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ABSTRACT

| EVALUATION OF DISCHARGING RADICACTIVE
“AgQES INTO FRESH WATER STREAMS

by

R. B. Eall and R. H. Wilson
Environmental Studies and Evalustion
Radiation Protection Operation
Hanford laboratories Operation¥*

-

‘Radicactive waste releases are evﬁlnated asgainst national
standards for radi#tion dose to people. One of several
sources of potential radiation exposure results from waste
releases to fresh water sfreams. The principal mechanisns
of exposure are through drinking water, fish, irrigated
crops, and recreatiopal use ofvstreamg for svimming,and
boatiné; ~Béloirhthewﬂﬁr'i‘t.’o‘rd rééétors, éach‘potential source

is meagured and its contribgtion to total exposure evaluated

- to assure that this exposure remains below established limits,

' APPROVED FOR
PUBLIC RELEASE

* Work performed. under Contrect Nd.‘AE(&BQi)-1356'bétween the

. Atomic Energy Commission and General Electric Company.
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. INTRODUCTION

Radioactive wastes’represantla comparatively recent problem in vthe area
of liquid effluent management. Consequently, the propriety of releasing such
wastes into the public domain is sometimesl questioned by those who are not
thoroughly femiliar with the high degree of ':eliabiiity with which the
potenf.iél effects of the releases can be evaluated. Although radicactive
effluent problmﬁs have existed tdr less than a decade ,. the technplogy for
monitoring the releases and stendards against which environnj:entéi conditions
can be appr#ised are much better developed than for virtually any other type
of waste, |

Since the first recognition that large dosea' of lonizing radiation were

‘harmful some sixty Yyears ago, & eontimxing research erfort ha.e been eimed

et identifying the kinds of erfects > developing an: underste.nding of how they
are produced, and relating effects to the quantity of radiation involved.
Extensive experience in the use of X-rays and other types of radiation by
the medical profession has added immensely to the mnd‘ of knovledge, and the
entire program has been a.ccelerated greatly since the advent of the a.tdmic
age and thg wide use of radioisotopes in research laboratories and industry.

Over thirty years ago the National Committee on Radiation Protection end

~ Measurement (NCRP) issued recommendations applicable to persons working with

N

sources of radiation. These recommendations have been updated on several

occasions as the repidly accumulating fund of knowledge permitted refine-

‘ments. (1) Quite récently, a nev authoritative group, the Federal Rediation

Council has contributed its guidance.(e’ 3)
‘ The recomendations of the NCRP and the FRC applicable to rediation
workers fix maximum expoaures at levels which eare not expected to result in

any discernable bilological effects even 1f continued throughout the life of
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en individual. Since ell radiation is considered to be additive in ultimately
producing some effect, it is not possible to stalté categorically thaj; there
is a zero probability that some few individuals out 61’ many thousends will
not be slightly affected at some time during their 1ife. The odds in favor
of the appearance of even small effects are so low, howevér, that the risk

is cons;dered négligible. :

Subsequent to the development of standards for exposure of rediation
workers, the NCRP issued mcomendé.tions appliceble to persons living in
the neighborhood of e.tom;lc energy plante end other ereas vhere rediation
sources are controlled. Similarly, the FRC has 1ssued radiation protection
guides for the general puialic. For the most part, the recomendatibns for

the public are on the order of one-tenth of those applicable to radiation

vorkers. It is against the conservative standards for the general public

‘that radiation exposures occasioned by the release‘of radicactive effluents

are evaluated. In spite of thelr very low levels, it is practical to meas-
ure such exposures quite accurately with the sophisticated electronic equip-
ment now availeble.

EVALUATION OF RADIATION EXPOSURE

Every individual receives radiation exposure from a number of _different
sources. Some of these are referred to as “natural background" because they
have always existed in nature and are quite 1ndependent of the artificisal

sources added by man. Included in the background are the natural radio-

,li.sotopes of potassium,. carbon, and faﬁium, and the exposure which results

from cosmic rays. The natural background is excluded from consideration

in the eveluation of exposure from man-made sources. Radiation administered

by doctors and dentists, termed "medicel exposure", is also excluded from

congideration. People should ‘recog"nize » however,’ that the rediation dose
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which they receive from medical exposure quite éften exceeds by & substantial

ma;rg:ln the amount which is specified in standard; ’for non-medical v‘so\;rces.
Another source which is widely publicized at this time 1s fallout from

weapons testing. Many of the radioisotopes in fallout are identical with

ones which enter the ehvironment with efﬂuents from atomic energy plants

end can not ‘be} di‘stinguished'from thenm excépt by variations in quantities.

