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SUMMARY

This document describes a radioiogical survey which was performed to
evaluate the magnitude and distribution of radiozctive contamination on the
expesed shorelines of the Columbia River along and downstream of the Hanford
Sita. The area encompassed by the survey includes the low-lying exposed land
on both sides of the river from the uppermost pc{ht of production reactor
discharge into the river at 100-B Area to the confluence of the Snake and
Columbia Rivers, almost 60 miles downstream of the starting point. External
exposure rate measurements were made at nearly 30,000 locations during the
survey - accounting for approximately 60% of the land in the study area.

Measurable radioactive contamination, resulting from past Hanford
operations was found to be present on the shorelines of the Columbia River

along the study area. The absence of short-lived radionuclides in the shore

sediments and the presence of contamination several meters above recent
maximum river levels indicate that the material was deposited some years ago.

Contamination on the exposed isiand and shoreline areas was found to be
present in three different distributions: '

1) A fairly constant, uniformly distributed layer of contamination was
observed pver the entire study area. The average exposure rate over the
survey area measured 11 + 3 pR/hr compared to a background exposure
rate measured along the shoreline upstream of the Hanford project of
7 + 1 uR/hr,

2) Ninety-two areas were located in which exposure rate readings exceeded
25 wR/hr. These areas of increased radiation levels are attributed to
contaminated sediments that have been concentrated in some places by
river action and are referred to as "contamination deposits.” The areas

ranged in size from a few square meters to several thousand square meters

and were usually found in areas of dense vegetation. Areas found to
contain the highest levels of river-deposited contamination were the
White Bluffs Slough area, where exposure rates reached 40 pR/hr: the
Hanford Townsite Peninsula, in which an area reading 45 uR/hr was
identified, and Island-344 near the 300 Area which read 38 wR/hr., The




remaining "contamination deposits® were in the 25-30 pR/hr range and
appeared 1o be evehly distributed over the survey area. (Higher exposure
rales were measured during the survey along the production reactor areas,
but were attributed to radicactive material contained in the production
reactor facilities and not to riveerepdsited contamination.)' Samples of
soil and vegetation taken at several sites ajéﬁg the river showed the
‘contamination deposits™ to consist of a mixture of GGCO, 13705 and

152Eu in approximately equal proportions.

3) Discrete particles of contamination containing 6000 were found along
the river, usually in flat, rocky areas with little or no vegatation. The
particles were observed to be metallic flakes, possibly fragments of stel-
lite valve and pump campgnents used in the production reactors. Fourteen
of the particles were recovered. These particles were found at depths
from 0-5" below the surface and contained from 1.7-24 uCt of 5060
activity.

Exterﬁa] dose rates from the uniformly distributed contamination and the
- "contamination deposit" types of contamination are below applicable external
radiation protection dose limits for uncontrolled areas. Baséd on past
surveys of river usage, the maximum individual has been established as a
member of the public who spends 500 hours per year on the shore of the river.
Were that individual to spend the entire 500 hours at the highest measured
contamination deposit location {45 uR/hr), the resulting whole body dose would
be about 20 mrem above the approximately 100 mrem which would normally be
received during a year by a Tocal resident due solely to naturally-oceurring
radiations.

The discrete particles pfesent & somewhat different situation, radig-
logically. In the event of direct contact with a small source, the beta
radiations and the extreme nonuniformity of the radiation field in the ex-
posed tissues become the primary considerations. In such a situation, the
usual dose-response relationships bhecome invalid; and in fact, the effective-
ness of the radiation in producing damage in the organism is significant?y
reduced. Although no definite statements can be made without additional data,
currently available information on the particle sizes and activities suggest
that deleterious health effects due to the particles are most unlikely,
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INTRODUCTION

As a result of plutonium production operations at Hanford, large quan-
tities of radiocactive material were discharged into the Columbia River. This
discharge began in 1944 upon startup of the first of nine production reactors
(Figure 1), Eight of the reactors used Co1umbia,R4§er water as a coolant.
The water was withdrawn from the river, circulated through the reactor core
and, after a few hours holdup time in a retention basin, returned to the river.
the cooling water picked up loose debris
including radioactive products of corrosion processes within the reactor and
small fragments of reactor fuel elements which had failed while in service,
Upon discharge to the river, the radioactive material was rapidly dispersed in

the river water {Columbia River flowrate averages approximately 2800.93/5)

During passage through the reactor,

and sorbed ontoc detritus and inorganic particles, incorporated into the aquatic
biota, or in the case of larger particles of insoluble material,

deposited on
the river bed.(l’ 2)

In the years following its deposition on river sediments,
increases in river flowrate,

periodic
Caused by operation of Targe hydroelectric plants
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FIGURE 1. History of Production Reactor Operation at Hanford




upstream and downstream of the Hanford site, annual spring freshets, and occa-
sional floods have resulted in the resuspension and subsequent deposition of
some of the insoluble radioactive material on river shoreline areas above the
current normal river water level. Following the closure in 1971 of the last
operating single-pass production reactor (KE}, the discharge of radicactive
mdteria1 into the river from plutonium production operations at Hanford
decreased to relatively insignificant Tevels. {The only production reactor
which remained in operation, N-Reactor, does not use the single-pass cooling
system, but instead uses a closed loop circulating system with system bleeds
discharged to radicactive waste treatment facilities.)

Since 1971, the radionuclide burden of the sediments and exposed shore-
line areas of the Columbia River downstream of the production reactor sites
has been decreasing as the radioactive material deposited in these arels
decay. Short-lived radionuclides, which during operation of the single-pass
reactors accounted for the majority of the radiation exposure due to the depos-
ited contamination, have since decayed to negligibie levels. Radiation expo~
sure levels above background along the shorelines are currently due to a few
remaining long-lived radionuclides and unless large increases in river flow-
rate in the future result in the redistribution of contamination along exposed
shoreline areas, the quantity of deposited radicactive contamination is
expected to continue to decrease at a rate characteristic of the half-lifa of
the mixture of remaining radionuclides.

This document describes a radicTogical survey to evaluate the magnitude
and distribution of radioactive contamination on the exposed shorelines of the
Columbia River along and downstream of the Hanford Site. Areas considered in
the survey include the riverbank, broad flood plains, low lying peninsulas,
sloughs and jslands from the uppermost point of production reactor discharge
at 100-B Area to the confluence of the Snagke and Columbia Rivers.



HISTORICAL OVERVIEW

Several radiological surveys of shorelines and islands of the Columbia
River have been performed in the past.(3'8) This has included ground
surveys, aerial surveys, and soil/sediment analysis., Most of the ground
'survey work was conducted during operation of the,s{hgle-pass reactors using
G-M survey instruments, The results of these surveys were influenced by
immediate reactor operating conditions and river level fluctuations, since
many of the higher levels of contamination encountered were due to short-lived
radionuclides which had been deposited shortly before the survey.

The decrease in shoreline activity that followgd shutdown of the produc-
tion reactors is shown by routine measurements taken during 1968-1975 (Table 1)
at two locations downstream and one location upstream of Hanford.(g'li) The
exposure rates in Table 1 represent an average of several readings taken
during the year at the specified location, one meter above the ground and one
meter from the edge of the water.

TABLE 1. Shoreline Exposure Rate 1968-1975

Exposure Rate (uR/hr)

Year Richland Sacajawea Park Vernita Bridge(a)
1968 46 28 nr (b)

1969 30 25 ar (B)

1970 18 22 nR (D)

1971 13 13 nr (b)

1972 10 11 10

1973 11 12 10

1974 11 11 10

1975 12 13 | 9

(a) Upstream of Hanford Project - represents natural background
radiation levels

(b} NR - Not Reported




In 1976, a more intensive roytine shoreline monitoring program was insti-
tuted. Thermoluminescent dosimeters (TLD's) were placed at 10 sites along the
Hanford shoreline from 100-K Area to Wooded Is]and.(la) The dosimeters are
changed monthly and resuits are summarized each year in the Hanford Environ-
mental Surveillance Report. Data from the EnvironqgntaT Reports for the yeafs
1976-1978 show no discernable trends in shareline “contamination 1eve].(14'16)

Aerial surveys of Columbia River shoreline and island areas were performed
during 1973-1974 and again in 1978 by EG&G Inc. of Las Vegas, using the Aerial
Radiological Monitoring System (ARMS).(ly) The surveys covered an area from
approximately four km above the Vernita Bridge to approximately 10 km below
the confluence of the Snake River with the Co]uhbia River. An additional
20 km downstream of McNary Dam was also surveyed. The surveys were conducted
using an array of Nal detectors mounted on a helicopter. Results were
réported in terms of net exposure rate above background for 5060 and, where
detected, 13705. {The average background exposure rate measured in the
vicinity of the Hanford Site by the aerial survey was 10 uR/hr).(ly)

The highest shoreline activities were observed along the H-Area Stough and
on the Hanford Townsite Peninsula. Radiation levels above background up to
14 uR/hr from 6060 (corrected to one-ﬁeter above surface) and 3 uR/hr
from 13705 were measured in the H-Area STough. Levels up to 22 #R/hr from 6000
and 1 wR/hr from 13?65 were measured on the Hanford Townsite Peninsula. The
highest radiation levels observed on islands occurred in the Ringald area
where maximum readings in the range of 9-14 MR/ hr 60Co were obtained., No 13?Cs
activity was detected in this area,

Following the 1973-1974 aerial survey, samples of sand were taken from
several of the areas along the river reported to have higher radiation levels.
Analysis showed that the most prominent radionuclide in the sand was EOCD,
along with measurable levels of 54Mn, 152"1“5‘0'Eu, 552n, 106RuRh, and 13?Cs.{:f'l'lz)
These radionuclides appeared to be uniformly distributed in the sand. However,
during collection of these sands, seven discrete particles containing only
GOCO contamination were found buried 2.5-10 cm (1-4") below the surface.



In 1976, samples of surface sediments in the Columbia River were analyzed
to determine both the natural and man-made radionculide composition. An
example of a typical distribution based on samples taken behind McNary Dam
{decay corrected to the present) is shown in Figure 2.(1) Since thé
contamination a]dng-the shorelines is considered to be from the same source,
‘the distribution of radionuclides is expected to'be similar.

%t 0.7 120%)

2281 1.1 (229

ALPHA EMITTERS >
239-240

Pu  0.032 (0.06%)

BB 00023 (0.005%)

Al 00052 (0.001%)

4B 3051

CONCENTRATIONS ARE IN
D/migram DRY SEDIMENT,
PERCENTAGES IN PARENTHESES
REPRESENT THE FRACTION OF THE TOTAL
RADIOACTIVITY CONTRIBUTED BY EACH
RADIONUCLIDE.

