51 0.083 0.025

32 10/72 2.0
6/74 0.93
6/78 0.59 0.019 0.028

47 6/74 0.25
6/78 0.079 0.009 0.016
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Vegetation RadlonucHde Contamination Overview
for Hartford and Vicinity 1979

,t

Media Sampled

" _ vegetation sampling was performedat locations within the Hanfordreservationand the
surrmuxllngvicinity. The most broadlydistributedtype of vegetation on the Hanfordsite belongs to
the segebmsh/cheatgrass/bluegrus community (PNL-3283, p. 2; PNL-3284, p. 3). Vegetationsam-
ples collecUd during late summer 1979, consisted of a representativecollection of new growth from
permmialvegetation including rabbitbmsh(Ou,ysothamma up.), bitterbnmh(Purshia tr/dentata), and
segebmsh (Artm_/a trgdentata) (PNL-3284, p. 37,38; PND3283, p. 23). Vegetationwas collected
from each sampling site in proportionsequivalentto those presentat the site, i.e., if the plant cover at
the site was 30_ mbbitbrushand 70% sagebrush, then the sample would be collected in the same
proportions (PNL-3283, p. 23). Samples were analyzed for 8aromaemitting radionuclidesusing a
lithimn.drifted8emmdum detector; for plutonium isotol_ using radiochemicalseparation and alpha
spectrmce_; and for Sr-90 using radiocbemicaltechniques(PNL-3284, p. 38; PNL-3283, p. 23).
Radiomsclidesanalyzed included K-40, Total U, Co-60, Sr-90, Zr/Nb-95, Cs-137, Ce-144, Pu-288,
and Pu-239,240 (PNL-3283, p. 26;PNL-3284, p. 42).

Samples of f_t and green leafy vegetables were obtainedduring the growing season from farms
distant to andin the vicinity of the Hartfordsite. Locationsranged from perimetersites to 47 miles
hem the nearest site boundary0PNL-3283, p. 15,17). Leafy vegetables included spinach, leaf let-
tuco, turnipgreens, andmustardgreens (PNI,-3283, p. 15). Fruit samples included cherries,

•peaches, plums, pears, apples, grapes, and cantaloupe(PNL-3283, p. 18). All samples were analyzed
by gammaspectroscopy for gamma-emitting radionu¢lidesusing a 9 inch by 9 inch Hal (TI) well
detector OPNIr3283, p. B. 1). Radiochemicaltechniqueswere used for St-90 analysis. Only the
edible portions of the fruits and vegetables were analyzed (PNL-3283, p. 17). Fruit samples were
analyzed for K.40 andCs-137, and leafy vesetables were analyzedfor K-40, Sr-90, and Cs-137
(PND3283, p. 18).

Vegetation samples were collected as partof a special survey along shorelines and islands of the
Columbia River. Samples were collected from 6 sites where contaminationlevels were below
25 pg/hr at one meter above the ground, and from two sites thatwere more highly contaminated.
Vegetationsmnples were analyzed for Co-60, Cs-137, and Eu-152, as well as naturallyoccurring
radiomuu_lides(PNL-3127, p. iv, 31, 35).

. Sampling Locations

Native perennialvegetation samples were collected from 13 perimeter anddistant locatiom to
J include Riverview, Byer's Landing, Sagemoor, Taylor Flats #1, Taylor Flats #2, West EvA of Fir

Road, Ringold, Berg Ranch, Wahluke#2, Yakima Barricade,ALE, Benton City, and Sunnyside
(PNL-3283, p. 26). In other sampling, vegetation was collected from on-site locations to include
Wahluke#2, Yakima Barricade,ALE Field Lab, Prosser Barricade,northeastof FFTF, southeast of
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FFrF, Wye'Barricade, Hanfordtownsite, 200 ENC, 200 East Hill, and east of the 200 West Area.
Off-site collections were performedat the Harris Farm, Byer's Landing, Sagemoor Farm, Taylor
Flats #1, Taylor Flats #2, west end of Fir Road, Ringold, Berg Ranch, Benton City, and Sunnyside

(PNI._3284, p. 42).

Fruit samples were collected from the Sasemoor Vicinity and Sunnyside (PNL-3283, p. 18).

Samples of leafy vesetables were collected from Riverview, the Saseng_r Vicinity, Benton City,
Othello, Walla Walla, and Sunnyside (PNL-3283, p. 18).

Vegetation samples were collected as part of the special radiological survey of shorelines and
islands from the N-Area Snore, F-Area Slough, HartfordTownsite Peninsula, Plant Shore across from
Wooded Islaml, RichlandMarina, the McMurrayStreet Shoreline, the H-Area Slough, andthe
HanfordTownsite Slough (PNL-3127, p. 33).

Significant Events/Emlssion Quantifies

The N Reactor, which utilized a closed primarycooling loop, was the only remainingplutonium-
productionreactorin operationduring 1979. The reactoralso supplied steam for electrical power
lg.atCm_ou(PNL-3283, p. 1; PNL-3284, p. 1). Operationsfrom the N Reactor producethe majority
of radioactivity released to the mnmphere from Hanford(PNL-3284, p. 53).

During 1979, Hanfordoperations causedno distinguishable impact on concentrationsof airborne
racllotmclides,or on the external radiationdose measurednear to or far from the Hanfordsite
(PNL-3283, p. v.)

Cow.entrafionsof I-131 detected in the air were below the detection limit during 1979
(PNIJ3284, p. 13).

Radimaglides observed in foodstuffs were attributedto worldwide fallout or naturalsources
(PNL.3283, p. v.)

Elevated concentrationsof Cs-137 at 200 ENC were attributedto Hanfordoperations
(PNL.3284, p. 40).

Six accidetnl releases of radioactiveairbornecontaminantsoccurredto the atmosphereduring
1979 (PNL-3284, p. 60).

There were six unplannedreleasesof radioactive liquids to the soil during 1979 (PNL-3284,
p. 61).

There were three unplannedreleases of radioactivesolid wastes during 1979 (PNL-3284, p. 63).
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Comtiments Meuured/Reported

Analytical results were reportedin table form in units of pCi/8 (PNL-3284, p. 42; PNL-3283,
, p. 18, 26; PNL-3127, p. 33). Results were also presented in the form of los-normal probability plots

(PNL-3284, p. 40, 41; PNL-3283, p. 18, 26).

Averase cow,entrationsof radiOnu¢lidesobserved in fruit samples durin8 1979 (PNL-3283,

p. 18): (C_ions in units of pCi/g, wet weight)

Fruit

Sasemoor:
Cherries 1.5 0'.003
Peaches i.6 -0.O04
Plmm 1.8 0.003
Pears 0.73 0.02

Appim 1.1 0.01
Grapes 1.9 0.009

Sunnyside:
Peaches 1.2 -0.002
Plums 1.3 0.003
Pears 0.87 0.01
Apples 0.65 -0.003
Cantaloupe 1.1 0.005

Concentrationsof radionuclidesobserved in leafy vegetable samples (PNL-3283, p. 18):

(Concentrationsin units of pCi/8, wet weight)

. [C-40 St-90 ........ Cs-137

_ Ava. Max. Mk. Av:. _ Min. Avl.

Riverview 4.7 1.7 3.5 ±2.5 0.17 0.002 0.05 +0.14 0.02 -0.002 0.01 :!:0.02

_llemoor 0.81 -0.005

Benton City 3.6 1.9 2.8 :t:1.7 0.01 0.004 0.007 +0.006 0.01 -0.008 0.003 +0.02

Othello 3.9 2.2 3. I 0.004 0.004 0.003 0.002

" Wilts Wilts 3.7 1.8 2.9+2.0 0.04 0.02 0.03 +0.03 0.04 -0.01 0.01 +0.05

Smmyside 2.6 0.01 -0.01

i
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Concentrationsof radionuclidesobserved in perennial vegetation samples (PNL-3283,
p. 26):

(ConcentrationsinunitsofpCi/8,drywt.)
,t

, _ _ _ _ _ _ ce.144 _

Av8detectloalimit 3.8 0.02 0.03 0.34 0.16 0.76 0.006 0.006
_tIUverview 13 0.03 0.06 0.21 0.22 0.46 -0.002 0.004

Byer'sLsndinj "Zq 0.23 0.00 -0.23 -0.006 1.0 0.02 0.01
Sasemoor 16 0.05 0.03 4).03 0.20 0.34 0.0003 0.003
Taylorlq_ I1 13 0.03 0.07 0.14 0.14 0.33 -0.0002 0.001
Taylor_ #2 15 0.05 0.03 0.23 0.09 0.59 O.m 0.001
W._ Firltmd 15 0.03 0.32 -0.10 0.09 0.30 0.001 0.002
Riqoid 13 0.04 0.06 0.18 0.19 0.70 -0.001 0.002
Berlbach IS 0.06 0.03 0.16 0.01 0.26 0.002 0.002
Wahltdm12 7.0 0.01 0.03 0.03 0.09 0.98 0.0002 0.0002
YskimaBarricade 9.6 0.02 0.09 0.23 0.18 0.72 -0.001 0.002
ALB 12 0.02 0.20 0.23 0.35 0.$1 0.004 0.008
BemmCity 7.1 0.02 0,_ 0.20 0.42 0.81 0.02 0.002
Sunnyside 3.8 0.008 0.iI 0.06 0.16 1.2 0.008 0.002

Samples of vq;etation andsoil collected from several sites alon8 the Columbia River showed
"contsmimtiondeposits" to consist of a mixtureof Co-60, Cs-137 and Eu-l$2 (PNL-3127, p. iv).