At this time it is not entirely clear whether or not the ;adiation dose

from fallout should be included in the eveluation of exposure result:_l.ng

| from an atomic energy plant. The body, of course, does not distinguish

between the ‘two sources.

Effluents from atomic energy plents may contain a number of differen_t
kinds of radioisotopes. In the case of liquid effluents discharged to
streams, these isotopes can constitute small sources of exi:osure to people
who use the stream for ‘swimming or boating, who drink the water, who eat
fish or\waterfowl which have accumulated the radioisotopes from the water,
or who eat farm produce which comes from fields irrigated with water from
the stream. Some few people may have dieta:py. and recree.t:fohal habits which
embrace all of these potential sources, ‘a.nd in this event the several small

doses must be added together to obtain the total. More likely an individual

~ will receive exposure from only one or two of these sources , and a great

many people will not come in contact with the radioactive material at all,
even though they live in the near vicinity. )

Not all of the redioisotopes which are taken into the body with food
or water behave in the same manner. Many wiil pass through the gastro-
intestinal tract with very little assimilation. Others will be readily
assimilated and circulate in the ‘E)lood throughout the body. Some will be

deposited in the bone, others will accumulate preferentiaily in other organs
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and remain for & few days or months before being eliminated along with other

natural body wastes. The amount of radiation exposure received by various

'pa.rts of the body will, therefore, depend upon the kinds of radioisotopes

taken in, the intensity of the radiation which they emit, and the length

of time they rema.in in the body. For this reason, a separate limit has

been established for each different isotope, and in suming the contribu-
tions from several isotopes, one must con'éider the pe.rticular body organ

most involved. This complicates the task of evaluating the over-all exposure,
but satisfa.ct&rjr eétimates_ can be obtained in a :elgtively straightforward
manner once the varigms radiolsotopes present héiré been identified.

The limits fbr a few radioisotopes where the source is considered to

~ be drinking water are listed in Table 1. For comparison, the ponventional

limits for the non-radiocactive form of these same elements are also 1nc1uded.(l*)
Obviously it would be impractical by ordinary chemical procedures to measure

the very sma.ll quantities of the radionuclides if present at the permissible

" level, nor could the radioisotopes be distinguished from the non-radiocactive

isotopes of the same eleﬁent. With the use of radiochemical techniques,'
however, small fractions‘of the permissible con_centra.tions can easily be
measured. |

Because the standards established for radioactive materials are set at
levels which are not expected to cause any signiﬁca.nt effect even 1f the
radiation dose was cumilative throughout the life of an individual, substan-
tial short tefm variations in the rate at which the exposure vis recelved are

unimportant. For this reason there should be no concern if off-standard
‘conditions should exist for a few day's or few week's time. A specific part

of the recommendations of both the NCRP and FRC is that exposures can be

averaged ovéi' the period of one year.
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TABLE 1

. QUANTITATIVE COMPARISON OF DRINKING WATER LIMITS -
USPHS DRINKING WATER.STANDARDS (IWS)
~vs_NBS HANDBOOK 69 LIMITS (MPC) FOR RADIOISOTOPES IN WATER

~ Chemical Comperison of Values (mz/1) Radioactive Form |
Constituent s (1 MPC ~ Nuclide MPC_(uc/cc) (2)
Arsenic 5x 1202 1x1012  asTO 2x105
Barium 1 x 10° L x 20711 pal*0 343075
Cedmium 1x1202° 6x1012  callS  3x1070
Chromiwm (cr*6)  5x202  2x209 o 2x107
Leed - 5x102 1x1010 @m0 3 x0T
Selenium 1x20% 2x109  gel 3 x 1074
Silver 5x10° 6x100 g™ 3x107
(1) Grounds forvv rejection of the supply.

Based on one-tenth of the maximum permissible 1imit for continuous
exposure to persons occupationally exposed - NBS Handbook 69.
- THE SURVEILLANCE PROGRAM AT HANFORD

Although the gréat bulk ‘of the ra.didactive ‘waste genérate’d by the
Hanford plant is stored in underground tanks or "fixed" in the soil above
the water table, relatively small quantities of ra.d:;og.ctive materiais do
enter the environment with stack gases'and the spent cool;ng water from
the reactors. (5) Evaluation of the potential exposure in the environs qf
the plant which i‘esu.lts from these effluents is‘ an important part of the
over-all ra.diafion protection Aprogra.m at Hanfoﬁ.‘ Thié peper is confined
to those aspects associated with the presence of the ‘reé.:.:tor effluent in
the Colmnbit;._River.