FIGURE 2. Typical Radionuciide Composition in Surface
Sediments Behind McNary Dam
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PRESENT SURVEY

In June 1979, funding was provided to perform a comprehensive ground
based survey of islands and shorelines along the Columbia River to determine
the status and extent of existing radiation levels and contamination in éreas
above the water level. Such a comprehensive ground/survey of all of these
areas had not been performed since the shutdown of the last of the single-pass
production reactors in January 1971,

This survey was performed during the period May 13 - July 9, 1979 and
inciuded the river islands and shorelines shown in Figure 3 with the exception
of Island-377 (across from D-Area), which was surveyed in October 1978,

Istand-345 (North of the 300 Area), which was surveyed in April 1979, and the

Coyote Rapids Peninsula, which was surveyed in August 1979, -

It was not physically possible to take exposure rate readings over the
entire area under consideration. Therefore, selectad lacations were chosen
based upon results of the 1974 and 1978 ARMS surveys and on the anticipated
use of the area by the public {e.g., hunting, fishing, boating, picnicking,
and exploring). The ARMS reports (the 1978 report is expected to be fssued in
mid-1980) provide the best information concérning the contamination status of
islands and shoreline areas not specifically covered in this report.

This survey provides a characterization of the external radiation
enviromment only. Contamination found along the river is expressed in terms
of wR/hr at one-meter above the ground. Using this approach to specify con-
tamination levels allows direct comparison with exterral radiation measure-
ments taken elsewhere, and with standards for allowable external radiation
tevels in uncontrolled areas.




SURVEY AND MEASUREMENT METHODS

Survey Locations

Areas were chosen for survey based upon the anticipated presence of con-
‘tamination using the 1974 Aerial Radiological Surge& Report(17) and prelimi-
nary 1978 Aerial Survey data. In addition, several other areas were surveyed
based upon their frequent use by the public, These areas include several
small beaches north of Richland, Two Rivers Park, Bateman Istand, Ringold Sand
Dunes, and portions of the Richland shoreline. An exploratory survey was
performed along the shoreline of the Columbia River Park; however, there was
no indication of the presence of elevated contamination levels and as a result
a formal survey was not performed.

Areas which were surveyed are enclosed within the dotted lines iﬁtFigures
4-12. Appendix A and B provide descriptions of stafting and stopping places
for the river shoreline surveys and also provides maps of land areas surveyed
using the grid system.

survey Techniques

A1l surveys were conducted on foot using portable Jow-level gamma radia-
tion detectors. The procedure for recording contamination levels remained
constant throughout the course of the survey; however, the degree of survey
coverage provided for individual areas varied depending on several factors
including; the size of the area, anticipated contamination levels, .type of
area including lecation and geographical features, and manpower scheduting
constraints. Whenever possible, a formal grid was established for the area to
insure uniform coverage and to enable relocation of survey points at some time
in the future if desired.

Formal Grid Survey

The formal grid was laid out by first establishing a reference point.
This Jocation was permanently marked by a 5-cm diameter pipe driven into the
ground. Grid points were then established at SU-meter spacings (except for
Island-345 for which the spacing was 15 meters). Maps of the gridded areas
are included in Appendix B. The grids were oriented from the reference point

DOF . Riniand, wa
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FIGURE 13. Surveying for Discrete 80Co Particles
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by either a compass bearing or a second reference point as shown on the maps.
With the exception of the surveys conducted on Islands 375 and 345, gridded
areas were surveyed by lTocating each grid point and arbitrarily choosing three
3mx3m (10" x 10') survey plots within a circle of approximately 30 meters
radius from the grid point. On Island 375, the grid points were used to mark
corners of 90 m x 90 m séctions within which three/é mx 3 msurvey plots were
arbitrarily chosen and on Island 345, a .6 m x .6 m (2" x 2') plot was sur-
veyed at each grid point. Two readings were taken for each survey plot: the
maximum exposure rate at one-meter above tha ground and the maximum ground
surface exposure rate {Figure 13), The ground exposure rate was not reported
in the data Appendix unless it differed significantly from the reading taken
at one-meter (j.e., a discrete radioactive particle was located).

Informal Grid Survey -

An informal grid was used when a systematic method was necessary to
assure uniform coverage of an area, but a formal grid could not be established
(due to time constraints). Methods of establishing informal grids varied from
Tocation to location, but assured that coverage was at least as equivalent as
that provided by a forma? grid, that the survey plots were evenly distributed
gver the area, and that shoreline areas received special consideration. The
informal grid was most often used for long, narrow islands.

Shoreline Track Survey

The shoreline track survey method was applied to river shoreline surveys
where the shorelines were narrow {i.e., all areas except for large low lying
shoreline regions on floodplains and peninsulas which were surveyed using the
grid method). The shoreline survey usually consisted of three tracks running
parallel to the shoreline. Surveys were made on .6 mx .6m(2'" x 2') plots
at 15-meter intervals along each track. At each plot, two survey instrument
readings were obtained just as in the grid survey. Track 1 was always located
closest to the water's edqge along a path midway between the water's edge angd
the daily high water mark. Tracks 2 and 3 were spaced 15-meters and
30-meters, respectively, inland from the track 1 path.

19
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General Survey

General surveys were conducted on very small istands and peninsulas and
on the beach areas. The surveys were performed using 3 mx 3 m (104 x 10")
survey plots randomiy distributed over the area.

Measurements ya

s

Field contamination measurements were made using a portable tudlum
micro-R meter Model 125 survey instrument. The micro-R meter is a small hand-
held, battery powered device incorporating a 2.5 cm x 2.5 cm NaI{T2) crystal
to detect gamma radiation emitted by the radioactive contamination. The
instrument readout is in units of pR/hr based on Tlaboratory calibration using
a Ra-226 source. The surveys were performed by the Environmental Monitoring
personnel of the Pacific Northwest Laboratory ({PNL).

-

Maintenance and calibration checks were performed throughout the survey
by the Instrument Calibrations and Evaluations group at PNL. Calibration and
maintenance records are maintained by calibrations personne]. Prior to use
each day, each instrument was given an informal battery and background check
by the Monitoring personnel.

During the survey, it became apparent that the survey instruments were
sensitive to small changes in battery charge, in that during a survey, a
gradual decrease in the efficiency of the detector was observed as the
batteries weakened. The maximum change in instrument efficiency abserved
during a survey was 50%; however, in most cases efficiency changes were of the
order of only a few percent. This did not affect the capability of the instru-
ment to respond to increases in radiation level associated with the presence
of 2 contamination deposit or discrete particle, aithough in some cases it
Caused the instrument reading to be biased Jow.

The survey instruments were found to be highly sensitive to the low-energy
gamma radiations resulting from the scatter of the higher energy source
emissions from the contamination with nearby objects such as rocks,
vegetation, and the instrument user. A& correction factor was established to
account for the gamma energy distribution encountered under field conditions

2l




using a Reuter Stckes ionization chamber as the reference. Procedures and
results are described in Appendix D. (The field calibration was performed
after the survey had begun., A1l data reportad in Appendix A and B were taken
directly from the survey instrument without application of the fie]& calibra-
tion correction factor.) _
: /s

-
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RESULTS AND DISCUSSION

GENERAL

v

A total of nearly 30,000 individual measurements were made during the
performance of the survey. It is estimated that 21 million square meters of
land, or approximately 60% of the affected area befween B-Area and Two Rivers
Park in FinTey,fﬁggeéccounted for by the survey. In all, 64 km (40 miles) of
shoreline and 26 islands were surveyed. ‘

Data obtained during the survey are presented in Appendix A for surveys
made on islands, peninsulas, sloughs, and flood plains; and in Appendix B for
shoreline surveys. This data is summarized in Tables 2 and 3.

Contamination found along the Columbia River shoreline and island areas
can be categorized as one of three types with respect to its distribution:
1) "discrete particles" of 60Co contamination, 2} "contamination deposits":
i.e., regions of varying size with contamination levels significantly higher
than adjacent areas and 3} a uniform layer of contamination deposited over a
large area. For the purpose of definition, the term "discrete particle" was
applied to contamination in which the radiation appeared to be emitted by a
point source (i.e., the instrument reading would decrease rapidly as the
instrument was moved away from the apparent source). Areas designated as
“contamination deposits"” refer to regions in which the measured exposure rate
at one-meter above the ground exceeded an arbitrarily chosen value of 25 uR/hr.
The level of uniformly distributed contamination is expressed in the tables by
the average(a) of the individual exposure rate readings taken at one-meter

(a) In computing the average exposure rate for island, slough, peninsula, and floodplain
areas, all individual survey measurements were included. For shoreline regions, in which
the survey was performed by walking tracks parallel to the shoreline, a biased average
was used. The biased average was calculated by considering only the maximum of the three
instrument readings (one for each track) at a particular location along the shoretine in
the calculation of the average exposure rate. The biased average exposure rate was
intended to prevent data recorded at survey points located high on the river bluff which
had not been exposed to contamination-bearing river water and hence, not a2 member of the
population under study, from being included in the calculation of an average exposure
rate for that population. It was frequently the case during the survey, that the river
btuff would closely approach the shoreline such that two tracks would be on the bBluff,
well above the river. This technique results in a slight overestimation of the average
exposure rate,

23




TABLE 2.

Survey Area

Summary of Survey Data:

Exposure Rata, uR/hr(a’ Humder
1 Meter Abgye Ground 3m x 3m

AVBFage : I Maximum  Survey Plots

Island and Broad Shorelines

Number
Oiscrets
Particies

Found

Particle/mz

Location with Elevatad
Readings(b} (525 LA/nr
@ 1 Meter Above Ground
[max wR/hr; location:
terrain}

Coyote Rapids Pan.
Island-177 (D-Islandﬁc]
D-Area Floodpliain
Island-376

Island-375
Island-373 A

[sland-373 8

Upper IsTand=-372 {Locke I)

Lower Island-372 {Locke [}
white Bluffs Slougn

{sland-368
F-Area Floodplain

6:1 9 L
9= 125 14
1224 23 298
1013 25 25

% =3 19 210
15 « 3 25 L]

1T« 4 25 142

12 2 18 452
15 a0 219

I+
o ]

5 : 13 62
11 - 4 3 225
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d) -
4 x 1072 125; At Vent Pipes

L7 ox 10
L2 x 10°2

[:j 25; Interior af down-
stream half; rocky,
no vegation

5 x 1g=2 -

B oz 102 2%; upstream half of

island Just above
daily high water mark;
rocky, SpaArse veqet-
ation - particles found
nezrby

0 x 102 25; Near downstreamend

of fsland; rocky, no
vegatation, particies -
found nedrby

(5] 25 cria sectton 3c;
Racky

25 Grid section BC;
Racky

255 Grig section 9C;

Rocky

4 x 10+ -
9.

& 10=

29; Grid section 4A;

Cheatgrass

[:J 28; Grid section 3A;
Cheatgrass

25; Grid section 6A;
Cheatgrass

40; Grid saction 223;
Low, grassy area

38; Grid section 234;
Low grassy area

26; Grid sectign 68;
Grass and dirt

— —
() Y]

25; Grid section 1n8;
Rocky

2%; Grid section 178,
Rocky

25; arid section 178;
Aocky .