The majority of gmnma radiationemitted from samples collected along the Columbia River was
from naturallyoccurdn8 radionuclides in normal concentrations(PNL-3127, p. 31). Samples
collected from highly contaminatedareas containedgreaterconcentrationsof radionuclidesand levels
above those associated with worldwide fallout (PNL.3127, p.35).

Concentrationsof artificiallycreated, lons-lived radionuclidesobserved in vegetation samples
collected alon8 the Columbia River shoreline (PNL-3127, p. 33):

(ConcentratiominunitsofpCi/g,wetwt.)

_ Cs-137

N-Area Shore 1.0 0.09 ND(a)
F-Area Slough ND 0.04 ND
HartfordTownsite Peninsula ND ND ND
Plant Shore across from Wooded Island ND ND ND
Ric_hmdMarina ND 0.099 ND
McMurraySt. Shoreline 0.13 0.10 ND ,
H-Area Slough 0. I I 4.1 0.24
HanfordTowmRe Slough 0.064 0.64 0.21

tt
IIUi Ill

(a) biD = not detected.
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Co--ore of rKlionuclldesobserved in veip_ationsamples collected from Hanfordand the
surroundingvicinity (PNI_3284, p. 42):

• (ConcemmfiominunimofpCi/8,drywt.)

" Wshlulm#2 -0.006 0.03 0.03 0.09 0.98 0.0002 0.0002
YskimaBarricade 0,09 0.09 0.23 0.18 0.72 -0.001 0.002
ALEFieldLab -0.03 0.20 0.23 0.35 0.51 0.004 0.008
Proger Baatcade 0.06 0.08 0.20 0.14 0.36 0.04 0.03
NE of FFTF 0.02 0.07 0.32 0.06 0.70 -0.002 0.002
SE of FFTP -0.01 0.06 0.13 0.10 0.72 -0.001 0.003
WyeBantcade 0.0'J 0.07 0.03 -0.01 0.40 -0.002 -0.0006
HimfordTownsite 0.06 0.01 0.02 -0.03 .0.19 0.0006 0.005
200 RNC 0.09 0.20 0.75 3.1 1.2 0.005 0.002
200 EastHill 0.03 0.02 0.17 0.30 1.2 0.02 0.006
Bastof 200 West -0.04 0.08 0.08 O.17 0.56 0.001 0.008

Off.dte:
Farm -0.02 0.06 0.21 0.22 0.46 -0.002 0.004

Byer's_ .0.03 0 .0.23 -0.006 1.0 0.02 0.01
Sqemoor From 0.08 0.03 -0.03 0.20 0.34 0.000:3 0.003
TaylorPlats#1 4).03 0.07 0.14 0.14 0.33 .0.0002 0.001
TaylorFlats#2 0.21 0.03 0.23 0.09 0.59 0.02 0.001
WestEnd-Firlid .0.03 0.32 -0.10 0.09 0.30 0.001 0.002
IUnllold -0.07 0.06 0.18 O.19 0.70 -0.001 0.002
BergRanch 0.07 0.03 0.16 0.01 0.26 0.002 0.002
BentonCity 0,25 0.46 0.20 0.42 0.81 0.02 0.002
Sunnysi_ -0.01 0.11 0.06 0.16 1.2 0.008 0.002

limit O.14 0.03 0.34 O.16 0.76 0.006 0.006
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Vegetation RadlonucHde Contamination Overview
for Hanford and Vicinity 1980

MediaSampled

" RoutineveseUaionum?linj was p_ommt at locatiomwithintheF/anfordrmervationandat
sites nearto anddistantto itsperimeter.Themostbroadlydistributedtype of vegetationfoundon-
aimis thesNpbrush/clwtllms/blmtrus conmnmky(PNL-3728,p. 2; PNb.3729, p. 4). Perennial
v_ samplmwerecolloid fromsevenon-siwlocationsandfourum _r anddistant
locationsdurinj 1980. Samplesof rabbitbmsh,sal_rush, and/orbitterbrushworecollectedin
propontomdtm:tlyrelatedto thek relativeabundanceon thecollectionsite (i.e., if the site was
30_ mbbRbmsh,70_ sa_, thesamplewouldbe¢on_risedofthoseproportiomXPNL-3729,
p. 30; PNL-3728,p. 29). Smnpleswereanalyzedfor pnam-emtUin8 rad!onuclldestrain88thrum
speetremetry;mdiochemi_ techniqueswereused for Sr-90mmlyses(PNL-3728,p. 22).
Radlom_ldesamlyzedincludedK-40, totaluranium,Co-60, $r-90, Zr/Nb-gS,Cs-137, Ceq44,
Pu-2KS,andPu-289,240(PN1_3729,p. 31; PNL.3728,p. 31).

Fruitandleafyvegetablesamplmwere collectedfrom farms in the vicinityofanddistanttothe
Hmdbrdsite. Le_ vepublm, includinjspinach,leaf lettuce,turnip8man, andmmard greens,
wereobtained_ the li_'owinjseason(PNL-3728,p. 22). Fruitmnples includedchmHes,plums,
Ira,n, 8rspm,apples,and_ (PNL-3728,p. 23). All sampleswereanalyml by Ilanuna,p_-
mmm_ for ipuma-mdll_ radiom_lidmusin8a 9 inchby 9 inchNaI(TI)well detector. Radio- _ , •
clmnicaltechniqueswere usedfor Sr-90analyses(PNL-3728,p. 22, B.1). Onlyedibleportionsof
thefruitsandvegmblm woreanalyzed(PNI_3728,p. 22). Fruitsampleswereanalyzedfor K-40
andCs-137, andleafyvegmbles woreanalyzedfor K-40, St-90, andCs-137(PNL-3728,p. 23).

SampiinllLocations

Nativeperennialvegetationsampleswerecollectedonceduringi980 in latemnu_r
(PNL-3728,p. 29). SamplinglocationsincludedRiverview,Byer'sLandhls,Sasemoor,Taylor
Flats#1, TaylorFlats#2, westendof FirRoad,Rinsold,BergRanch,Wshluke#2, Yakima
Barricade,ALE,BentonCity, Sunnyside,ProsserBarricade,200 ENC, 200 EastHill, eastof

• 200 WestArea,northeastof FFrF, southeastof FFTF, WyeBarricade,andHartfordTownsite
(PNI_3728,p. 31; PNIr3729, p. 31).

Fruitsampleswerecollectedfromthe SallemoorvicinityandStnmystde(PNL-3728,p. 23).
4t

Samplesof leafyvegetableswerecollectedfromRiverview,Sagemoorvicinity,Rinsold,Benton
City, Othello,MosesLake,WallaWalla,andStumyside(PNL-3728,p. 23).
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Slllnfflamt Events/EmissionsQuantities

An mnospha'i¢nu_eartest on October16, 1980, by thePeople'sRepublicof Chinacaused
_ bernlevelsof aunoq_lu_cpm_culm (PNL-3729,p. v, 17;PNL.3728,p. 19).

TheN _, whichutillmda clc_J primaryc_olin8 loop, wasthe onlyrmnal_nliplutonium-
px,oduet_ _ tnopinion durinll1980(PNL..3728,p. 1;PNL-3729,p. 1). This reactoralso
mppliEImmmfor t_riqml povmt8mmmion_NL-3728, p. 2; PNL-3729,p. 3). The N _or
was shutdownduringtimminim of Junethrou_ Decemberduoto a Hanford-wl_labordispute
(PNL-3728,p. 2; PNL-3729,p. 3).