‘A part"of the .guzjireiua;ice program infolves. an sudit of the amount of

redioactive material ii‘q,le'a‘.s'ed with the reactor effluent. This r_equii'es
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1dentification of all of the significant radioisotopea pPresent and measure-
ment of their concentrations in the effluents from each of the eight reactors.
This data provides information on' what materials may be expected in the river
and fluctuations in amounta, but it does not provide the best basis for
evaluation of-exposu;c;to people outside the project.

A more extensive part of the surveillance program involves the iden-
tification of all 1mmortact eourcea~of radiation exposure to peoplc-living
outside the project and a system of samples and measurements to provide
-adequate estimates of the rcdiction dose which might accrue from each ot
these sources. This evaluation must takc into account the many uses which
are made of the Columbia River end the recreational anq dietary habits of
the people.

Figure 1 is a map of the area in the vicinity of the Hanford plant and
is provided for general orientation.

The region is semiarid with mild winters but rather warm summers. The
Columbia River flows east &and south‘througﬂ the reservation. The reactors,
vhere the radiocactive wabtes originate,‘are situated on ‘the south bank of
the river toward the north of the project. The first point of public access
to the river below the reactors is at Ringold, where there is sQme sports
fishing and where a small amount of water is pumped from the river to
1rrigate dbout 500 acres of fh:m.land water 1s also pumped from the river
to irrigate about 3000‘ac:es'3ust north of Pasco. Both the.cities of Pasco
and Kennewick use weter from the Columbia for municipal supplies and
Richland will do likewise next ycai. Sports fishing for steelhead, bass,
and other spiny-rays, whitefish, sturgeon, and scme other species is

popular at several locations in the Tri-City area and in the reservoir

’
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Coumbia ‘Marins.

FIGURE 1

HANFORD PROJECT AND VICINITY

ARC-4E RICHLAND, WaSH,
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behind McNary Dam. Waterfowl which nest in the area or migrate through the

region are availeble to hunters et the McNary Geme Range and in the surround-
ing territory. |

The water n;onitoring program may dbe dividedlinto three pé.fts; (1) raw
river water, (2) sanitary water, and (3) measurement of the direct radiation

dose from the river water.

1. Raw River Water - There are six locations along the rivez;‘ vhere raw
river water 1s collected routinely forve.ne.lysis’: Vernita Ferry, H;n;ford.,
30(5 ‘Area, Richland, Pasco and Vancouver. Sa.uxpies are 'collected by dipping
wa.'ter. from the riverbank except at ‘the 300 Area, Pasco, andAVa.nc;:hver. At
the v300 A;‘ea, water 1s pmnpe& to a building on the shore vhére the activity

is continuously monitored and samples obtained. At Pasco the 'rg.w weter is

- collected at the pumping sté.tion for the city water vsupply, and at Vancouver

the fu'blic :ilealth Service collects samples for us from the "middle of the

.river at the Interstate Bridge. Figure 1 shows the geographical location

for these sampling points.  Sample volume and frequency are dependent upon

the a.nalyses’ desired from a particular location. Ta.bié 2 shows the frequency
of collection at the six samplj,ng sites and the analyses performed.

The samples from Vernite Ferry, upstreem from the plant, provides infor-

‘ mation on the natural and fallout activity in the riwier. Mofd 18 the

first convenient sampling point downstream of all the reactors. Although

the radioactive material is not yet uniformly distributed across the river

‘at this point, surveys have shown that samples obta.ined at the shoreline are -

~ nearly representative of the average conditions throughout the cross section

of the river,
. The primary river monitoring point is at the 300 Area, just before the

ﬁater leaves the project. A continuous measurement a.t'.’~ this point provides

4
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immpediate information on all fluctuatlons »ig the levél of activity in the
water. The monitoring instrument is also equipped with a.ia.m circuita which
- will signiil a warning if the level of radioactivity spproaches a hazardous |
‘amount. Grabv samples are also taken at this point eacvh» week a.r;d analyzed
for some .17 radioisotopes. A continuous se.mple‘ of the river water ig also
collected at this fpoint. It is picked up weekly and analyzed for five of
the longer lived radionuclides .