25% Grid sectton 2C;
Rocky

25; Grid sectiom 4C;
Rocky
2%, Grid section 5C:
Rocky

s p— s p— —
o ~ o wn =

1.0 x 107° -

4.7 x 1¢°

25; Grid section 3[:
Grassy

31y Grid section 114;
Aocky with grass; 2
oartigles found nearby

=] [3]



TABLE 2. Summary of Survey Data: Island and Broad Shorelines (contd)

Lacation ESth Elsvated
{a) Number ' Readings( {»25 uR/hr
Exposure Rate, pR/br Humber Discrete @ 1 Meter Above Ground
1 Metar Abave Grqund Im x 3m Particles {max uRshr; Tacation;

Survey Area Averade = g Maximum~ Survey Plots Foungd Particle;‘m2 terrainj
Hanford Townsite Pen. 125 18 483 2 4.4 x jo-* [iﬁ 25, Grid smctfon T3£;

s Brushy

255 Grid section 14E;
Brushy

25; Grid sectien 15€;
Brushy

26; Grid section 16E;
Brushy

25; Grid section T7E;
Brushy

28; Grid section 1BE;
Srushy with willows

301 Grigd section 19E;
Brushy with willows

25; Grid section 26E; .
an shoreMine, particlag

found at waters edge
nearty

25; Grid section 13F:
Rocky with medium
vagetation

29; Grig sectign 14F;
Dead trees nearby

18, Grid section [5F;
Jead treet nearby

25; Grig section 20F;
High vegetatian

25, Grid section 21F;
High vegetation

25; Grid section 18G;
High vegetation

e

o= r Ca H [y
o o e <3 &

=
Lk

& & E @A E
-4l fon] |wh

Savage lsland Slough 14 + 4 15 17 4 3.7 « 1079

(Upstream end) 3%3; Grigd sectfon 30,
T

Racks and weeds

(5]

Savage [sland STough
{Gravel Bars) 11 =2 15 20 i 5.4 x 10-2

[5Tand=355 {Ringold I} 0 = 2 25 153 13 3.9 x 10°7

[
[ ]

25; On West bank,
350m S, af N, tip of
Island nzar boat
Landtng beach; Rocky
dith Tow vagetatian
x 1072 -

102 -

[s1and-1353 11 2
[sland-352 10 =
Ringold Penfnsula 1T =
Island-350 il =
[sland~349 (N. Wooded [sland) 10 +
[sland-348 (5. Wooded Island) 12 -«
[sland 348 A 15 =

4y 251 2
15 740 7
20 216 x 101 -
18 202 12 x 10-7 -
15 129 0 - -
23 30 2 19=" -
23 i 2 6.4 x 1077 -

O e e g
o O B
Ed

e B R o R
-
-

26

——




TABLE 2,

Survey Area

Summary of Survey Data: Island and Broad Shorelines (contd)

Location with Elevated
Readings(b) {>25 ya/hr
@ 1 Meter Above Groung
[max uR/hr; Tocatien;
terrain]

{2} Number
Exposure Rate, uR/hr Oiscrete
1 Meter Above Ground Im x 3m Particles " g

Average : ¢ HMaximum  Survey Plots Found Particle/m

Number

Island-367

Island-367 A
F-Area Slough

Island-366
Island-385

13 =3 25 181 13 7.8 x 1071 [22) 255 Region(3);-

) 25; Region(3);-

@ 26, Interior of
Region {1); -

265 Reglon (1) near
water;

4 =1 L4 7
11 :4 26 725

25; Regien (2) near
water, High vegetition
25; Region (4); Grassy
25; Region (4); Grassy
285 Region (5), near
shoreline, approx.
730m South of N.E.
Corner; -

28; Region (5, near -
shorelin®, approx,
830m South of N.E.

Corner; Grassy bank -
sarticles found nearby

]
2

25; Region {5), approx
750m South of N.E.
Corner and 15m above
datly high water mark;-

&
[,

25; Regiogrs (5), approx.
830m South of N.E.
Lorrer-and 15m above
daily high water mark:-

28; Region (%), approx.
920m Seuth of N.E.
Lorner ang 15m above
daily high water mark;-

25; Region (S}, approx.
920m counter clockwis
from North Point,
zlong shareline;-

1.1 x 10-= -

5.7 x 103 -

[£d]

o
L

W3 18 133 15
10 - 1 13 38 2

25




TABLE 2. Summary of Survey Data:

Humber
Discrete
Particies 2

Found rarticle/m

{a)

Humber
3m x 3m
Survey Plots

Expasure Rate, uR/hr
] Meter Above Ground
Average = 7 MAximum

Survey Area

Island and Broad Shorelines (contd)

Location with Elevated
Readingsib) {>25 LR/hr
3 1 Meter Above Ground
[max pR/hr; location;
terrain]

Is1and-345 1325 73518} 0 -

/

-~

EE 8 B R G

EH3

(=]

jsland-344

102 i 1.1 x

Is1and=342 {Third Island)
Beaches Rorth of Ricnlang

23 523 3
25 . 0 -

O
—_
k3

5]
Lk

{stand~340 126

o
L]

24
13
15
15
33

102
136
24
17
50

15 =
12 =
1z
11 =
13 =

Islang-339 (Nelson [} 2.2 x
Rigniand Marina

Columbia Pt., 4 WD-Track Area
Batemarn [sland Beaches

Island-333

e R o oW
el = B = T o B ]
1

2.2 x

20 14 b} -
5.0 x

151ang-332
Two Rivers.Park

13 =24

M3 10~}

{a) Corrected for field calibration

{b) Refer to maps in Appendix & to locate

(e} Survayed 10-30-79 {Ses Appendix C)

{d) Numbers in [T} correspond to further information
in Appandix

Survey plots were 0.5 x 0.6m (2' x 2')

Complate covarage (plats not usad)

{e)
{f)

27

267 N.E.
Track 1,
Starting,
26; N.E.
Track 1,
Starting

29; N.E.
Track 1,
Starting
265 N.E.
Track 1,
starting

25; N.E.
Track 1,
Starting

26; 3.W. Quadrant,

Track 3, 170-210m

From starling point 5
25, 5.W. Quadrant,

Track 5, 380-410m

Fram starting point

38; Section 20 on W,

Sida of [sland: particles
found nearby

Quadrant,
15m from
point; -
Quadrant,
ilm from
point; -

Quadrant,
75m from
point; -

Quadrant,
150m from
seint; -
(uadrant,

2¢00m from
point

25; On upper reaches
sandy beach on lower

£. side of Third Is.
Where black silty
Material was depositedin
Bands parallel to waters
edqe; -

38; §. stde of is.,
Approximately 30m

From upstream end;
Sandy with willows




Survey Location

TABLE 3. Summary of Survey Data: Narrow Shorelines

Areas wzth Elavated

(a) Number of Number of ReadingsiC) (>25 LR/hp
Exposure Rate, uR/nr 0.6m x Q.6m Qiscreta : 1 Meter Above Ground)
i Meter Above firound (2 x 2} Particles 2 [max wR/hr; length aof

Average Biased =5 Maximum Survey Plats Found Particles/m deposit; lecation]

vernita 8ridge
8-Area

N-Area ta K-Area

H-Area tg J-Area

O-Area to 0-Flgodplain

H=-Area

H-5lougn %o F-Area

7 e 7. 36“” ale!
g -2 125 135 g

ya - &125; 110m, balow 107-3
s Retention basin

28; 60m; approx. 2kn
Upstream af starting
aaint

AZSU; 150m: 2eTow 107-K
Retention basin

380; 1250m: Shine

from reactor fagilities.
Region extends from
starting point at
100-# aytfall and
gitends downstream

for 1290m. Levels
inerease as bank fs
climbeg

7 -2 63 228 ¢ - &53; 6%m; 730m down-
: stream of starting

point

0:3 . & 1eey s 8.8 1070 /N 25. tsm: spprox. 1.9km
aownstream of 181 -H

25; 3Cm; Approx. 310m
downstream of sawed
off telephona poie
wnich is Tocated
approx. 3.%km down-
stream of 187-H Area.
Higher activity appears
to be assaciated

P with 1 particles found
in this area. 3 fFourth
narticie was faund
aoorox. 180m upstream

M :4 30 306 0 - Aso; 490m; Aoprox.
490m downstream of

starting Joint

26; 150m; Just up-
stream of power lipe
Lrossing

N =2 250 363 0

5 -2 80 612 0 .

28

PO,




TABLE 3. Summary of Survey Data: Narrow Shorelines {contd)

(a) Number of

Exposure Rate, uR/hr Q.6m x 0.6m
1 Metar Above Ground {er x 2v)

Average Biased o Maximum Survey Plots

Survey Location

Number af

Discrate

Particies
Found

Part1:1es/m2

Areas with Elevated
Readingsi€) {>25 uR/hr
1 Meter Above Ground)
[max uR/hr; length of
deposit; location]

Hanford Yownsite Slough 12 z 3 28 218
Hanford Townsite N =3 30 876

Savage [sland
Ringold Sand Dunes

East Bank Across from
Ringold Island

West Bank Across from
Wooded Island - 1

Nes€ Bank Across from
Wonded lsland - 2

11
10

10 =

12 23

14 = 3

It

i

24
26

19

26

29

aa1(2)
120!2)

483

582

a9

29

0 .

0 f/f

rd

2.4 x 10=4

(ié} 28; 30m; Approx.

1530m downstream of

AN

starting point

30; 140m; Approx.
1710m downstream of
starting point

28; 46m; Approx.
2450m downstream of
starting point

25, 46m; Approx.
2600m downstream of
starting point

30; 92m; Approx.
2750m downstream of
starting point

25; 30m; Approx. -
306% downstream of
starting point

29; 60m; Approx.
3500m downstream of
starting point

28, &0m; Approx.
3350m downstream of
starting point

25, 46m; Approx.
4130m downstream of
starting point

25, 30m; Approx.
4200m downstream of
starting point

ég\ 26, 240m; Approx.

JAN
£\

B B P

570m downstream of
starting point in
thick grass

25; 30m: Approx,
1530m downstreamof
starting ppint in
sand dunes

25, 3i0m; Approx.
1600m downstreamcf
starting pgint in
sand dunes and
willows

26; 110m; Approx.
795m upstream of
starting point

25: 15m; Approx.
2200m upstream of
starting point

29; 46m; Approx.
210m downstream
of starting pgint




TABLE 3.