No dlsltu__le dl.q_ee wm detectedbetweenahbomeradlouuclicleconcenu_om tn
mmq_ col!ec_ nearto anddimm to the Hantbrdsite (PNI_3728,p. v).

Two aeetdwmlmlmmmof mdio_ive airbornecomumlnanmoccurredto the aunmphere durtnli
1980(PNIr3729, p. 49).

Therewere Rvm unplannedrelm_ involvinllradioactiveliquidwastesduring1980
(PNL-3729,p. 50).

Therewm,e threeunplannedo_urnm_ involvinll_miamlnawdwild wastesduring1980
(PN3729,p.Sl).

RadloiodinewasnotdetectedIn air mumplucollecteddurin81980(PNL-3729,p. v).

Radloamiveuranium,plutonium,andstromimn,pmemlallyusoctateclwith llanfordoperations,
werefoundin_om withintherxnileattributedto naturalvariabilityor worldwidefallout
(PNL.3728,p. 29).

Meuured/Reported

AnalyUcaimmlU were reportedin tableform in units of pCi/8 (PNL-3728,p. 23,31;
PNL-3729,p. 31). Re_tJ werealsopresentedin the form of los-nommlprobabilityplots
(PNI3728,p.24).

Low concentrationsof Sr-90 andC.s-137otmervedin leafyvesmtblesampleswereattributableto
worldwidefallout(PNL-3728,p.22).

An_ysis of vegetablesamplesfromRiverviewfarms,whichirrigateusingColumbia Riverwater
thathaspassedtheHtnfordsite, indicatedthattherewere noobservableimpactsfromcurrentor past
Hartfordoperations(PNL-3728,p. 19).

J
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Avmllle _m:mmm_om of radionuclidu otm_ed in fruit mm,4plmdurtnll 1980 (Mqi.,-3728,
p. 23):

(C4zn_mtntflomIn _ of pCl/8, wet welllz0

sal mor:
Clmrflm 2.2 ± 0.09 0.01 :t:0.007

• _ 0.77 ± 0.09 -0.004 ± 0.007
Pe_ 0.77 ± 0.11 -0.005 :t:0.009

1.4 4, 0.07 0.001 ± 0.006
Applm 5.0 ± 0.31 0.01 ± 0.02

Sumlde:
1.4 ± 0.24 0.006 ± 0.02

Petm 0.62 ± 0.12 0.01 ± 0.01
1.2 ± 0.10 0.005 ± 0.009

Pmcl_ 1.1 ± 0.11 -0.004 ± 0.01
Applm 0.89 ± 0.12 0.008 ± 0.01
Orl{_ 1.5 ± 0.08 0.02 ± 0.007
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Coummtmiomof mdimmclidaJc4mm'vedin leafyvesemble.mnplm(PN1_3728,p. 23):

(C_mmtom in _ of pCi/8,wet welsht)

__MmL _JKIn...

$.9±0.$? 3.0±0.17 3.4±0.91
• qlemo_ 1.1:t:0.15
_Jd 2S±O._
mareCt_y 1.s:t:o.14 o.s3:t:o._3 _.o:t:1.4
Othdlo 3.7::1:0.22 3.5:1:0.i7 3.6::1:0.34,
Momm lake 1.7:1:0.20
Wdl8 Walht 1.3:1:0.13
8um_kk 1.3_0.18

Min..... ,L Ave,..........
l_m_v 0.09:t:0.04 0.05:1:0.03 0.07±0.0_
_r

o.oe:l:o.o3
BeatoaCity 0.01:1:0.03 0.001:1:0.04 0.006:1:0.04
(tlmllo 0.06:1:0.04 0.03±0.03 0.04±0.06
MoemLadm 0.14:j:0.007
WallsWalk 0.0±0.03
_tde O.04:l:O.O'J

_]dr.lltm_ cs.1;z7 ,,,
_,su,._ .._..t,,u,_
0.02:1:0.01 -0.02:1:0.05 0.007±0.05

0.001:i:O.Ol
113npkl 0.14:1:0.08
BentonCity 0.004:1:0.01 ..0.00t:l:0.01 0:1:0.02
Othello 0.0005:1:0.02 -0.009:1:0.01 0.004:1:0.02
Moem Lakm 0.02:1:0.02
WIlLsWalk 0.007:1:0.01
Sun_side 0.004±0.02
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i

_comlnStom of rtdlommllde0obeervedin on4tte Velletttlon_le8 (P_.,-Y729,p. 3l):

(Comemom inVniwoftJ/8, dr+,welsht.)

_K 0.03 4. _17 O.Mi 0.01 .0.01 4.0.17 0..574.033 0.2tl 4.0.79 0.01 4. 0.01
M01IIt Ht -0.W 4. 0.11 01IS4.0.01 0.0/:k O.M 0.08 4:0.12 .0.03 4'0.54 0.0374.0.003 0.06 4. 0.001 0.00_4.0.01
& olMOW. 0.17 _t 030 _06 4.0.01 _.03 i 0.14 _.01 _k0.1J .0.12 :k0.14 0.004± 0.0i

! l NlelPPTP _01 4. 0.12 0.03 4.0.01 0.00014. 0.N 0,11 4.0.15 0.43 t 0.M 0.01 4, 0.0l
Sl _+_ _03 4:0.23 0.11 _ 0.03 0.11 i 0.39 0.01 _ 033 ,0.33 4. 1.2 0,01 _ 0,01

_ 0.W 4, 0.16 0.03 4.0.01 +.0M 4. 0._ 0.03 4. 0.15 0.21 4.0.10 0.0024. 0.0001 0._4.0.0007 0,034.0.01
HIIIMIbl 0.M 4. 0.12 0.12 4.0.01 0,_ 4. 0.11 0,32 i 0.15 +.01 4.0,_7 ' 0.01 i 0.10

Coamlmdam of __ olmrved in velmltoa samplescoliecledin theHartfordvicinity
(PNI.,-$728.p. 31):

inu.l. ofpCJ/8,drywet.)

u"_t3.4 _ _ _ o.m o.1, .o.m o.,0.MI 4. 0.01 0.01 4. 0.01 + 4.
k'J d 30 4. 6.6 0,03 4. 0.02 0.01 4. 0,01 0.01 4. 0.31 0.11 4.0.M +.i4 4. 0.81

17 :It:$.4 0.003 4. 0.01 0.M 4. 0.01 0,01 4. 0.16 .,0.034.0.01 ,0.1l 4. 0.47
__iI a0 .i,,J3 0.07 4. 0.03 0.014.0.0! 0.03 4. 0_I 0.014.0.15 .0.30:1:0.11 0.001 4. 0.001 0,014.0.031
_lql_ 14:1:4,3 0,114.0.01 0.034.0.03 .0.034.11:033 0._4.0.17 0.104.0.73
W. IldPk N I?_$J 0.03t 4. 0.01 0.044.0.31 .0.034.1:0.11 -O.M4. O.N O,M:1:0.001 0.09:1:0.039

144. 4.6 0.03 4.0.01 0.04 4. 0.01 0.01 :It:O.U OJl 4.0.17 0.03 4. 0.77
_ 154. 4.45 0.0M 4.0.01 0.M 4. 0.01 0.14 :It:0.26 0.01 4.0.14 0.49 :k0.80

_i_ IS 4. 4.1 0,0M 4.0.01 0.03 4. 0.01 0.0M 4. 0.41 _.M 4.0.1| _._ 4. 0._ 0.031 4. 0.001 0.03 _ 0.001
Yddlm L lJ 4. 4.9 0.01 4.0.01 0.07 4. 0.01 _0.M4, 0.26 0.II _ 0.17 0.ij 4. 0.74

1! 4. 3.4 0.07 4.0.W 0.M 4. 0.01 .0.02 4. 0.18 0.03 4.0.11 0.10 ± 0.$4 0.02 _ 0.004 0.15 ± 0.01
_C_ 174. $.0 0,03 4.0.02 0.01 4. 0.01 _.12 ,k 0.33 _.01 _ 0,18 _.003 4. 1.0 0.01 _ 0.001 0.!0 4. 0.0i

154. ,tJ 0.M 4.0.01 0._ 4. 0.01 0.03 :k0.321 0.03 4.0.14 .0.MI4.0.71
Pmll_ IL 194.4.2 0.014.0.01 O.W:k0.01 0.12 :k0.21 0.01:1:0.11 -0.14 4. O.M
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1981

Vegetation Radionuclide Contamination Overview
for Hanford and Vicinity 1981

9

Media Sampled

_ b Routine vegetation samplin8 was performedat locations within the Hanford reservationand near
to anddistant to its perinmer. The most broadlydistributedtype of vegetation found on-site comists
of the sasebmsh/cheatgrms/bluegrass conummity (PNI_212, p. 3; PNL-4211, p. 3). Samples of
perennialshrubs (rabbitbnmh,sagebrush, andbitterbrush)were selected from undisturbed,unirrigated
locations and collected in proportiom relative to their naturalabundanceat each smnpling location
(PNI_211, p. 35; PN'I_212, p. 32). Vegeta-_onsamples were collected by cutting a small amount
of the new growth from each plant in the areato make up a 1 kg sample, drying and grinding the
sample, and takingaliquots for analysis (PNL4211, p. 35). Samples were analyzed for gamma-
emitting radionaclides (Zr/Nb-95, Ru-106, Cs-137, Ce-144, andCo-60), Sr-90, Pu, and U
(PNL,4212, p. 32, 33; PNL-4211, p. 38). The gamma-emittingradionuclideanalysis was conducted
with the use of a 9 inch by 9 inch NaI(TI)well detector (PNI.4212, p. A.2).