In order to obtain background :I.nfonna.tion for the time when Richland
vill begin using Columbia River water, river samples ere. taken occasionally at
the site of the future pumping plfmt. The intakes of the Pasco and Kennewick
water plants are on opposite sides of the river and, &s. a matter of con-
venience, the river water sex'hple for this area is takeh at the Pasco water
plant ;n'cake. :

Downriver from Pasco, the céncentration -of radioactive materials in
the Columbia River continues to diminish through vradioa.ctive decay and
because of dilution by the Sneke and other tributaries. However, 2 small
fraction of the radiolsotopes introduced into the river at Hanford é.re still
detectable at the mouth of the river. Samp‘les teken from the Portland-
Vencouver -Bridge provide informstion on the residual at this point and a
reasonable estimate of the quantity discharged to the ocean. Analysis of
samples collected below Vancouver 1is greatly complicated by the presence of
salt water, ’

2. Senitary Water - Water used for human consumption is sampled

routinely at Pasco and Kennewick since the original source 1s the CSlumbia.
When the new Richland plant is placed in service, frequent sampling of
treated water will be initiated. The frequency of sanitery water

samples collected and the analyses performed are also listed in Table 2.
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3. Direct lbcposu.re - Radiation exposure can be received directly from

the water by those who swim ‘in the river or ride in boats. This small dose
can be measured directly and such measurements are made at Vemite.'rerry,
Hanford, 300 Area, Richland Ma.rina‘ Dock, Columbia Park Marina Dock, and
the Pasco Pump House, In this case .smal;l."ionization chembers of the type
worn by workers within the plant are placed in sesled plastic bott;eg and
submerged two to‘ five feet in the water. 'These chambers are exchanged
weekly and the accumulated dose read out on instruments in the laboratory.

Figure 1 shows the locetions where these dose measurements are made.

L. Foodstuffs - Several measurements of activity in various foodstuffs

are also made. The most important of these measurements are made on fish
and waterfowl. However, measurements are also made' on samples of miscella-
neous produce from the irrigated ferms. The fa.dioa.ctiﬂty of farm produce
is more closely associated with air-bornei radioactive materials, including
fallout from weapons testing, than with the river, but some samples from
the Rihgold and Riverlend areas contain detecta'blé amounts of isotopes which
could only have come from the river. .

l?ish which live for long periods of time in the Columbia. downriver from
the reactors gradually gccwmlat_;e & few of the radioisotopes present in the
water. The most importent source of the radioisotopes to the fish is

actually the food organisms which the fish eat. For this reason, the salmon

which return to the river from the see are not affected. On the other hand, '

non-migratory ﬁsﬁ caught by locel sportsmen do constitute -‘é source of
radiolsotopes for the people who eat them and thus the sampling and analysis
of such fish is a ne‘cesﬁsary‘part of the over-all surveillance progrem.

Fish are collected each month from five general iocations along the

river. These locations are Priest Rapids, vhich 1is 'upst‘rem"from the

N
-
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project, at Hanford, which is Just downriver from the reactors but not

eccessible to public, and at Ringold-Richlend, Burbank, and McNary Dem which

‘are popular fishing sites. Sampling is concentrated on those species of

fish which are caught in gre;ate'st numbers by the sportemen. Th;se include
whitefish, bass, creppie and other “pan ﬁsh"', and occas;oﬁhlly steelhead,
catfish, sturgeon, trout, and salmon. Scrap fish, such as suckers, squaw- '
fish, and minnoirs are also sampled routixiély since they are relatively éasy
to obtain. ‘An attempt ;s made to collect at least fiire specimens of 'phe |

most ’gbunda.nt speé;es et each location each month throughout the year.

' Fishing is not elways good enough to obtein the desired number of fish,

however. Gill nets are effective in capturing meny of the scrap fish, but

‘the .standard technique of hook and line is more rroductive for irhiteﬁsh. i

- and some of the spiny-rays.

_ Ducks and geese which remain in th{a Hanfp;'d area long enough to feed
on food av‘a.ilable to them in _:Bhe river, also accmnﬁlate‘.some radiocactive
isotopes. | With rare exceptions, the level 6f activity in theve.terfo#l
18 lower than in the fish and most of the birds on migratdry flights through
the project do not pick up detectable amounts of radioisotopes from thé )

river.

. Waterfowl are sampled monthly during the regular hunting season from

two general sections of the river. - One section designated as "upper river”,

extends from the upsiream plant boundary to Hanford, and the ot;.her,
designated as-"lower river" ,b extéhds from Hanford to Richland. Aftempts

are made to obtain semples of river ducks » diving ducks, ﬁergansers and
coots. Lesser Canadian geese are also collect.e'd\ in the "iower river" region
when gvgilab;e. Generally four to ten ducl;s from each group cdnstitﬁte a

sample.