Summary of Survey Data: Narrow Shorelines

(contd)

Areas with Elevated

(a) Mumber of Number of Readings{c) (»25 R/hr
Exposure Rate, uR/hr 0.6m x Q.8m Qiscrete | Mater Above Groung)
1 Meter Abgve Ground {(2' x 2"} Particles 2 [max uR/he; Tength of
Survey Locatfon verzge Giased za = MaxTmum Survey Plots Found Particles/m depusit; lacation]
North of 300 Area 1322 26 92 Q{CJ - - & 263 15m; Approx.
// 370m ypstream of
starting point
25; 15m; Approx.
460m upstream of
. starting point
North of Graduate Centar 1T =3 19 264 3 - -
North of Richland Pumphouse =4 25 171 0 - & 25; 46m; Approx.
460m yostream gf
starting point
Saint to Snydar 5t.
{Richland) 7 [14] g3 0 - -
Thomas tg Park St.
{Richlana) 10 =2 18 378 0 - -
East Shore Across from ’ .
Hanford House 12 = 2 ig 378 ] - - i
{a} Corrected for field calibration
(b} Survey plots measured 3m x 3m
<} Appendix 8
Ed% Nﬁn?ibers in Mcorrespond to further informatien in the Appendix
PARTICLE

MEASURED EXPOSURE RATE

CONTAMINAT [ON

FIGURE 14,

SHORELINE SURVEY TRACK ——=

on Exposed Shorelines and Islands

30
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above the ground within a designated survey area, but excluding any readings
indicative of the presence of a “contamination deposit" or "discrete particle”,
Figure 14 pictorially represents the three categories of contamination reported
in the tables. '

UNIFORMLY DISTRIBUTED CONTAMINATION v

s

The uniformly distributed layer of contamination appears to remain at a
fairly constant level slightly above background over the stretch of exposed
riverbank shoreline extending from B-Area to the endpoint of the survey at the
Snake River confluence (see Figure 15). An average exposure rate for this
stretch of the river based on the portable survey instrument readings is 11 +
3 pR/hr {96 mR/yr}. A background exposure rate based on 30 readings taken
along a 300 m section of shoreline upstream of the Vernita Bridge (1.e.,
upstream of any potential sources of Hanford introduced contamination)
indicates a background of 7 + 1 uR/hr (61 mR/yr). This measured background
exposure rate agrees favorably with background external radiation measurements
reported in the 1978 Hanford Environmental Surveillance report.(ls)

Samples of soil and vegetation were collected at six sites along the
shoreline at which contamination levels below 25 rR/hr at one meter above the
ground were recorded, Table 4 shows the concentrations of the predominant
long-1ived man-made radionuclides found in the samples. Naturally occurring
radionuclides were present at normal concentrations and accounted for the
majority of the gamma-radiation emitted by the samples, With the exception of
the so0il sampiés taken at N-Area and the Hanford Townsite Peninsula, 13?Cs
concentrations were at levels attributable to world-wide fallout as reported
in the 1978 Hanford Environmental Surveillance Report.(ls) Cobalt-60 and
Europium-152 were not identified 1n samples of soil and vegetation taken off-
site and away from the river as part of the routine Hanford environmental
surveillance program and thus are associated with Hanford Operations.(ls)

CONTAMINATION DEPQSITS

Twenty-eight areas with measured exposures rates of 25 wR/hr or greater
were identified along the riverbank shoreline and 64 areas were identified on
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TABLE 4. Concentrations of Man-Made Long-Lived Radionuclides in
Soil and Vegetation Samples Collected Along the Columbia

River

Location

Shoreline

Exposure Rate <25 pR/hr

N-Area Shore
Vegetation
Soil

F-Area Slough
Vegetation
Soil

Hanford Townsite Peninsu
Vegetation
So11

Plant Shore Across from
Vegetation
Soil

Richland Marina
Vegetation
Soil

McMurray St. Shoreline
Vegetation
So11

Exposure Rate >25 uR/hr

1a

Wooded Island

H Area STough
Vegetation
So011

Hanford Townsite Slough
Vegetation
Soil

Concentration pCi/gram (wet wt.)

To-60 Cs-137 Fu-157
/
-

1.0 0.09 ND
7.4 2.9 ND
ND 0.04 ND
0.29 0.52 0.33
ND ND ND
1.5 1.3 3.0
ND ND ND
0.20 0.23 ND
ND 0.099 ND
1.0 0.52 1.6
0.13 0.10 ND
0.88 0.4 0.65
11 2.1 .24
6.0 19. 9.5
.064 .64 .21
7.3 7.3 12.0

NOTE: Shorter lived radionuclides were also present in the N-Area Shoreline
sampie. Naturally occurring radionuclides were present in normal
Only gamma-emmitting radionuclides were considered.

concentrations.
ND - Not Detected
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islands, peninsulas, sloughs and floodplains. A total of 3,450 m of shore-
line or 5% of the distance along the shoreline surveyed by the track method
was found to exceed 25 uR/hr at one meter above the ground. These areas
ranged from a few feet to 1,250 m in length. On islands and other Tand areas
surveyed by the grid systems, contamination deposit§=varied in area from less
than 10 m2 to areas covering several adjacent 90 n'x 90 m grid sections.
Approximately § x 105 me or 2.4% of the area surveyed by the grid system

was found to contain contamination deposits. '

The highest exposure rates at one meter above the ground on the river
shoreline were measured along the B, K, N, and D Reactor areas. Exposure
rates as high as 800 wR/hr were recorded along the shoreline in a region which
extended from just below to approximately 1,250 m downstream of N Reactor,
A1l exposure rate readings taken in this area increased as the survey '
instruments were raised away from the ground and as the high riverbank bluff
in this area was ascended towards the reactor facility; therefore, the high
radiation level in this area was determined to be due to scattered gamma rays
(skyshine) from several of the N Reactor radwaste storage and transfer
facilities and not to surface contamination. The highest radiation Tevels
found along 8, K, and D areas, 125, 250 and 63 pR/hr respectively, were
measured below the now inoperative reactor effluent retention basins and as
such were also probably not the result of river deposited contamination.

The highest exposure rate measurad on an island was 125 pR/hr on
Island-377 (D-Istand). This reading was taken where vent pipes for the D and
DR reactor cooling systems penetrate the ground surface near the upstream end
of the island. As in the previously mentioned areas with high exposure rates,
the radiation levels measured were not due to river deposited contamination.

Areas found to contain the highest levels of river deposited contamina-
tion were in the While BIuff Slough, where exposure rates at one meter above
ground reached 40 wR/hr in one location and 38 MR/hr in another; on the
Hanford Townsite Peninsula in which an area reading 45 pR/hr was located; and
on Island-344 (near the 300 Area) at 38 wuR/hr. The remaining contamination
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With the exception of 14 particies recovered from D-Island and Ringold
Island for special study, none of the discrete particles were removed from
their original location. Laboratory analysis of these discrete 14 particles
with a Nal(T2) muitichannel analyzer identified the gamma rddiationslemitted
to be entirely due to 5080 at activities ranging from 1.7-24 uCi (see-

Table 5). ' A

rs

When isolatead, the particles were barely visible to the naked eye, appear-
ing as small, dark colored chips or flakes of roughly equal size. Microscopic
examination of three particles showed them to be metallic appearing flakes
with diameters of approximately 0.1 mm (see Figure E-1). The particles were
found to vary in elemental composition, but all contained significant propor-
tions of chromium, iron, and cobalt (see Appendix D) characteristic of the
alloy stellite, used in valve and pump components in all of the production
reactors, - '

Nine of eleven-particles were found above the daily high water level,
indicating deposition occurred during a period of extremely high river flow.
Particles were found at depths up to 5" below the surface, mostly in the sandy
interstices between rocks, although one was found to have been deposited
within a small crack on the side of a rock (see Table 5).

The particles were more heavily concentrated on islands, especially those
with large rocky, unvegetated areas. Fewer particles (37 as compared to 151)
were found on shorelines, sloughs, floodplains, and perinsulas where there was
more vegetation. The small number of particles found in many of the areas
precludes an accurate quantification of particle distribution. It does,
however, appear that the number of particles found per square meter of ground
surveyed decreases as one travels downstream from the reactor areas. -

The highest concentration of discrete particle contamination was found on
the group of islands between D-Area and Locke Island, These islands are all
characterized by large, Tevel, rocky areas with Tittle or no vegetation, Com-
parable concentrations of discrete particles were found on !sland-388 and
Island-366 near F-Area and on IsTand-339 (Nelson Island) near Ncrfh Richland.
These islands are also characterized by Targe, flat, rocky areas,
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deposits were in the 25-30 wR/hr range and appeared to be rather evenly
distributed as far downriver as the survey was conducted.

In general, contamination deposits were most frequently found in flat,
densely vegetated areas at an elevation several feet above the daily high-water
level. Field measurements using a Reuter Stokes iqpization chamber were made
in a heavily vegetated area on the Hanford Townsite Peninsyla to determine if
the increased readings were due to the uptake and concentration of radionu-
clides by the veéetation. The measurements showaed only a 15% reduction in the |
exposure rate following the removal of all vegetation flush with the ground :
within a 3 m radius circle around the instrument. :

Samples of soil and vegetation taken from two areas classified as "con-
tamination deposits” show the same radionuclides found in areas with lower
contamination levels, but at greater concentrations (see Table 4). The con-
centrations of all radionuclides identified in these sampies are above levels
associated with worldwide fallout.(ls)

DISCRETE PARTICULATE CONTAMINATION

Discrete particles of contamination were found in 188 places between
B-Area and Two Rivers Park near the confluence of the Snake and Columbia
Rivers. Unlike areas with contamination deposits, which were more fregentiy
Tocated in areas of dense vegetation, the majority of the discrete particles
were found in rocky, flat areas with little or no vegetation. The two types
of contamination therafore appear to have been distributed atong the river in
a mutually exclusive manner.

The number of discrete particles found in each survey region is given in
Tables 2 and 3. Information pertaining to the specific location of each
particle is provided in Appendix A and B. Instrument readings were recorded
at the ground in addition to one meter above the ground at each particle loca-
tion. These readings, which are given in the data Appendices, should be con-
sidered only an approximation of the actual exposure rate at the ground surface
since the depth of the particle, and hence the gamma energy distribution and
source-to-detector geometry were unknown, and a valid correction factor could
thus not be determined.
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TABLE 5.

Particle Location

Discrete

Description
of Area

Upper end of
O-Istand 30°
DHWL

above

Upper end af
D-Island 25' above
DHWL

Upper end of
D-Istand 30' above
DHWL

Cove at upper end
of D-Island, below
OHWL

50 yds downstream

of cove 40' below DHMWL

D-Isiand 75"
DHWL
D-Istand 60'
DHWL
Upper end of

above

above

Ringald [sland, 80'

abave OHWL near
center of Island
Upper end of
Ringold Isltand 30°
in from DHWL (n2'
verticle above
DHHL)

Upper end of
Ringold Island 20!
in from DHWL (~.2°
verticle above
DHWL}

Upper third of
Ringold Island 13'
gbove DHWL :
Ringold Island
Ringold [sland
Ringold Island

MR - Not Recorded

Rocks 1-6" dia.
sparse wesads

in area, gradual
slope

Sand, rock 1-5"
dia, flat

Raocks 1-B6" dia.
sparse wesds

Rocky, gradual
slope

Rocks to 6" dia.
Sand, rocks, low
vegetation
Large rocks

Small rocks, sang

Rocks 2-6" dia.