Green leafy vegetables, such as spinach, leaf lettuce, turnipgreens, and mustardgreens, were
obtainedduring the growing season from sites near to anddistantfrom the Hanfordsite. Samples
were composed of randommixmrm of the edible portions (PNt_21 I, p. 26). Leafy vesetable
samples were analyzed for Sr-90 and Cs-137 (P_211, p. 27).

Fruit samples, includingcherries, plums, peaches, pears, grapes, and apples, were collected at
their respective pickin8 times andanalyzed for Cs-137 (PNL-4211, p. 27).

A special study was conductedto assess the environmentalimpactof Hartfordoperatiom by
utilizin8 C-14 analysis on sasebrush. Ten maturesagebrushplantswere collected at each of three
samplin8sites by severin8 the plant at ground level. A section of the main stem was then takento
the laboratoryandcross-sectious of the stems (2.5 cm thick) were cut with a bandsaw. Annualrings
were then preciseLyseparatedusing a sharp knife, and 10.gram samples of the dried wood were
analyzed by the U.S. Testing Company, Inc., Richland, Washington, using a benzene synthesizer
(PNL-3766, p. 3).

Sampling tious

Native perennial vegetation samples were collected duringthe summer months from both on-site
, andoff-site locations (PNI_211, p. 35). Locations includ_ Riverview, Byer's Landing, Sagemoor,

TaylorHats #1, Taylor Flats #2, west end of Fir Road, Ringold, Prosser Barricade, ALE, Benton
City, Berg Ranch, Wahluke#2, Yakima Barricade,Sunnyside, 200 ENC, 200 East Hill, erdt of
200 West, northeastof FFYF, southeast of FFI'F, Wye Barricade,and Hanfordtownsite (PNL-4212,
p. 33; PHI.4211, p. 38).
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1981

Fruit samples were collected from a downwind location near the Hanford site bomulary and a
distant upwind location (PNI_211, p. 27).

Samples of leafy vegetables were collected from Riverview, Benton City, the Sagemoor vicinity,
Ringold, Othello, Moses Lake, Umatilla, Walla Walla, and Smmyside (PNL-4211, p. 26, 27).

Sasebrush sm_Im collected as partof the special C-14 study were collected from the
WashingtonState Plant IntroductionStationnear Moxee City (approximately60 km west (upwind)of J
the Hanford200 Areas); 7 km south of Highway 240 on Horn Road near Benton City and approxi-
mately 26 km southeast(downwind) of the Hanford200 Areas; and approximately0.5 km east of the
Purex fuel reprocemin8facility's 90 m tall exhaust stack in the 200 E Area (PNL-3766, p. 3).

Significant Events/Emission Quantifies

The N ReacWr, which utilized a closed primarycooling loop, was the only remaining plutonium-
prcghtctionreag_r in operationdurin8 1981. This reactor also supplied steam for electrical power
generation(P_211, p. 4; P_212, p. 5,6).

Levels of airborneradioactivity in the Hanford areawere greaterin 1981 as a result of nuclear
fallout from a foreign atmospheric nucleartest conductedin late 1980 (PNL4212, p. v). The
max_nnumatmosphericconcentrationswere observed in the spring months (PNL-4212, p. I0).

Radioiodinewas not identified in any air smile during 1981 (PNL-4212, p. v, 10).

There were five ummualo_urrengm involving liquid wastes in 1981(PNL-4212, p. 48).

Six unplannedoccurrences involving contaminatedsolid wastes occurred during 1981
(P_212, p. 49).

Observed radiom_lide concentrationswere, in every case, below all applicableconcentration
guides andradiationdose standards(PNI_21 I, p. v).

There was no distinguishabledifference between airborne _adionuclideconcentrationsin samples
collected near to and distant from the Hanfordsite (PNL-4211, p. v).

Low concentratiotmof fallout radionuclideswere observed in foodstuff and vegetation samples,
clueto worldwide ammspheric nucleartestinS. There was no indicationof a Hanfordcontributionto
radiomglide levels in vegetation and foodstuffs (PNI_211, p. v). Non-fallout radionuclides observed
were similar to those of previous years and there was no geographical patternfound (PNL-4211,
p. 37).
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1981

Constituents Measured/Reported

Analytical results were reportedin table form in units of pCi/g (PNL-4211, p. 27, 38;
PNL-4212, p. 33). Results of C-14 testing were presentedas dpm/g of carbon (PNL-3766, p. 6).

No Cs-137 was detected in fruit samples collected from both upwind anddownwind of Hanford
operations(PNL-4211, p. 27).

I,

Pruits do not accumulate airbornersdionuclides as efficiently as leafy vegetables (PNL-4211,
p. 2?).

Com:entrafionsof radionuclidesobserved in leafy vegetable samples (PNL-4211, p. 27):

Concentrationsin unitsof pCi/g, wet weight)

Sr-9O  -137
Ayernle Maximum Aver__e

Riverview 0.05 ± 0.01 0.02 _ 0.03 0.06 ± 0.03 0.008 ± 0.037
Sapmoor not analyzed -0.006± 0.02
F,_ngold 0.006 ± 0.003 -0.007 ± 0.02
Benton City 0.013 ± 0.001 0.01 ± 0.001 < detectable -0.002 ± 0.016
Othe_,_o 0.005 ± 0.00 -0.007 ± 0.02
Moses;,ake 0.007± 0.0009 -0.01± 0.02
Umatilla 0.01 ± 0.001 -0.005 ± 0.01
Walla Walla 0.02 ± 0.001 -0.009± 0.02
Smmyside 0.001 ± 0.001 -0.004 ± 0.02

Concentrationsof radionuclidesobserved in on-site vege_,fion samples (PNL-4212, p. 33):

(Concentrationsin units of pCi/g, dry weight)

co4o s,._ z,ne,-_ c..137 c+,t44 m,-231 P,,._9.7,4o _-_,z

200mc .0.0z,0.02 0.u,0.002 o.s_±o.m o.11±o.e_o.so±o.n .0.OOOT±O.OOmo.oos±o.oomo.os±o.om
200 tst Hill .0.004 ± 0.02 0.07 ± 0.005 0.$2 4- 0.07 0.02 d: 0.02 0.62 4- 0.13 0.002 4- 0.001 0.004 4. 0.00l 0.008 4- 0.003
lkst_)0Wmt -0.0024.0.02 0.094.0.005 0.904.0.07 0.054-0.02 1.14.0.12 -0.00074.0.0006 0.0034.0.001 0.014.0.004
NB of PPTF O.0W 4. 0.01 0.04 4. 0.004 0.89 4. 0.04 0.04 $: 0.01 0.L$ 4. 0.07 -0.0005 4. 0.000_ 0.001 4. 0.0007 0.02 4. 0.006
$1ofpFrp 0.01:1:0.02 0.044.0.005 1.14.0.0B 0.02+0.02 1.1±0.11 .0.00074-0.0003 0.0014.0.0006 0.0084.0.003
Wye Bsnim_ -0.02 4. 0.01 0,05 4. 0.006 0.90 4. 0.05 0.0S 4- 0.02 1.0 4. 0.09 .0.0006 4. 0.0003 0.003 :E 0.0007 0.01 4. 0.004
HmffoMT8 -0.0044.0.02 0.06+0.003 0.704-0.07 0.034.0.02 0.624.0.12 -0.00054.0.0003 0.0024.0.0006 0.0024.0.003

4
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Concentrationsof radionuclidesobserved in perennialvegetation samples (PNL-4211, p. 38):