- . TAPE e e



v Ve " - A S A R A R o B e L T Iy e

«1h- : HW-SA-2748

The samplgs collected by our own personnel are augmented by donations
from a number of loée.l sportsmen. The donations consist of the heads of
ducks killed in this region of the éta.te and include a sufficient emount
of muscle tissue for analytical needs.
| EVALUATION OF. TOTAL EXPOSURE

In order to ca.lculafe the re.d.ié.tion e:ﬁboeures received by people from
fhe several sources, the data on isotope concentrgtions obtained from the
survelllance progré.m must be combined with estimates of the daily intake
of water and various foods. Standard reference values are avallable for
weter and the common foods, t.mt local estimates must be used for the fish
a...nd waterfowl. The results of these calculat_;ion; » together with the surveil-
lance datea, are r‘eportedv routinely to the Atomic Energy Conm;ission and to
other federal, state, and local agencies concerned with ra.diologi\ce.l |

6, 7, 8)

safety. These reports are unclassified and are availaeble to the

public. | '

As an example of .the type of ‘end product »whi;h results from & compre-
hensive evaluation prOgi'am, the total body dose calculated for persons
living in the neighborhood of the Hanford plant during 1961 is described
here. Simila.r evaluations have been made for the doée to the gastro-
intestinal tract and bone. )

In Figure 2 the magnitude of the radiation dose recelved from a variety
of sbuﬁces is related to the number of persohs who may receive exposure
from these sources. The natural background is included on the figure i_‘or
comparative purposes. It should be rememberéd, howéve_r, that the expdsure
from m;tural background, which everyone receives, -and medical exposure is
excl}zded from the apptaisal egainst the standards. Included in the suma-

tion,b ‘however, 18 the exposure which ‘results from air-borne materials
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(principelly wo:ld-wi&e fa.llqﬁt) since these- contribu"te a significant part
of the exposure from §nvimnmen{'.é.1 sources. The est?.ma.té of dose attributsble
to fallout shown here ia baséd on the local surveillance informetion. A
similar result would be obtained from data pu‘blished by the U.‘ S. Public
Health Service for their na.tiop wide sgrveille.nce progrezﬁ..(9’ 10) Essen-~
tially évgryone in the northern hemig;phere recelves an a.nnual doge of this
magnitude in addition to na;cural backgrbund.,

_ Quite small doses for the total body are received from the drinking
water supplied to residents of Pasco‘ a.nd Kennewick. Because of thé partic-
uler kinds Dof-mdioisotopes pregent in i:he water, the dose to the gastro-

intestinal tract is higher than for the body as a whole but still emounts

-to only about five per cent of the a.pprépria.te limit. Richland residents

do not, at this time, receive a dose contribution from their drinking water.

‘The dose.which can result from eating local fish and waterfowl can

be greater than that which accrues from pther.rddioisotopes in the environ-

ment but is substantié.l]y less than that from natural background. The

number of persons who eat local fish caught from the Columbia 1s quite small

‘and edding the dose from this source to that received from other sources

by the people of Pasco tends to maximize the combined exposure. The principal
isotope found in fish and waterfowl ;lé radiophosphorus which deposits in

the bone. In this case, exposure to the bone is more significant than to

- the body as & whole and some few people who eat unusually large amounts

of ﬁah mey acquire about 30 per cent of the appropriate 1limit.
The dfrect exposure which one may receive while swimming in boats
results principally from a very short lived isotope of sodium ,(Na?h). In

this case the total body is a more important receptor of the radietion than
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any of the 'body o;ééné. The estimav'.t‘edf dose of about 25 milJ.irems per year
from this source is about 15 per cent of the FRC limit.
The amount of milk and produce supplied by the 1oca.1 fa.rms irrigated

with 001umbia. B:Lver water 18 very mna.ll in relation to that consumed by

‘the urban popula.tion of the Tri-Cities. It is, theréfore, an insignificant

source of exposure to peo;ple other than the families living on the farms
and subsisting largely on their qwn produee. I-Iere»again the actual expo-
sure received is but & small fraction of the limit.
CONCLUSION

Although people are . exposed to ionizing rediation from & le.rge number
of sources in the enviromment, it is quite feasible to identify the ones |
which are of gree.test importa.nce and to relate certain portions to individual
plant effluents. Further, there is available to the evaluator a rather
complete set of standards to which exposure conditions in the environment
may be cdmpe.red. The existence of such’ standards, together with an q.dvaneed
technology for detection and\n;easurement of radioactive materials, Provides:

the plant operator with a comparatively precise knowledge of the status of

‘his waste disposal operations in relation to acceptable conditions in the

environs. Such knowledge is a most va.lua‘ble asset in focusing a.ttention
on the most significant sources of exposure which result in the environs

and on plant Processes which may contribute most to the exposure.
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