“Rock to 1", sand,

sparse vegatation

Small rocks 14,
sand

Rocky
Rocky
Rocky

DHWL - Daily High Water Level

Micro~R Meter Readings, pR/hr

im above

Surtace

6000 Particles Recovered from Island-377
(D-Island and Island-355 (Ringold)

General ground at of ground Depth 60co
Background Particle above Below Activity
in Area Location Particle Surface (uCi)
10 14 - 210 NR KR

e

10 13 500 NR 16

io i8 1400 2" 14
9 12 100 3" 1.7
8 15 1000 Iz 6.6,

23

14 26 700 s" 21
10 20 1000 Surface 9.9

B 12 800 1172 13

L] 110 580 11/2" 12
NR 8 180 NR 6.5
10 12 300 NR 2.5
NR NR NR NR 9.7
KR NR NR NR 1.7

NR NR NR NR 24
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COMPARISON WITH AERIAL RADIOLOGICAL SURVEYS {ARMS)

In general, the prasent survey showed good agreement with the 1974 ARMS
report and with preliminary results for the 1978 aerial survey. Both surveys
indicated that the areas containing the maximum levels of river deposited con-
tamination were located along the H-Area Slough and on the Hanford Townsite
17) It is felt that the use of the Aerial survey as a basis for
Choosing the particular areas to be included in the ground survey was appro-
priate, |

Peninsu]a.(

Two aspects regarding the use of aerial menitoring techniques for
performing a definitive contamination survey of the Columbia River shoreline
areas should be noted. First, the loss of spatial resolution by locating the
detector well above the ground surface (45 m) prevented the detection of
discrete particulate contamination. Second, the presence of water witﬁin the
detector 'field of view! greatly complicated the measurement of background
terrestrial radiations along the shoreline and prevented the measurement of
the net gross activity due to Hanford produced contamination. For this rea-
son, the 1974 survey reported only 6OCo, and where detectable, 137Cs con-
centrations. Europium-152 could not be measured with the Nal detectors used
in the survey due to spectrum interference and; as a result, the actual radia-
tion Tevel due to the contributions of al] the individual radionuclides
present could not be determined.,
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CONCLUSIONS

Measurable radionuclide contamination resulting from past Hanford
operations is still present along the shore of the Columbia River downstream
from the 100-8B Area. The absence of short-lived radionuclides in the shore
sediments and the presence of contamination several meters above current
maximum river levels indicate that the material wé; deposited some years ago.

The predominant radionuclides present in the sediments are 6080, 1525u angd
137
Cs.

Contamination on the exposed shore and island surfaces is present in
three types of distributions: '

« A fairly constant, uniform distribution of contamination, producing an
exposure rate reading of about 11 uR/hr (including approximately 7 nR/hr
background) exists over much of the study area.

e Localized areas of concentrated contamination or "contamination
deposits" producing exposure rates in excess of 25 pR/hr were observed
at 92 locations, primarily in areas of heavier vegetation.

» Discrete particles containing 5000 were observed in a number of areas,
primarily in flat, rocky areas devoid of vegetation.

External dose rate from the uniformly distributed contamination and the
"contamination deposit" types of contamination are below applicable external
radiation protection dose limits for uncontrolled areas. Based on past
surveys of river usage, the maximum individual has been established as a
member of the public who spends 500 hours per year on the shore of the river.
were that individual to spend the entire 500 hours at the highest measured
contamination deposit Tocation (45 wR/hr}, the resulting whole body dose would
be about 20 mrem above the approximately 100 mrem which would normally be
received during a year by a local resident due solely to naturally-occurring
radiations.

The discrete particles present a somewhat different situation, radio-
logically. 1In the event of direct contact with a small source, the beta
radiations and the extreme nonuniformity of the radiation field in the ex-
posed tissues become the primary considerations. In such a situation, the
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usual dose-response relationships become invalid: and in féct, the effective-
ness of the radiation in producing damage in the organism is significantly
reduced. Although no definite statements can be made without additional data,

currently available information on the particle sizes and activities suggest
 that deleterious health effects due to the particles-are most unlikely,
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APPENDIX A
DATA - ISLANDS AND BROAD SHORELINES
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APPENDIX C

RADIOLOGICAL SURVEY OF "D IsLAND 2

A survey of "D" Island was performed on October 25, 1978 to determine its
current radiological status. Some of the results of the survey were higher
than had been expected, and a resurvey was conducted on October 30, 1978,
to determine the distribution and density of the radiocactive particles, to
take exposure readings more amenable to interpretation, and to collect several
particles for radionuclide identification and quantification.

The water level of the river at the start of the resurvey (October 30)
was 381 feet at D Reactor water intake. This was approximately the same as the
Jevel at the start of the October 25 survey, although no gauge readin§ was 1
taken during the October 25 survey. |

The shore of "D" Island is characterized by a surface covering of smooth
rocks 1 to 6 inches in diameter over a layer of mixed pea gravel to sandy-
siTty material. Three of the most radiocactive particies that could be found
were found in the top 1/4 to 1/2 inch of the pea gravel/sandy-silty layer.
The microscopic particles could not be differentiated from the matrix in
which they were found except by the radiation they emitted. Laboratory
analysis of the particles using a GeLi detector and a multichannel analyzer
showed that the particles were 100% 6060. No trace of any other radicnuclide
was observed, confirming that the particles are not of recent origin.

Activities of 2.8 to 22 uCi BOCD were measured on these particles.

Most of the radioactive particles located had cantact exposure rates
of 50 to 150 uR/hr. At a distance of one meter exposure rates of background
(6-8 uR/hr) to 13 pR/hr were noted for most particles. A small fraction of
the particles, perhaps 1 or 2% contained more activity and exhibited exposure
rates up to 60 pR/hr at one meter. One particle was found that read about
750 uR/hr at one meter, but was not recovered due to the rapidiy rising
water Tate in the morning. Based on the two surveys, it is estimated that
the average radioactive particle on the island contains about 0.5 uli 60C0.

€.




To gain some information on the distribution and density of the radio-
active particlies on the island, fourteen, 100 ftz areas were selected at
random along the north shore, some near the water line and some twenty to
thirty feet inland. - Each plot was carefully surveyed, noting the number of
particles and the contact éxposure rate of each particle. A tota of seven
particles were located in the 14 areas, yielding a density of 5 X 1073 parti-
cles per square foot.

The island is about 2000 feet in length and has an estimated shoreline
perimeter of 5000 feet. The wetted arez or area where particles may have
been deposited in the past and that may be exposed during low flow periods
is estimated to average 30 ft in width. Thus, the total number of radiocactive
particles exposed on the shore during low river flow is estimated to be about
750 (.005 x 5000 x 30}. An upper limit estimate of the total activity asso-
ciated with all the particles on the island is 1000 ﬁ01. This corresponds
to an average shoreline surface concentration of about 0.06 uCi/mz. which
agrees reasonably well with the E.G.G. aerial survey of 1973.

In general, background exposure rates at one meter over the shoreline are
& to 8 uR/hr. Above the radicactive particles are small areas that exceed
background, ranging in size from a few inches in diameter at contact to a
foot or two in diameter at a meter above the surface.

In addition to the discrete particles, elevated radiation levels were
found at vent pipes that penetrate the D and DR Reactor cooling water dis-
charge 1ines at the upstream end of the island. These are small diametar
pipes extending several feet above the surface with a "T" on top and are
only visible during low river flow conditions. Contact exposure rates on
these vents are 80 to 100 uR/hr,

{a)

Letter from J. R. Houston, Environmental Evaluations, Occupational and
Environmental Protection Department, Pacific Northwest Laboratory,
Richland, WA, to P. F. X. Dunigan, Safety and Environmental Protection
Division, U.S. Department of Energy, Richland Operations Office,
Richland, WA, "Radiological Survey of “D" Island, Dated November 1, 1978,

¢.2
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APPENDIX D

FIELD CALIBRATION OF SURVEY INSTRUMENT

A correction factor was appiied to all survey data, based upon a compari-
son of exposure rate measurements made using a Ludlum pR survey meter'and a
Reuter Stokes Ionization Chamber under field condjf%ons. The correction
factor accounts for errors in the survey meter readings resulting from the
different gamma-energy distributions and source to detector geometries encoun-
tered in the field versus the calibration laboratory.

Exposure rate readings were taken at seven locations along the Columbia
River shoreline from the Vernita Bridge to the 300 Area. The comparison was
made at several locations to account for changes in contamination level, Tocal
variations in energy distributions, and difference in scatter due to ihe type :
of ground cover. Both instruments were located one-meter above the ground
about six feet apart, the ionization chamber on a tripod and the survey meter
hand held. A preliminary survey using the pR meter was performed at each cali-
bration site to insure that contamination levels were uniform in the vicinity.

Each calibration test was run for one hour during which an integrated
reading was obtained from the ionization chamber and several equally spaced
readings were taken with the uR meter. Table D-1 shows the data obtained from
the measurements. Error bars represent the *+ 2o distribution about the mean
of the several pR meter readings.

Both instruments had been tested and calibrated (using a Ra-226 source),
by the Instrument Evaluation and Calibrations group at PNL just prior to the
tests,

The Reuter Stokes ionization chamber is not as sensitive to the energy
distribution of the gamma field as is the survey instrument, which uses a Nal
crystal for radiation detection. It is estimated that errors due to laboratory
calibration of the Reuter Stokes chamber are less than 5% (Operational Manual
R55-111 Area Monitoring Systems, Rueter Stokes Instruments, Inc., Apri) 1977).

The correction factor was determined by graphing the readings obtained
from the two instruments (Figure D-1). A straight 1ine was drawn through the

D.1



data points using the least squares approximation. The slope of the line was
calculated to be 1.25, and with a coefficient of determination of r2=.97, the
fit of the line to the data was judged to be adequate.

Corrected values were then.obtained by multip]ijng the R meter readings
by 1.25. . ) e

TABLE D-1. Comparison of Reuter Stokes Ionization Chamber and
: Ludium R Survey Meter Readings

Indicated Exposure Rate {uR/hr)

Shoreline Location Tonization Chamber MR_Survey Meter t 2¢
Near Vernita Bridge 9.2 5.4 + .8
H-Area Slough 16.5 13.8 2.4
Richland Marina 13.9 ' 12,1 = .4
Hanford Townsite 19.1 18.8 = .6
Peninsula |

F-Area Slough 13.6 . 116t 4
Across from Wooded Is. i9.2 17 £ 0
Park Street, Richland 13.7 11.3 £ 1.0

e 12002 12, A4

™~
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LUDLUM uR METER (uR/hr)

20 |
15 |-
i SLOPE = 1.25
10 r2 = 0.97
5 L
I | i . 1
5 10 15 20

REUTER STOKES |ONIZATION CHAMBER (uR/hr)

FIGURE D-1. Field Calibration of the Ludlum uR Meter
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APPENDIX E

ANALYSIS OF DISCRETE PARTICLES

Three "Discrete Particles", recovered from D-Island, were analyzed by the
Physical Sciente_group at PNL. The three'particles/were'random]y chosen from
a set of 14 particles retrieved for radionuclide afialysis. The particles were
visible to the naked eye - appearing as dark colored flakes and were of simi-
Tar size and shape when viewed through a microscope (Figure E-1). Radionuclide
analysis of each particle by the Radiation Monitoring group at PNL using a Nal
detector coupled to a multi-channel analyzer showed gamma emissions to be
purely due to 6060. No attempt was made to determine the ex1stence of trace

quantities of other rad1onuc11des

Composition of the particles was determined by energy dispersive ghalysis
using a Materials Analysis Electron Microprobe Model 4005 and an EDAX Li-
drifted silicon x-ray detector. The elemental composition of the three parti-
¢les varied; however, each particle contained significant fractions of
chromium, jron, and cobalt, in ratios reasonably close to the range of d1str1-
bution of these elements in the alloy, stellite.