(Concentrationsin units of pCi/g, dry weight

_, St-90 _ Ru-108 Cs-137 Ce-l_ _u-238 Pu-239.240
Ib'vetview 0.0S 4, 0.000 0.484,0.08 0.074,0.13 0.00-t-0.02 0.56:1:0.11 -0.00064"0.0005 0.0024"0.0009 0.02 4. 0.008

l_er's Lsndiq 0.00 4. 0.004 0.$2 4. 0.08 0.34 4, 0.18 -0.006 4, 0.00 0.61 4, 0.14 -0.0005 4, 0.0004 0.0006 4. 0.0004 0.02 4. 0.008
• qlmmor O.Q34, 0.004 0.41 4, 0.07 0.16 4, 0.16 0.00 4, 0.02 0.52 4. 0.13 -0.0009 4, 0.0004 0.002 4, 0.0009 0.02 4. 0.008
TtylorPlm#l 0.034,0.0000.$94,0.07 0.294,0.17 0.024,0.02 0.714,0.14 -0.00007 :1:0.0005 0.0024,0.0006 0.204.0.07 ,e
Tqlor Flsa 12 0.00 4. 0.003 0.66 4, 0.06 0.30 4, 0.11 0.05 4. 0.02 0.00 4. 0.10 -0.0005 4, 0.0004 0.002 4, 0.0006 0.00 4. 0.01
W. lad Fir ltd. 0.06 4, 0.007 0.84 ± 0.07 0.22 4, 0.13 0.00 4, 0.02 1.2 4, 0.12 0.0007 4, 0.0006 0.002 4, 0.0007 0.02 4. 0.007

Nasold 0.10 4, 0.01 0.72 4, 0.07 0.20 4, 0.16 -0.010 4, 0.02 0.97 4. 0.13 -0.001 4, 0.0007 0.001 4- 0.0009 0.04 4. 0.01
Presser B. 0.06 4, 0.005 0.84 4, 0.09 0.20 4, 0.18 0.08 4, 0.00 0.97 4. 0.16 0.0001 4, 0.001 0.004 4. 0.001 0.006 4. 0.003
ALB 0.004,0.0050.774,0.08 0.494,0.18 0.044,0.00 0.964-0.14 -0.000084,0.0008 O.0014.0.0008 0.0074.0.002
BsntoaCiq 0.04 4, 0.000 0.63 4- 0.07 0.4.5 4, 0.17 0.00 4, 0.02 0.63 4, 0.13 -0.0002 4, 0.0005 0.002 4, 0.0007 0.009 4. 0.003
lkwsRsach 0.004,0.003 0.504,0.07 0.114,0.16 .0.044.0.00 0.564.0.13 -0.00064,0.0004 0.0034,0.0008 0.014.0.005
Wshlukel2 0.004,0.000 0.394,0.06 0.044,0.14 4).0004,0.02 0.244.0.11 -0.00044,0.0004 0.0014,0.0005 0.024.0.006
Ysldma B. 0.06 4, 0.005 0.54 4, 0.06 0.22 4. 0.13 0.00 4, 0.02 0.62 4. 0.11 0.0006 4, 0.0008 0.002 4, 0.0008 0.12 4. 0.04
Sunayside 0.19 4, 0.02 0.37 4, 0.06 0.14 4, 0.13 0.00 4. 0.02 0.47 4. 0.11 .0.0007 4. 0.0004 0.003 4, 0.0008 0.01 4. 0.005

lte_ts of the special survey which analyzed the C-14 content in woody sagebrushstemsindicated
thatconcentrationsdid not significantly increase for any time period at off-site locations during the
operat|on of Hanford fuel reprocessin8 facilities (PNL-3766, p. iii).

Samples from the post-nuclear time period showed a 30% increase in C-14 contentover pre-1944
•" samples, primarily due to worldwide fallout from nuclear weapons testing (PNL-3766, p. iii).

Ring samples from Hanford for the 1956-1972 time period containedgreaterquantities of C-14 than
any other sample period or location (PNI,-3766, p. 5).

Smnples from on-site near the PUREX facility indicated C-14 content was four times greaterthan
normal(PNI,-3766, p. iii).

Content of C-14 found in sagebrushstems (PILL-3766,p. 6):

(dpm/$of carbon)

Location Pre-1944 1944-1978 1944-1972 _ 1946-1955 1956-|972 1973-197_)

Moxee,WA 13.2 (9.4%) 17.8 (15%)

BentonC_ty,WA 13.3 (3.9%) 16.6 (13_) 18.0 (5.6_)
_orn load)

H_mford,WA
;t

(PUREXPlant) 13.6 (1891) 12.7 (24%) 67.2 (20%) 17.2 (32%)
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Vegetation RadionucHde Contamination Overview
for Hanford and Vicinity 1982

q

Media Sampled

Routine vegetation sampling was performedat locations within the Hanford reservationand near
to anddistant to its perimeter. The most broadlydistributedtype of vegetation found on-site consists
of the sasebrush/cheatgrass/bluegrass community(PNL-4658, p. 3). Vegetationsamples includeda
mixture of sagebrush, bitterbrush,and rabbitbrush,collected in proportionto their naturalrelative
abundanceat each sampling location (PNL.4657, p. 37; PNL-4658, p. 34). Samples were collected
from undisturbed,non-irrigatedlocations (PNL-4657, p. 37). Vegetationsamples were collected by
cutting a small amountof recent growth from a sufficient numberof plants in the areato makeup a
1 k8 sample. This was then dried andground, and aliquots were taken for analysis (PNL-4657,
p. 37). Samples were analyzed for Cs-137, St-90, Pu, and U (PNL-4657, p. 37; PNL-4658, p. 36)
and Co-60, Eu-154, and Am-241 (PNL-4658, p. 36). Gamma-emittingradionuclideswere deter-
mined by a direct count on a Ge(Li) detectorwith a multichannel pulse-height analyzer (PNL-4658,
p.A.2). The majority of the samples were analyzed for radionuclidecontaminationby the United
States Testing Company, Inc., Richland, Wmhington (PNL-4657, p. 1).

Green leafy vegetables, such as spinach, leaf lettuce, turnipgreens, andmustardgreens were
obtainedduring the summer from gardens within the sampling areas (PI_-4657, p. 25). Three
replicatesmnples, each composed of mixtures of the edible portions, were obtainedand analyzed for
Sr-90 and Cs-137 (P1_-4657, p. 25).

Fniit samples, includin8 apples, cherries, and grapes, were collected duringtheir respective
picking times, andanalyzed for H-3, Sr-90, and Cs-137. Three replicatesamples were collected from
each location, and only the edible portions were analyzed (PNL,4657, p. 25).

Three replicate smnplesof field-dried wheat and alfalfa were collected following the final cutting
of the growing season, and analyzed for St-90 and Cs-137 (PILL-4657,p. 26).

A specialstudy was conducted to estimate the concentratiomof uraniumand other heavy metals
in soil and vegetation samples collected across the Columbia River from the 300 Area due to wind
tramport (PNLe4466, p. 2). Vegetationat each of the smnpling sites consisted of rabbitbrushand
sagebrush, with the exception of Riverview and YakimaBarricade,which was comprised exclusively
of sasebrush (PNL.4466, p. 6). Vegetationsamples consisted of approximately 100 g of recent
growth cut from sagebrushor rabbitbrushshrubs, in direct proportionto their occurrenceon the site.

•, Samples were dried at 60°C andground, and aliquots for uraniumand heavy metal analyses, 5 8 and
1 g, respectively, were taken. Fluorometric and atomic absorptionmethods were used in the analyses
(PNL _466,p. 9).
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Sampling flons

Native perennialvegetation samples were collected from both on-site and off-site locations.
e'Sites included Rtverview, By r s Landing, Sagemoor, Taylor Flats #2, west end of Fir Road,

Ringold, Berg Ranch, Wahluke#2, Vemita Bridge, YakinmBarricade,RattlesnakeSprings, ALE,
Pmuer Barricade,south of the 300 Area, Benton City, Sunnyside, 1 mile northeast of N Area, 1 mile
east of N Area, 100-Area Fire Station, 200 ENC, 1.25 mile east of Purex, 200-East Hill, 2 miles J

south of Purex, 3 miles south-southwest of Purex, east of 200 W, 2 miles south of 200 W, northeast
of FFTF, southeast of FFTF, notch of 300 Area, Hanfordtownsite, andWye Barricade(PNL4658,
p. 36; PNL46ST, p. 40).

Fruit samples were collected from the Sagemoor, Cold Creek, and Sunnyside areas (PNL-4657,
p. 28).