Analysis of Particles

Dimensions {mm) Elemental Composition (%)
Particle Major Axis Minor Axis Cr re Co 51 M Ir
1 0.16 0.10 4] 21 12 3 - -
2 0.16 0.08 38 7 32 2 2 1
3 0.11 .08 25 10 29 3 1 1

E.l




FIGURE E-1. Micro-photograph of a Discrete 6OCO Particle Recovered From
Ringold Island (magnified 500 x)
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SURVEY AND MEASUREMENT METHODS

Survey Locations

Areas were chosen for survey based upon the anticipated presence of con-
tamination using the 1974 Aerial Radioiogical Suryvey Report(l?) and prelimi-
nary 1978 Aerial Survey data. In addition, several other areas were surveyed
based upon their frequent use by the public. These areas include several
small beaches north of Richland, Two Rivers Park, Bateman Island, Ringold Sand
Dunes, and portions of the Richland shoreline. An exploratory survey was
performed along the shoreline of the Columbia River Park; however, there was
no indication of the presence of elevated contamination levels and as a result

a formal survey was not performed.

Areas which were surveyed are enclosed within the dotted lines 1in Figureé
4-12. Appendix A and B provide descriptions of starting and stopping places
for the river shoreline surveys and 2lso provides maps of Tand areas surveyed
using the grid system. '

Survey Techniques

A1l surveys were conducted on foot using portable Tow-level gamma radia-
tion detectors. The procedure for recording contamination levels remained
constant throughout the course of the survey; however, the degree of survey
coverage provided for individual areas varied depending on several factors
including; the size of the area, anticipated contamination levels, .iype of
area including location and geographical features, and manpower scheduling
constraints. Whenever possible, a formal grid was established for the area to
insure uniform coverage and to enable relocation of survey points at some time
in the future 'if desired.

Formal Grid Survey

The formal grid was laid out by first establishing a reference point.
This location was permanentily marked by a 5-cm diameter pipe driven intec the
ground. Grid points were then established at 90-meter spacings (except for
Island-345 for which the spacing was 15 meters). Maps of the gridded areas
are included in Appendix B. The grids were oriented from the reference point

OOE-A.cnians, wa



by either a compass bearing or a second reference point as shown on the maps.
With the exception of the surveys conducted on Islands 375 and 345, gridded
areas were surveyed by Tocating each grid point and arbitrarily choosing three
3mx3m(10' x 10') survey plots within a circle of approximately 30 meters
radius from the grid point. On Island 375, the grid points were used to mark
corners of 90 m x 90 m sections within which thrée 3 m x 3 m survey plots were
arbitrarily chosen and on Island 345, a .6mx .6 m (2' x 2') plot was sur-
veyed at each grid point. Two readings were taken for each survey plot: the
maximum exposure rate at one-meter above the ground and the maximum ground
surface exposure rate (Figure 13). The ground exposure rate was not reported
in the data Appendix unless it differed significantly from the reading taken
at one-meter (i.e., a discrete radioactive particle was located).

Informal Grid Survey o -

An informal grid was used when a systematic method was necessary to
assure uniform coverage of an area, but a fprma1 grid could not be established
(due to time constraints). Methods of establishing informal grids varied from
location to 1ocation,lbut assured that coverage was at least as eguivalent as
that provided by a formal grid, that the survey plots were evenly distributed
over the area, and that shoreline areas received special consideration. The
informal grid was most often used for long, narrow islands.

Shoreline Track Survey

The shoreline track survey method was applied to river shoreline surveys
where the shorelines were narrow (i.e., all areas except for large low lying
shoreline regions on floodplains and peninsulas which were surveyed using the
grid method}. The shoreline survey usually consisted of three tracks running
parallel to the shoreline. Surveys were made on .bmx .6 m (2! x 2') plots
at 15-meter intervals along each track. At each plot, two survey instrument
readings were obtained just as in the grid survey. Track 1 was always located
closest to the water's edge along a path midway between the water's edge and
the daily high water mark. Tracks 2 and 3 were spaced 15-meters and
30-meters, respectively, inland from the track 1 path,.

19
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General Survey

General surveys were conducted on very small fstands and peninsulas and
on the beach areas. The surveys were performed using 3 m x 3 m (104 x 10')
survey plots randomly distributed over the area.

Measurements

.

Field contamination measurements were made using a portable Ludlum
micro-R meter Model 125 survey instrument. The micro-R meter is a small hand-
held, battery powered device incorporating a 2.5 c¢m x 2.5 cm NaI{T%) crystal
to detect gamma radiation emitted by the radioactive contamination. The
instrument readout is in units of pR/hr based on laboratory calibration using
& Ra-226 source. The surveys were performed by the Environmental Monitoring

personnel of the Pacific Northwest Laboratory (PNL).

Maintenance and calibration checks were performed throughout the survey
by the Instrument Calibrations and Evaluations group at PNL. Calibration and
maintenance records are maintained by calibrations personnel. Prior to use
each day, each instrument was given an informal battery and background check
by the Monitoring personnel.

During the survey, it became apparent that the survey instruments were
sensitive to small changes in battery charge, in that during a survey, a
gradual decrease in the efficiency of the detector was observed as the
batteries weakened. The maximum change in instrument efficiency observed
during a survey was 50%; however, in most cases efficiency changes ware of the
order of only a few percent. This did not affect the capability of the instru-
ment to respond to increases in radiation Tevel associated with the presence
of 2 contamination deposit or discrete particle, although in some cases it
caused the instrument reading to be hiased iow.

The survey instruments were found to be highly sensitive to the Tow-energy
gamma radiations resulting from the scatter of the higher energy source
emissions from the cortamination with nearby objects such as rocks,
vegetation, and the instrument user. A correction factor was established to
account for the gamma energy distribution encountered under field conditions

21



RESULTS AND DISCUSSION

GENERAL

LS
|

_ A total of nearly 30,000 individual measurements were made during the
performance of the survey. It is estimated that 21 million square meters of
land, or approximately 60% of the affected area_bé{ween B~Area and Two Rivers
Park in_Fin]ey,fgzgcéccounted for by the survey. 1In all, 64 km {40 miles) of

shoreline and 26 islands were surveyed. '

Data obtained during the survey are presented in Appendix A for surveys
made on islands, peninsulas, sloughs, and flood plains; and in Appendix B for
shareline surveys. This data is summarized in Tables 2 and 3.

Contamination found along the Columbia River shoreline and island areas
can be categoriied“£§ one of three types with respect to its distribltion:
1} "discrete particles" of GOCD contamination, 2) “contamination deposits";
i.e., regions of varying size with contamination levels significantly higher
than adjacent areas and 3} a uniform layer of contamination deposited over a
large area. For the purpose of definition, the term "discrete particle" was
applied to contamination in which the radiation appeared to be emitted by a
point source (i.e., the instrument reading would decrease rapidly as the
instrument was moved away from the apparent source). Areas designated as
"contamination deposits" refer to regions in which the measured exposure rate
at one-meter above the ground exceeded an arbitrarily chosen value of 25 pR/hr.
The level of uniformiy distributed contamination is expressed in the tables by

the average(a) of the individual exposure rate readings taken at one-meter

{2} In computing the average exposure rate for island, slough, peninsula, and floodplafn
areas, all individual survey measurements were included. For shoreline regions, in which
the survey was performed by walking tracks parallel to the shoreline, a biased average
was used. The biased average was calculated by considerirg only the maximum of the three

. instrument readings (ane for each track} at a particular location along the shoreline in
the calcuiation of the average exposure rate. The biased average expasure rate was
intended to prevent data recorded at survey points located high on the river bluff which
had not been exposed to contamination-bearing river water and hence, not a member of the
popuiation under study, from being included in the calculation of an average exposure
rate for that poputation. It was frequently the case during the survey, that the river
bluff would closely approach the shoreline such that two tracks would be on the bluff,
well above the river. This technigue results in a slight overestimation of the average
exposure rate,
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TABLE 2. Summary of Survey Data: Island and Broad Shorelines

Location with Elavatad
(a) Number , Readingsib) {>26 LR/hr
Exposure Rate, uR/hr Numoer Discreta @ | Meter Above Ground
Y 1 Meter Abaove Ground Im x 3m - Particies 2 {max yRfhey location;
Survey Area Averaqe = o Haximum_ Survey Plots Found Particle/m tarrain]

Coyate Rapids Pen. LR 9 4 0. ) -
ts1and=377 (D-Isiana)®! §:1 125 4 i 5.4 x 1077 l!i 1253 At Vent Pipes
D-Area Floodplain 12 =4 21 298 7 3.7 x 1o=v -

3 $

Island-376 10 = 2s 4 3.9 x 1072 25; Interigr of down-
stream half; rocky,
ng vegation

Island-375 9 - 19 210 10 1.5 x 10-2 -

Island-373 A 15 25 8 ! 1.8 a 107 25, upstream nalf of
island just above
daily high water mard;
rocky, sparse veget.
ation - particles found

. nearby

Is12nd-373 8 : 11 = 2 25 21 2 1.0 x 10°¢ [:] 25; Near downstreamend
of island; rocky, no
vegatation, particles
foung nearby s

[l
id LS

Upper [sland-372 (Locke 1) -4 25 142 8. 6.0 x 1077 [5] 25: Grid section 3C;
. Racky

(5] 25: 6rid sectian &C:
Rocky

2%, Grid section 9C:
Roecky

Lower Tsland-372 {Locke ) 1222 18 452 4 9.4 x 107

white Bluffs Slaugh 15 = 4 40 219 2 9.8 x 10~ 29, Grid section 44;
: Chaatgrass

28; Grid section 5A;
Cheatgrass

25 Grid saction B4
Cheatgrass

43; Grid ssction 223
Low, grassy area

38; Grid section 2343
Low grassy area

26; Grid saction b3;
Grass and dirt

25; Grid section 1P,
Rocky
25; Grid section 118
Rocky

25; Grid section 178;
Rocky .

2% Grid section 2C;
Aocky

25%; Grid sectfonm 4C:
Racky

22, Grid sectiom &5
Rocky
1sland-368 9:-12 13 62 5 1.0 x 107¢ -

F-Area Flgodplatn =4 A 725 10 4,7 x 107!

S A E
DEEERRE @R EBEF

2% Grid section 30
arassy

i1, Grid section 113:
Rockv with jrass; 2
sarticlas found nearoy

HE
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TABLE 2.