Samples of leafy vegetables were collected from the WahlukeEast Area, Sagemoor Area,
Riverview Area, Benton City Area, Sunnyside Area, andMoses Lake Area (PNL-4657, p. 28).

Wheat and alfalfa samples were collected from the Sagemoor, WahlukeEast, Benton City,
Sunnyside, andMoses Lake Areas (P_57, p. 29).

Vegetation munplescollected as partof the special uraniumandheavy metals survey were
collected from the areadimly across the Columbia River from the 300 Areas, a site near the Exxon
Facility, Rivet'view, ProaserBarricade,Yakima Barricade, and Sunnyside (PNL-4466, p. 3, 6).

StgnlfleantEvents/EmissionQuantifies

The N Reactor, which utilized a closed primarycooling loop, was the only remainingplutonium-
pt_Muctionreactor in operationduring 1982. This reactoralso supplied steam for electrical power
generation(PNL-4657, p. 4; PNL-4658, p. 5, 6).

• Iodine-131 was not identified in any air sample during 1982 (PNL-4658, p. v).

Most foodstuff samples were found to containlow-levels of fallout radionuclides, but there was
no indicationthat the radioactivitypresent was associated with Hartfordoperations (PNL-4657, p. v).

Radionuclideconcentrations in vegetation were similar to those of previous years, except for the
lack of short-lived fallout radionuclides. No geographical patternswere apparentand any I-lanford
contributionto radionuclideconcentrationson vegetation was negligible comparedto contributions
from world-wide sources (PNL-4657, p. 39). '_

There were four unplannedairbornereleases in 1982 (PNL-4658, p. 52).
!

There were five unplannedoccurrences involving liquid wastes in 1982 (PNL-4658, p. 53).
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Constituents Measuredeported

Analytical results were reportedin table form in units of pCi/g (PNL-4657, p. 28, 29, 40;
. PNL-4658, p. 36; PNL-4466, p. 28).

There was no distinct difference In radtcnuclldeconcentrationsapparentin samples of alfalfa and
wheatcollected from near the site comparedtothosecollected from distant locations (PNL-4657,tb
p. 27).

Cesium-137 was generally not detectablein any of the fruit samples collecied (PNL-4657,
p. 26).

Concentrationsof radionuclidesobserved in leafy vegetable samples UPNL-4657,28):

(Units of pCi/g, wet weight)

Location S-90 Cs-137
Maximum Averue Maximum ,_verue

WahhlkeEast Area 0.009 + 0.003 0.007.4- 0.003 0.10 ± 0.05 0.07 + 0.05
SagmnoorArea 0.007 + 0.002 0.005 ± 0.004 0.05 4- 0.04 0.03 + 0.04
Riverview Area 0.021 ± 0.003 .005 + 0.007 0.03 + 0.02 0.02 + 0.02
Benton City Area 0.007 :t:0,001 0.007 + 0.003 < DL(a) <0.02
Sunnyslde Area 0.003 ± 0.0006 0.003 ± 0.0008 0.10 ± 0.03 0.03 ± 0.09 .
Moses Lake Area 0.019 ± 0.002 0.011 + 0.010 0.09 + 0.04 0.03 ± 0.09

(a) DL = detectionlimit.
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Concentrationsof radionuclidesobserved in fruit samples (PNL-4657, p. 2):

(Concentrationsin Units of pCi/g, wet weight)

Fruit/Izeation Cs-137 _;r.90 H.3

SasemoorArea <DL(a) <0.008 <DL <0.001 500d:310 350+-290
Cold CreekArea <DL <0.008 0.003+.0.001 0.0005+.0.004 340±140 250+.180
SmmysideArea <DL <0.007 0.004+.0.001 0.003+.0.002 <DL <350
Clmvlm
SagemoorArea 0.025+.0.017 -0.002+.0.037 0.002+0.0004 0.001+.0.0005 200+.160 190+.110
SumlylddeArea <DL <0.017 0.001+0.0004 -0.0006+.0.004 470±140 420+.110
GraiNs
SagemoorArea <DL <0.006 0.005:t:0.003 0.004:1:0.002 390+.260 270:1:180
ColdCreekArea <DL 0.005 510+.280 280+.290
StmnyskleArea <DL 0.005 <DL <0.007 480+260 420+.160

ii J. M

(It) DL = detectionlimit.
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RMiotmciideconcentrationsobserved in wheat andalfalfa samples (PNL-4657, p. 29):

(Concentrationsin Units of pCi/g, wet weight)

4 Sr-gO _..... Cs-137 ,,

Wheat
WahlukeEastArea 0.005±0.004 0.004±0.002 <DL(a) <0.016
5tgemoorArea 0.008±0.002 0.008±0.002 <DL <0.014
BentonCityArea 0.006±0.002 0.005±0.002 0.007±0.004 0.0007±0.01
_hmnysideArea 0.018±0.011 0.011±0.009 0.005-1,0.005 0.004±0.007
MosesIJke Area 0.006±0.003 0.004±0.002 0.0124,0.011 0.008±0.009

Alfalfa
WahlukeEastArea 0.014±0.002 0.009+0.008 <DL <0.03
SqlenmorArea 0.16±0.013 0.12±0.04 0.214-0.13 0.15±0.14
BentonCityArea 0.10±0.01 0.097±0.013 0.016±0.011 0.010±0.014
SmmysideArea 0.032±0.004 0.029±0.005 0.019±0.014 0.005±0.030
MosesLakeArea 0.038±0.007 0.032±0.011 0.026±0.023 0.022±0.035

i

(at) DL ,- detectionlevel. "

ltedionucllclecow.entrattom observed in vegetation san_les (PNL-4657, p. 40):
(Concentrationsin units of pCl/g, dry weight)

_on Sr.pO Cs-_37 Pu-239.240 . V

Riverview 0.01 ± 0.002 < 0.03 < 0.0007 0.02 ± 0.006
Byer's Landing 0.008 + 0.002 0.08 + 0.06 <0.0008 0.04 + 0.01
Sagemoor 0.01 + 0.004 0.05 ± 0.03 <0.0004 0.02 ± 0.006
Taylor Flats #2 0.06 ± 0.003 < 0.04 < 0.0004 0.03 + 0.009
W. End Fir P,d. 0.05 + 0.005 . <0.04 <0.0009 0.03 + 0.01
Ringold <0.019 <0.08 <0.0004 0.03 + 0.01
Berg Ranch 0.04 ± 0.002 0.05 + 0.04 < 0.0004 < 0.06
Wahlui_ #2 0.01 ± 0.004 <0.07 0.003 + 0.0008 0.01 ± 0.005
Vemita Bridge 0.03 ± 0.003 0.09.4- 0.03 0.002 ± 0.0009 0.01 ± 0.005
YakimaBarricade 0.05 ± 0.01 <0.02 0,002 ± 0.001 0.01 ± 0.003
RattlesnakeSprings 0.024 ± 0.004 0.03 ± 0.02 0.0004 ± 0.0003 0.004 4- 0.001
ALE 0.05 ± 0.005 0.03 ± 0.02 <0.0006 0.008 ± 0.003

. Prosser Barricade 0.05 ± 0.02 < 0.02 < 0.0005 0.01 ± 0.003
S. of 300 Area 0.03 ± 0.004 0.02 ± 0.01 0.001 ± 0.0007 0.006 ± 0.002
i_-nton City 0.05 ± 0.008 <0.08 0.001 ± 0.0009 0.01 ± 0.004

t Sunnyside 0.005 ± 0.003 0.04 + 0.02 0.001 ± 0.0008 0.01 ± 0.005
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wereno statisticallysignificantdifferencesbetweenthe studyareaacrosstheColumbia
Riverfromthe300 Areaandcontrolsites forcotcemrationsof uraniumandheavymetalsdetectedin
vqmtlon smnples(PNL-4466,p. 28).