Survey Area

Summary of Survey Data: Island and Broad Shorelines (contd)

Location with Elevated
{a) Numper Readings{b) (»25 uR/nr
Exposure Rete, uR/hr Humber Discrete @ 1 Meter Above Ground
1 Meter Above Ground im x 3m Particles : 2 fmax uR/he; Jocation:
Average & & Maximum  Survey Plots Found Particle/m terrain]

Isiang-3&7

Island-3587 A
F-Area Slgugh

Isiand-346
Istang-365

13:3 25 187 13 7.8 x 1073 25; Region{3};-
4 =1 4 7 25; Pegion{3);-

Nea 26 725 A - -

<8 1.2 x 1073 265 Interior of
Region {1); =
26; Region (1) near
water;
25; Ragion (2) near
water; High vegetation
25; Region (4); Grassy
25, Region {4); Grassy
28; Region {5}, near
shoreline, approx.
730m Snuth of K.E.
Corner; -
28; Region {5}, near
shogeline, approx.
830m South of N.E.

Corner; Grassy bank -
particies found nsarby

HE DREEENREEH N
u -4 o LN i ra

[
o

B
E

25: Region {5}, approx.
750m South gf N.E.
Corner and 15m abave
daily high water mark:-
25: Regioms {5}, approx.
830m South of N.E,
Corner-and 15m abave
daily high water mark;-

L
3

Ly
b

28; Region (5}, approx.
920m South of N.E.
Corner and 15m above
daily high watar mark;-

25, Regfon (S}, approx.
320m countar clockwis
from North Point,

. along shoreline;-

10 =3 18 153 15 1.1 x 10-% -

10 £ 1 13 38 z 5.7 x 10°} -

fat
B
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TABLE 2.

Survey Arsa

Exposure Rate, uR/nr
1 Meter Above Ground

Average = J

Ma x 1mum

Summary of Survey Data:

Rumber
dm x 3m
Suryey Plots

Island and Broad Shorelines (contd)

Numbar
Jiscrete
Particles

Found

Particle!mz

Locatian E}th Elevateg
Read{ngs( (=25 uR/hr
@ 1 Mater Above Ground
[max uR/hry lacation;

te_rra i f'l

Hanford Townsite Pen.

Savage [sland Slough
{Upstream end)

savage Isiand 5Tough
{Gravel Bars)

Islang-355 (Ringald I}

{eland-353

Island-352

Ringold Peninsula

leland-35Q

Island-345 (N. Wooded Island)
[sland~348 (3. Wooded [sland)
{eland 348 A

12 2 5

n
1o
1
1
10
12

I+

[ U PSR S T P L A

i8

5

15
23

20
15
20

15
231
23

483

1z

20
1533

253
740
216
262
129
Elox)

34

26

2

=4

o e
o D

4.4 x 10~

L]

»

10-1

10-2
g3

19-3
1573
10!
10-1

19
10~

35

; a [ li
.ll (=1 2 i

5

25, Grid section 13E;
Brushy

25, Grid section 14E;
Brushy

25; Grid section T5E;
Arusny

25; Grid section 18E:
Brushy

25; Grid section 17E;
Brushy

28; Grid section 18E;
8rushy with willows

i0; Grid ssction 19E;
Brushy with willaws

25; Grid section 26E;
an shareline, particies

“found at waters sdge

nearby

25; Grid section 13?;
Rocky with medium
vegetation

25; Grid section 14F;
Qead treas nsarby

33; Grid section 15F;
Oead tresc naarby

25; Gria section 20F;
High vegeration

25; Grid section 21F;
High vegetation

25; Grid section 16G:
High vegatation

35, Grid sestion 3C;
Rocks and weeds

25; On West bank,
§50m 5. of N. tip of
Island near boat
Landing beach; Rocky
With low vagetaticn



TABLE 2.

Survev Area

Summary of Survey Data: Island and Broad Shorelines (contd)

Location with £lsvatad

(a) Numper Reagings{b) (>25 R/hr

Exposure Rate, uR/hr Number Qiscreca . @ 1 Meter Above Ground
1 Metsr Above Ground 3m x 3m Particies {max uR/hr: location;

Isiand-345

Island-344

Island-342 (Third Island} 1M =«2 23 523 h!
Beaches North of Ricnland IO‘f) 25 - _ o -

Is1and-330

Esland-339 (Nelsan I}
Richland Marina

Bateman 1sland Beaches
Island-333

I1s12ng-332
Two Rivers Park

——

in Appendix

H
! 3
Columbia Pt., & WD-Track Area 112 15 24
2
5

Average = 3 maximum_ Survey Plots Faund Particle/mz torrain

13235 736'%) 0 - 267 N.E. Quadrant,
Track 1, 15m from
f/” . Starting,point; -

26; N.E. Quadrant,
Track 1, 30m from
Starting pointi -

29; M.E. Quadrant,
Track 1, 75m from
Starting paints -

281 N.£. Quadrant,
Track 1, 150m from
starting point; -

28; N.E. Quagrant,
Track 1, 200m from
-- = Starting point

26: 5.W. Quaarant,
Track 3. 170-210m
From Esart1ng paint:

258; $.W. Quadrant,
Track 5, 380-4T10m
From starting point

38; Section 20 on W.
Sige of [sland; particles
found nearby

o= . -

25; On upoer reaches
sandy beacn on lawer

E. side of Third Is.
where black $ilty
Matarial was depositedin
Bands parailel to waters
edqe; =

=

-

EE B B B R

EHE

o
ny

8=x2 38 102 1 1.1 % 1g~?

(=1
—
t]

o
Lok
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Survey Location

TABLE 3.

Exposure Rate, uthr(i}

Summary of Survey Data:

7 Mecar dbove Ground

Average Hiased =3

Number of
0.5m x G.6m
{2 x 2'})
Maximum  Survey Plgts
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Found

Narrow Shorelines
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ReadingsiS) (>25 uR/hr
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TABLE 3.

Survey Lacation

Summary of Survey Data:

Exposure Rate, uR/hr(a)

1 Meter Abova Ground

Average Biaseq =g

Number pf
0.6m x 0.6m
{zr x 29}
Maximum Survey Plots

Numbar of

Discrete

Particles
Foynd

Particles/m

2

Narrow Shorelines (contd)

Arezs with Elevateq
Readings(c) (>25 uR/nr
1 Meter Apaove Ground)
fmax uRfhry length of
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Hanford Townsite Slough
Hanford Townsite
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TABLE 3.

Summary of Survey Data:

Narrow Shorelines (contd)

Arsas with Elevated

(a) Numger af Number of Readings{c) (»25 uR/nr
£xposure Rate, uR/hr 0.6m z= 0.5m Discrate | Mater Abgve Ground)
| Meter Above Ground (2" x 2*) Particlas 2 (max uR/hr; lengtn of

Survey Locatign Average Biased xd  Maximum Survey Plots Found Particlas/m depasit: location]

North of 300 Area 132 6 92 O{FJ - (ﬁé} 257 15m; Approx.

' 7 370m upstream of
~ starting paint

281 15m; Approx,

460m upstream of
. ] starting ponint

North of Graduate Center 1M =3 18 284 a - -

Narth af Richland Pumphouss =4 25 17 0 - [i&; 255 46m; Approx.
460m uypstream-of
starting point

Saint to Snydar St,

{Richiang} PN 10 H| ] - -
Thomas to Park St.
{Richland) 10 22 18 378 o] - _

East Shore Across from ) '

Hanford House 12 22 19 378 a - - - :

(a) Correctad for field calibration

{b) Survey plots measured Im x Im

c} Appendix B -

Ed% Nﬁzbers in Acorrespond to further information in the Appendix
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above the ground within a designated survey area, but échuding any readings
indicative of the presence of a "contamination deposit" or “"discrete particle".
Figure 14 pictorially represenis the three categories of contamination reported
in the tables. '

UNIFORMLY DISTRIBUTED CONTAMINATION Va

rd

The uniformly distributed layer of contamination appears to remain at a

fairly constant Tevel slightly above background over the stretch of exposed
riverbank shoreline extending from B-Area to the endpoint of the survey at the
Snake River confluence (see Figure 15). An avérage exposure rate for this
.stretch of the river based on the portable survey instrument readings is 11 +
3 wR/hr (96 mR/yr). A background exposure rate based on 30 readings taken
along a 300 m section of shoreline upstream of the Vernita Bridge (i.e.,
upstream of any potential sources of Hanford introduced cuntaminat?on)
indicates a background of 7 + 1 uR/hr (61 mR/yr). This measured background
exposure rate agrees favorably with background external radiation measurements
reported in the 1978 Hanford Environmental Surveillance report.(ls)

Samples of soil and vegetation were collected at six sites along the
shoreline at which contamination levels below 25 uR/hr at one meter above the
ground were recorded. Table 4 shows the concentrations of the predominant
long-Tived man-made radionuclides found in the samples. Naturally occurring
radionuclides were present at normal concentrations and accounted for the
majority of the gamma-radiation emitted by the samples. With the exception of
the soil samplés taken at N-Area and the Hanford Townsite Peninsula, 13765
concentrations were at levels attributable to world-wide fallout as reported
in the 1978 Hanford Environmental Surveillance Report.(ls) Cobalt-60 and
Europium-152 were not identified in samples of soil and vegetation taken off-
site and away from the river as part of the routine Hanford environmental
surveillance program and thus are assocciated with Hanford operations.(lﬁ)

CONTAMINATION DEPOSITS

Twenty-eight areas with measured exposures rates of 25 uR/hr or greater
were identified along the riverbank shoreline and 64 areas were identified on
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TABLE 4. Concentrations of Man-Made Long-Lived-Radionuc]ides in
Soil and Vegetation Sampies Collected Along the Columbia
River Shoreline

Concentration pCi/gram {(wet wt.)

Location _ Co-60 {s-137 Eu-152

Exposure Rate <25 pR/hr

N-Area Shore ,/’
Vegetation 1.0 0.09 ND
Soil 7.4 2.9 ND
F-Area Slough
Vegetation ' ND 0.04 ND
Soil 0.29 0.52 0.33
Hanford Townsite Peninsula
Vegetation ND ND ND
Soil ' 1.5 1.3 3.0
Plant Shore Across from Wooded Island
Vegetation ND - ND ND
Soil | 0.20 0.23 ND
Richland Marina
Vegetation ND 0.08s ND
Soil 1.0 0.52 1.6
McMurray St. Shoreline ,
Vegetation 0.13 0.10 ND
Soil ' 0.88 0.44 0.65
Exposure Rate >25 uR/hr
H Area 5lough : _
Vegetation .11 4.1 .24
Sail : 6.0 19. 9.5
Hanford Townsite Slough
Vegetation .064 .64 .21
So1il 7.3 7.3 12.0

NOTE: Shorter lived radionuclides were also present in the N-Area Shoreline
sample. Naturally occurring radionuclides were present in normal
concentrations. Only gamma-emmitting radionuclides were considered.

ND - Not Detected
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islands, peninsulas, sloughs and flgodplains. A total of 3,450 m of shore-
Tine or 5% of the distance along the shoreline surveyed by the track method
was found to exceed 25 pR/hr at one meter above the ground. These areas
ranged from a few feet to 1,250 m in length. On islands and other land areas
surveyed by the grid systems, contamination déposjts varied in area from less
than 10 m2 to areas covering several adjacent 90"m x 90 m grid sections.
Approximately 5 x 10s m2 or 2.4% of the area surveyed by the grid system

was found to contain contamination deposits.

The highest exposure rates at one meter above the ground on the river
shoreline were measured along the B, K, N, and D Reactor areas. Exposure
rates as high as 800 pR/hr were recorded along the shoreline in a region which
extended from just below to approximately 1,250 m downstream of N Reactor,
A1l exposure rate readings taken in this area increased as the survé}
instruments were raised away from the ground and as the high riverbank bluff
in this area was ascended towards the reactor facility; therefore, the high
radiation Tevel in this area was determined to be due to scattered gamma rays
(skyshine) from several of the N Reactor radwaste storage and transfer
faciiities and not to surface contamination. The highest radiaticn levels
found along B, K, and 0 areas, 125, 250 and 63 uR/hr respectively, were
measﬁred below the now inoperative reactor effluent retention basins and as
such were also probably not the result of river deposited contamination.

The highest exposure rate measured on an island was 125 wR/hr on
Island-377 (D-Island). This reading was taken where vent pipes for the D and
DR reactor cooling systems penetrate the ground surface near the upstream end
of the island. As in the previously menticned areas with high exposufe rates,
the radiation levels measured were not due to river deposited contamination.

Areas found to contain the highest levels of river deposited contamina-
tion were in the While Bluff STough, where exposure rates at one meter.abOVE
ground reached 40 pwR/hr in one Tocation and 38 pR/hr in another; on the
Hanford Townsite Peninsula in which an area reading 45 uR/hr was located; and
on IsTand-344 {near the 300 Area) at 38 wR/hr. The remaining contamination
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deposits were in the 25-30 pR/hr range and appeared to be rather evenly
distributed as far downriver as the survey was conducted.

In general, contamination deposits were most freguently found in flat,
densely vegetated areas at an elevation several feet above the daily high-water
level. Field measurements using a Reuter Stckes )onization chamber were made
in a heavily vegetated area on the Hanford Townsite Peninsula to determine if
the increased readings were due to the uptake and concentration of radionu-
clides by the vegetation. The measurements showed only a 15% reduction in the
exposure rate foliowing the removal of all vegetation flush with the ground
within a 3 m radius circle around the instrument.

Samples of soil and vegetation taken from two areas classified as “con-
tamination deposits" show the same radionuclides found in areas with Tower
contamination levels, but at greater concentrations (see Table 4). The con-
centrations of all radionuclides identified in these samples are above levels
associated with worldwide fa]lout.(ls)

DISCRETE PARTICULATE CONTAMINATION

Discrete particles of contamination were found in 188 places between;
B-Area and Two Rivers Park near the confluyence of the Snake and Columbia
Rivers. Unlike areas with contamination deposits, which were more fregently -
located in areas of dense vegetation, the majority of the discrete particles
were found in rocky, fiat areas with little or no vegetation. The two types
of contamination therefore appear to have been distributed along the river in
a mutually exclusive manner.

The number of discrete particles found in each survey region is given in
Tables 2 and 3. Information pertaining to the specific Jocatfon of each

- particle is provided in Appendix A and B. Instrument readings were recorded

at the ground in addition to one meter above the ground at each particle loca-
tion. These readings, which are given in the data Appendices, should be con-
sidered only an approximation of the actual exposure rate at the ground surface
since the depth of the particle, and hence the gamma energy distribution and
source-to-detector geometry were unknown, and a valid correction factor could
thus not be determined.
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With the exception of 14 particles recovered from D-Island and Ringold
Island for special study, none of the discrete particles were removed from
their original location. Laboratory analysis of these discrete 14 particles
with a NaI(T%) muitichannel analyzer identified the gamma'radiations'emitted
to be entirely due to ®Co at activities ranging from 1.7-24 uCi (see
Table 5). ' /

~

When isolated, the particles were barely visible to the naked eye, appear-
ing as small, dark colored chips or flakes of roughly equal size. Microscopic
examination of three particles showed them to be metallic appearing flakes
with diameters of approximately 0.1 mm-(see Figure E-1). The particles were
found to vary in elemental compasition, but all contained significant propor-
tions of chramium, iron, and cobalt (see Appendix 0} characteristic of the
allay stellite, used in valve and pump components in all of the production
reactors. - -

Nine of eleven-particles were found above the daily high water Tevel,
indicating deposition occurred during a period of extremely high river flow.
Particles were found at depths up to 5" below the surface, mostly in the sandy
interstices between rocks, although c¢ne was found to have been deposited '
within a small crack on the side of a rock {see Table 5),

The particles were mare heavily concentrated on islands, especially those
with large rocky, unvegetated areas. Fewer particles (37 as compared to 151)
were found on shoreiines, sloughs, flocdplains, and peninsulas where there was
more vegetation, The small number of particles found in many'of the areas
precludes an accurate quantification of particle distribution, It does,
however, appear that the number of particles found per square meter of ground
surveyed decreases as one travels downstream from the reactor areas.

The highest concentration of discrete particle contamination was found on
the group of islands between D-Area and Locke Island. These islands are all
characterized by large, level, rocky areas with 1ittle or no vegetation. Com-
parable concentrations of discrete particles were found on Island-368 and
Island-366 near F-Area and on Island-339 (Nelson Island) near North Richland.
These islands are alsc characterized by large, flat, rocky areas. '
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TABLE 5.

Particie Location

Discrete

Description
of Area

Upper end of
0-Island 30' above
OHWL

Upper and of
Q-Island 25'
OHWL

Upper end of
D-Istand 30'
DHMWL

Cove at upper end

of D-Island, below
OHWL . —

50 yds downstream

of cove 40° below DHWL
D-Isiand 75' above
DHWL
D-Island 50°
DHWL

Upper end of
Ringaid Island, 80'
above DHWL near
center af [sland
Upper end of
Ringald Island 30°
in from DHWL {~.2'
verticle above
DHWL )

tpper end of
Ringold Island 20'
in from DHWL (v2'
verticle above
OHWL}

Upper thirg of
Ringold Island 13'
above DHWL .
Ringold Island
Ringoid Istand
Ringeld Island

above

sbove

above

NR - Not Recorded

Rocks 1-8" dia.

sparse weeds

in area, gradual
siope

Sand, rock 1-5*

dia, flat

Rocks 1-8" dia.
sparse weeds

Rocky, gradual
slope

Rocks to 6" dia.
Sand, rocks, law
vegetation
Large racks

Small rocks, sand

Rocks 2-6" dia.

“Rock to 1", sand,

sparse vegetation

Small rocks 1",
sand

Rocky
Rocky
Rocky

OHWL ~ Daily High Water Level

Micro-R Meter Readings, uR/hr

im abave

Surtace

6UC0 Particles Recoversad froﬁ Island-377
(D-1sland and Island-355 (Ringold)

General  ground at of ground Demth  60Co
Background Particle above Below Activity
in Area Location Particle Surface {uCi}
10 18 210 KR NR
10 13 500 NR 16
10 18 1400 2" 14
9 12 100 3 1.7
8 1% 1000 D Vi 6.6,

23

14 26 700 5" - 21
10 20 1600 Surface 9.9
8 12 BOO 112 13

9 110 580 1 1/2" 12

NR 8 180 AR 6.5

C 10 12 300 NR 2.5
NR NR NR NR 9.7
HR NR NR NR 1.7
HR NR NR NR 24
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COMPARISON WITH AERIAL RADIOLOGICAL SURVEYS [ARMS)

In general, the present survey showed good agreement with the 1374 ARMS
report and with preliminary resuits for the 1978 aerial survey. Both surveys
indicated that the areas cantaining the maximum levels of river deposited con-
tamination were located along the H-Area Slough apd on the Hanford Townsite
(17) It is felt that the use of the Aérial survey as a basis for -
choosing the particular areas to be included in the ground survey was appro-

Peninsula.

priate.

Two aspects regarding the use of aerial monitoring techniques for
performing a definitive contamination survey of the Columbia River shoreline
areas should be noted. First, the loss of spatial resolution by lTocating the
detector well above the grodnd surface (45 m) prevented the detection of ‘
discrete particulate contamination. Second, the presence of water w;thin the
detector 'field of view' greatly complicated the measurement of background
terrestrial radiations aleng the shoreline and prevented the measurement of
the net gross activity due to Hanford produced contamination. For this rea-
GOCo, and where detectable, 13765 con-
centrations. Europium-152 could not be measured with the Nal detectors used
in the survey due to spectrum interference and; as a result, the actual radia-
tion level due to the contributions of all the individual radionuclides
present could not be determined.

son, the 1974 survey reported only
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CONCLUSTONS

Measurable radionuclide contamination resulting from past Hanford
operations is still present along the shore of the Columbia River downstream
from the 100-B Area. The absence of short-lived radionuclides in the shore
sediments and the pfesence of contamination sevgpa1 meters above current
maximum river levels indicate that the material was deposited some years ago.

The predominant radionuclides present in the sediments are SOCO, 152Eu and
137
Cs.

Contamination on theIExposed shore and island surfaces is present in
three types of distributions:

« A fairly constant, uniform distribution of contamination, producing an
exposure rate reading of about 11 puR/hr (including approximately 7 wR/hr
background) exists over much of the study area.

o Localized areas of concentrated contamination or "contamination
deposits” producing exposure rates in excess of 25 pR/hr were observed
at 92 locations, primarily in areas of heavier vegetation.

» Discrete particles containing 50C0 were observed in a number of areas,
primarily in flat, rocky areas devoid of vegetation.

External dose rate from the uniformly distributad contamination and the
"contamination deposit" types of contamination are below applicable external
radtation protection dose limits for uncontrolled areas. Based on past
surveys of river usage, the maximum individual has been established as a
member of the public who spends 500 hours per year on the shore of the river,
Were that individual to spend the entire 500 hours at the highest measured
contamination deposit logcation (45 pR/hr), the resulting whole body dose would
be about 20 mrem above the approximately 100 mrem which would horma]?y be
received during a year by a local resident due solely to naturally-occurring
radiations.

The discrete particles present a somewhat different situation, radio-
togically. In the event of direct contact with a small source, the beta
radiations and the extreme nonuniformity of the radiation field in the ex-
posed tissues become the primary considerations., In such a situation, the
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usual dose-response relationships become invalid; and in féct, the effective-
ness of the radiation in producing damage in the organism is significantly
reduced. Although no definits statements can be made without additional data,
currently available information on the particle sizes and activities suggest
that deleterious health effects due to the particles are most unlikely.
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APPENDIX A
DATA - ISLANDS AND BROAD SHORELINES