The ruse of uranium(inpCl/10madheavymetals(Inppm)detectedinves_,_ionsamples J"
collectedfromthe studyarea,cross theColumbiaRiverfromthe 300 Areaandcontrolsites
(PNL-4466,p. 28):

4t

Study Area _ Conn_l Sites

lead 0.5 to 4Jppm 3.8 to S.3ppm
Silver O.19to 0.48ppm 0.23 to O.58ppm

16 to 37ppm 17 to 32ppm
Copper 7.4 to 17._ 4.5 to ll.9ppm
Uranium 0.005to 0.0_1/8 0.00Sto0.0591_i/8

Radionuclideconcent_om foundinvqmaflonsamplescollectedfromon.sitelocationsduring
tgs2 (PNL-46S8,p. 36):

(Conceatmflormin unitsof pCi/8, drywelsM)

1 _ NB otN Am <0.09 0.03:!:0.002 <0.06 0.27:1:0.13 <0.0004 0.01+0.005
i MileHof N Am 0.26:k0.09 0.05:l:0.005 0.09:k0.07 <0.19 0.0012:1:0.0010 0.02:1:0.007
I00 Aria Pl,m_ <0.011 0.05:1:0.007 <0.07 0.45:i:0.1S <0.0004 0.008:I:0.003
200 BNC <0.06 0.10:1:0.02 0.23:1:0.05 <0.18 <0.0007 <0.03 0.006:1:0.002
1.25 MileISof PURBX <0.12 0.14:i:0.009 0.37:i:0.13 0.39:1:0.34 0.0008:1:0.0007 0.03:1:0.02 0.0i:I:0.005
200 HUtHm <0.07 .03:1:0.003 0.08:I:0.05 <0.15 <0.0006 <0.03 0.006:1:0.002
2 Mlkm$ of PUR]BX <0.06 0.17:1:0.005 0.0_l,4-0.04 0.12:/:0.10 <0.0006 <0.03 0.01:h0.004
3_ &_/of PUPJBX <0.04 0,0S:I:0.003 0.0_l:k0.02 <0.09 <0,0006 <0.02 0.01+0.003
Bof 200 W_ 0.12:_.011 0.0T::I:0.00_ <0.04 <0.22 0.004_0.0008 <0.03 0.01:h0.004
2 MiltsS of 200 W <0.07 0.0S:I:0.003 <0.06 <0.18 <0.0007 <0.02 0.01 +0.003
NBoflqvrP 0.09:1:0.06 0,009:k0.002 <0.04 0.17:i:0.16 <0.001 0.002:I:0.0008
S]Bof_ <0.04 0.024,0.002 <0.02 <0.07 <0.0004 0.007:1:0.002
N of 300Am <0.08 0.0(M:I:0.001<0.05 <0.16 0.003:1:0.0007 0.01:1:0.005
$ of 300 Anm <0.03 0.03-,'0.004 0.02:1:0.01 <0.09 0.001:!:0.0007 0.006:1:0.002
HantoMTowndm <0.04 " 0,06:j::0.003 0.07:t:0.02 <0.10 0.0004,4-0.0003 0.01:i:0.002 0.0J:h0.004
WyeBarricade <0.07 0.04:1:0,008 0.07d:0.06 <0,20 <0.0008 <0.03 0.005_0,002
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Vegetation Radlonuelide Contamination Overview
for Hartford and Vclnity 1983

A

Med Smp
Rmalmvesetstionsamplin8was performedat locationswithinthe Hanfordreservationand

locstiom nearto sad distantto its peflnteter. Themmtlybroadlydistributedtypeof vegetationon the
Haufo_ site is the usebrush/chestSnm/bi_ community(PNL-S038,p. 2; PNL-S039,p. 3).
Samplesof mature_ vegetation(rabbitbmsh,sNlebrush,andbitterbmsh)werecollectedfrom
undlstud_ed,non-_ locationsin proportionsrelativeto theirnaun_ abundanceat eachsite
(PNL_S038,p. 33; PNL-S039,p. 31). Smnpleswereanalyzedfor pmma-emltttP41rsdionuclides,
St-90, Pu. andU (PNL-5039,p. 31). Radionuclideanalysesof mostumpire wereperformedby
UnitedState,Teadn8_, Inc., alehland,Washin_n; someanalyseswereperformedby
Ptcl_ NorthwestLaboratories(PNL-_J8, p. 1). Sampleswereanalyzedfor 8aroma-emitting
rtdi_ by a directcountof the sampleon a Oe(Ll)detectorwitha multichsnnelpulsehei_t
rarely'mr(PNL-MB8,p. C.2). Suendum-90concemn_onsweredeterminedusinga low-beck8round
IPmflowpmpo_onal coumer(PNL-_8, p. C.I). Plutonlmncolons weredeterminedwith
theuse of an_ sl_ctmmeter,while uraniumconcem_ous weredetmninedwitha fluorometer
(PNL-5038,p. C.1).

Smupk8of foodstuflb,in_ wheat,alfid/k,leafyvegetablesandfruits,were collectedfrom
severallocationsin thevicinityof Hanforddedn8 1983. Sampimwerecollectedprimarilyfromsites
downwindof the nmervsthm,to assoasanypotentialHanfordImpact.Samplmwere81socollected
fromupwindlocationssomewhatdistantto thesite to provideinformationon radioactivitylevelsthat
couldbe attributedto worldwidefalloutUPNL-5038,p. 22). Samplesof leafyvegetables(spinach,
leaf lettuce,turnipSmem,and mustardIpreem)wereobtainedonceduringthesummerfrom8ardem
withinthemmmplin8area. Threereplicatesamples,eachcompmedof mixturesof the edibleportions
of the vm-lousleafyvegetables8townat thesan_lin8 location,were obtainedandanalyzedfor Cs-137
andSt-90(PNL-5038,p. 22). Threereplicatesamplesof cherries,apples,or grapeswere.collected
at respectiveptckin8times st eachsan_lin8 locationandedibleportionswere analyzedfor Cs-137,
Sr-90,andH-3 (PNL-5038,p. 22). Threereplicatesamplesof wheatandalfalfawerecollectedfrom
san_lin8 locationsfollowin8the finalcuttin8of the 8rowin8seasonandanalyzedforSr-90and
Cs-137. Saraplmfor 1983werereportedon a drywelshtbasisto eliminateanyeffectdue to
moisturecontent(PNi_5038, p. 23, 24).

SamplingLocations
at

Nativeperennialvegetsttonsampleswere collectedfromlocationsto include1 mile northeastof
N Area;1 mile eastof N Area;100-AreaFire Station;200 ENC;eastof 200 E; 200 ESE;southwest
of 200-BCCribs;southof 200 E; eastod'200 W; ArmyLoop Camp;northeastof FFTF;southeastof
FFrF; northof 300 Area;southof 300 Area;HartfordTownsite;Wye Barricade;Pdverview;Byer's
Landins;Segemoor;TaylorFlats#2; westendof FirRoad;Rlngold;Ber8Ranch;Wahluke#2;
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VernitaBridse;YaktmaBarricade;RattlesnakeSprinss;ALB;ProuerBa_cade;BentonCity;and
_hmnyslde(PNL.J038,p. 35;PNL.J0_9,p. 33).

Samplesof leafy resembles were collectedFromthe Wshluke Eut, Sagmnoor,Riverview,
C_, Sunnyslde,andMoee8LakeAreas(PNL-5038,p.25). A

FruitsampleswerecollectedfromtheSasemoor,ColdCreek,andSunnysideAreas(PNL-5038,
p. 2s). ._

WheatandalMfasampleswere collectedfromtheWahlukeBast,Sasemoor,BentonCir,,
Sum_ide,MosesLake,andRiverviewAreas(PNL-5038,p, 26).

Significant Events/Emission Quantifies

The N Rmuor, wMchutilizeda closedp_ coolln8loop, was theonly plutonium-production
reactorin operationdurtnj 1981. This reactoralso supplied8teamfor electriudpowergeneration
(PNL-:5038,p. 3; PNI_S039,p. 5,6).

Leveb of airbornel_Mculste mdiosctivityin the HJmfbrdenvironswerelower in 1983thanin
1982, u worldwideftlloet levelsdeclined(PNL.5039,p. v). ."

1-131was not identifiedin anyairumple in 1983(PNL-_)39,p. v).

Lowlevelsof radionuclideswereobservedin mostfoodstuffsamplesandwas attributedto
worldwidefallout. No 8eosmphicalpatternwas observedandtherewas no indicationthatthe
congmmflonsobservedwereassociatedwiththnford opemiom 0PNL-5038,p. v, 33).

Durinll1983, therewas no ttldica_n of a detectableHanfordcontributionto nglionuclide
coaemmaflonsin off4ite v_n smnples(PNL,5038,p. 33).Trageeolgemraflonsof radionuclides
associatedwithworldwidefalloutwereobservedin 811vesetation8mnplescollectedbothupwindand
downwindof theHanfordsite 0PNL-5038,p. 33).

Constituents Measure_teported

Analyticalresultswere_rted in tableformin unitsof pCl/8 (PNL-5038,p. 2S, 26, 35;
PNL-5039,p. 33).

Foodstuff8collectedfromtheRivervtewareawere irrisatedwithColumbiaRiverwater,and
providedtnfomaflon_ radionuclideconcentrationspotentiallyattributableto Hartford *
operations(PNI,-5038,p. 22).

Appleswere foundto haveslishtly Mshertritiumcotr,entmionsthanotherfruits(PNL-5038,
p. 23).

194



__-__ _ ,..oo.,o°,o.°,or..,o..°,..,.,.°.,...°,"_ _oownu_OoO '_ "_ __

_._ _. _,_'_ _NUF_CTU_DTO_TM_T_NOO_DS_ __"
BY _PPLIED IMRGE, _



I I



1983

Cesium-137 was generally not detectable in fruit samples (PNL-5038, p. 23).

Concentrations of radionuclides observed in leafy vegetable samples (PNL-5038, p.25):

(Concentrations in'units of pCi/g, wet weight)

Loce_i0n Sr-90 CS-137
Maximum _ Average . Maximum Average

Wahluke East Area 0.004-1-0.002 0.001 +0.005 0.025:t:0.018 0.019+0.013

Sagemoor Area 0.003+0.003 0.001:1:0.003 < DL(a) 0.002+0.010
Riverview Area 0.038:1:0.004 0.031:1:0.010 0.016+0.014 0.007 +0.014

Benton City Area 0.020±0.002 0.016+0.005 <DL -0.002+0.007
Sunnyside Area 0.015:1:0.002 0.006-1-0.009 <DL 0.003-1-0.008
Moses Lake Area 0.015+0.002 0.010+0.005 <DL 0.007+0.008

(a) DL = detection level.

Concentrations of radionuclides observed in fruit samples (PNL-5038, p. 25):

Concentrations in units of pCi/g, wet weight)

Location . C_-D7 Sr-90 H-3
"" _imum Averafe Maximum _ Maximum Average

Apples
SagemoorArea < DL(a) -0.002±0.004 0.010±0.005 0.005:i:0.007 1400+ 930 970+ 760
ColdCreekArea <DL 0.003±0.005 0.005+0.002 0.004+0.002 <DL 650+530
SunnysideArea <DL 0.0008+0.006 0.006±0.0008 0.004+0.003 500+220 360+ 190
Cherries
SagemoorArea <DL 0.006:1:0.007 0.006+0.002 0.003+0.004 250+210 140+ 180
SunnysideArea <DL -0.010±0,008 0.007+0.002 0.003+0.005 <DL 668-120
Grapes
SagemoorArea <DL 0.002-1-0.003 0.010+0.002 0.009-1-0.002 350+200 170+270
ColdCreekArea <DL -0.0004+0.002 0.010+0.003 0.006:t:0.004 200+200 120+ 180
SunnysideArea <DL 0.002:1:0.004 0.008±0.002 0.004+0.007 <DL 340±320

(a) DL = detectionlevel.
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Concentrationsof radionuclidesobserved in wheat and alfalfa samples (PNL-5038, p. 26):

(Concentrations in Units of pCi/g, dry weight)

Location $r-90 ........ Cs-137
Maximum Average Maximtun Average

Wheat ._
WahlukeEast Area 0.015+0.0028 0.0097+-0.0089 0.0076+-0.0059 0.0025+0.0072
Sagemoor Area 0.015+0.0039 0.011+-0.0068 <DL -0.00066+-0.0027
Benton City Area 0.0039+-0.00071 0.0018+-0.0031 0.0080+-0.0044 0.0021 +-0.0087
SunnysideArea 0.011 +0.0025 0.0078+-0.0052 <DL -0.0033+-0.0035
Moses Lake Area 0.0099+-0.0026 0.0093+0.0019 <DL 0.00135:0.0034
Riverview Area 0.016+-0.0021 0.012+-0.0064 <DL 0.00024+-0.00026
Alfalfa
WahlukeEast Area 0.11 +-0.0047 0.066+-0.051 0.046+0.036 0.015+-0.050
Sagemoor Area 0.025+0.0022 0.020+-0.0078 <DL 0.016+0.029
Benton City Area 0.068+-0.0052 0.052+-0.028 0.053+-0.032 0.041 +-0.031
Sunnyside Area 0.12 +-0.0060 0.072 +-0.056 < DL -0.0086 5:0.030
Moses Lake Area 0.054+0.0061 0.040+-0.016 <DL -0.0215:0.024
Riverview Area 0.068+0.0038 0.061 +-0.011 <DL -0.0034+-0.020

.,., m H

(a) DL -- detection level.
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Concentrationsof radionuclidesobserved in on-site vegetation samples (PNL-5039, p. 33):

(Conce:._rationsin Units of pCi/g, dry weight)

a tx_tion .... _ Cs-137 _ Pu-239/240 U-Total

1 Mile NE of N Area 0.11 50.02 0.003+0.012 0.0+0.0 0.00650.003
1 Mile E of N Area 0.2950.02 0.03+0.01 0.00025:0.0005 0.007 5:0.003
100-AreaFire Station 0.375:0.02 0.025:0.01 0.0325:0.002 0.0075:0.003
200 ENC 0.635:0.02 0.185:0.01 0.0003+0.0(304 0.0075:0.004
E of 200 E 0.915:0.03 0.075:0.01 0.00075:0.0004 0.0085:0.003
200 ESE 0.915:0.03 0.055:0.01 0.0005+0.0006 0.007 5:0.003
SW of 200-BC Cribs 0.53 5:0.02 0.02 5:0.01 0.0002 5:0.0003 0.0095:0.004
S of 200 E 0.345:0.02 0.01 5:0.01 0.00025:0.0002 0.0055:0.003
E of 200 W 0.475:0.02 0.035:0.01 0.0045:0.001 0.0115:0.004
Army Loop Camp 0.345:0.02 0.035:0.01 0.0025:0.001 0.0075:0.003
NE of FFTF 1.2 5:0.04 0.025:0.01 0.00025:0.0003 0.0055:0.003
SE of FFTF 1.7 5:0.04 0.035:0.01 0.0007 5:0.0007 0.0104-0.004
N of 300 Area 0.935:0.03 0.0105:0.006 0.00055:0.0004 0.0185:0.006
S of 300 Area 0.05 5:0.01 0.005 5:0,012 0.0001 5:0.0002 0.012 5:0.006
HanfordTownsite 0.295:0.02 0.0111 +0.0114 0.00075:0.001 0.011 5:0.048 ,:
Wye Barricade 0.165:0.01 0.025:0.01 0.003:1:0.0002 0.008:1:0.004
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Concentrationsof radionuclidesobserved in perennialvegetation samples collected near and
distantto Hartfordreservation (PNL-5038, p. 35):

(Concentrationsin Units of pCi/g, dry weight)
Ik

Location _ Cs- 137 pu-239/240 U-(Natural)

Riverview 1.1+-0.033 0,021 +-0.0067 0.0022 +0.00086 0.014+-0.0052
Byers Landing 0.12+-0.0064 0.013+0.011 0.000404-0.00038 0.015+-0.0056
Sagemoor -0.0063+-0.017 0.012+-0.012 0.00024+-0.00056 0.013+-0.0048
Taylor Rats #2 0,037 +0.024 0.025+-0.012 0.0056+0.00036 0.016+-0.0059
W. End Fir Road 0.086±0.020 0.021+-0.010 0.00021 +-0.00029 0.020+-0.0068
Ringold 0.65+0.026 0.020+-0.0083 0.00+-0.00 0.026+-0.0089
Berg Ranch 0.023±0.027 0.014+-0.0090 0.00051 +-0.00034 0.012+-0.0048
Wahluke02 0.018±0.016 0.020+-0.0079 -0.000011+-0.000022 0.011 +0.0046
VernitaBridge 0.10±0.011 0.014+-0.010 0.000084+-0.00032 0.013+-0.0051
Yakima Barricade 0.041±0.0082 0.012+-0.010 0.00038+-0.00029 0.0078+-0.0035
RattlesnakeSpgs 0.69±0.026 0.0037+-0.0088 0.00083±0.00096 0.012+-0.0047
ALE 0.017±0.023 0.0093+-0.0094 0.00033+-0.00028 0.0055+-0.0029
Prosser Brcd. 0.021 ±0.022 0.011 +-0.0075 0_00034+-0.00034 0.011 +0.0045
S. of 300 Area 0.050±0.011 0.0050+0.012 0.00014+-0.00021 0.012+-0.0056 ,,
Benton City 0.124-0.013 0.022+-0.0070 0.00069+-0.00048 0,015+-0.0058
Sunnyside 0.18±0.026 0.0060+-0.0095 0.00031+-0.00029 0.0093+-0.0038
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