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ABSTRACT 

Host published guidelines for environmental surveillance 

emphasize the col lect ion and analysis of specif ic  media (e.& a i r .  

water, IDFlk. di rec t  radiation) vithout t o t a l  regard for the  poten- 

tirl dose impact of the radionuclides expected in o r  actually p r e  

sent in the aff luent  stream from nuclear f ac i l i t i e s .  To d e t e r d n e  

the re la t ive  importance of mediun/nuclide combinations in environ- 

lDental surveillance, the experience a t  major ERDA s i t e s  and a t  op- 

erating nuclear power plants was reviewed. 

for  nuclide groupings (tritium. noble gases. radioiodine, mixed 

fission or  act ivat ion prnducts. and transuranics) in those effluent 

stream8 were followed through various environmental pathways. 

using t h i s  scheme the environmental medium which is nmst prominent 

in t he  c r i t i c a l  dose pathway to  man was determined. 

possible to  determine points of short-or loneterm contarnlaant 

Typical release ra tes  

By 

It was also 

accumulation. Polloving these calculationsLS, each medium vas rrnbed 

for a given nuclideleffluent pathway combination providiag the  re- 

l a t i ve  Importance of sampling specific envinnrrpental pedi. w i t h  

wphasia on the radiation dose t o  a critical population group. 

Finally. the results of these envlro-tal pathway s tudles  a re  

presented i p  tabular form to  provide ready reference for environ- 

mental surveillance program design o r  evaluation. 

-rk performed under the auspices of the U. S. D e p a m t  of Enerpy 

under Contract Elumber U7405-Eng-48. 
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INTRDWCTION 

Evaluation of radiation doses from the "as low as rsasonnbly 

achievable" viewpoint has created pressure for  increasingly sensi- 

tive environmental radiation measurement and evaluation techniques. 

An a result. many colnnerdrl laboratories,  nuclear power plant 

sites. and ERDA i n s t a l l a t h  have reduced radioanalytical detection 

levels ,  but not necessarily with a comwn goal--other than to  drive 

detection sensitivities continually downward. Part  of that  problem 

stem from the f ac t  publishad guidelines (EPA72, NRC75c or  NRC75d) 

fo r  environmental surveillance emphacrize the collection and analysis 

of specific media (e.g. air. wa te r ,  foodstuffs. and direct  radi- 

ation).  without regard fo r  the actual or potential  impact of the  

radiation or radioactivity to  be measured. 

factorr  i n  environmental dose assessment are the detection se1-1~1- 

Hence, the l imlting 

tioities. 

limit, the result ing dose evaluations can be orders of magnitude 

apart  because of the detectfon sens i t i v i t i e s  alone. 

I f  they are not based on a c o m a  lower done (dose rate) 

Many statements of the objectives fo r  environmental surveff- 

lance program have been erpresaed (ICRP65, 1AeA66. EPA72. NRC75c. 

NRC75d. NCBP76, and -77). Several of these objectives are par- 

aphrased below: 

evaluate adequacy of (ERaA77)...or verify in-plant 

controls (NRC75d) 

detect  rapid changes...and evaluate long-term 

trend. (EW77) 

public Information (EPA72. Npc75c) 

detect radioactivity from off-s i te  sources 

(-77) 

provide data on measurable levele...in site 

euvirons uJnc7Sb) 

evaluate principal pathways of exposure (ICRP65, 

W7M) 

establish correlations between environmental 

levels and releases from plant operations 

(blBC75C) 

maiatain a data base (Egnh77) 

lbo of t h e  early pub l iu t lons  (ICRP65 and -66). both f r o m  

internationally recognized bodies, provided the bases for  t he  U.S. 

guides which have followed in the  1970s. 

have emphasized eaViroraental sumelllance program fo r  light water 

reactors, reflecting the growth in nuclear power plants in the 

U.S. 

statements paraphrased above, some conmun bases exist, although 

the ranking of objectives varies. 

purposes are suggested and are listed belw in order of Importance: 

These latter reports 

In reviewlug the referenced publicatlons and the objective 

From th i s  input, four primary 

0 To assess the actual  o r  potential radiation dose 

to  persons I n  the site environs. 
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0 To test the compliance or  non-compliance of 

observed data with standards and regulations 

expressed in annual doses. 

To verify that  effluent controls are adequate and 

have not deteriorated. 

To check for  long-term buildup and t o  predict environ- 

mental trends from plant-released radioactivity. 

0 

0 

The published guides referred t o  above suggest radiological 

environmental surveillance programs with a minimum number of samples, 

providing reasonable c r i t e r i a  for  ta i lor ing t o  any type of nuclear 

fac i l i ty .  

focused on 1 )  program planning, including a critical look a t  detec- 

t ion  levels ,  2) the  re la t ive  importance of nuclidejmedia combha- 

t i o r s  on a dose basis, and 3) pract ical  guidelines f o r  minimum 

levels  of surveillance. 

With t h i s  background, the balance of t h i s  report is 

PROGBAM PLANNING MID CRITICAL PATEWAY ANALYSIS 

The necessity of adjusting enviro-tal surveillance tech- 

niques t o  meet established objectives is a widely recognized, yet  

seldom followed principle. 

several objectives, but without explicity s ta t ing the rat ionale  

for  any of these several objectives. 

primary objectives f o r  environmental surveillance is to  measure 

Often the program is plpnned t o  meet 

As noted above, one of the 
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or  evaluate radiation doses t o  people. Y e t ,  w h a t  is a "significant" 

o r  "important" dose is not clear. 

Annual whole body equivalent radiation doses* were calculated 

for ingestion or inhalation of specif ic  media contaminated with 

radionuclides a t  the lover limits of detection given i n  Regulatory 

Guide 4.8 W 7 S d )  and are presented i n  Table 1. 

part icular  set of values is only applicable for  the detection limits 

given i n  t h a t b g u l a t o r y  Guide, equally disparate values would apply 

Although t h i s  

using the  limits given in the  EPA Guide (EPA721, etc. Why should 

the ingestion or inhalation of a particular nuclide at a concen- 

t ra t ion  corresponding t o  the  lower l i m i t  of detection (LLD) result 

in a "dose" vaqing by ordera of a magnitude, depending on the  med- 

ium and nucllde in question? 

question. why should the potential Intake route for a given nuclide 

result in doses several orders of magnitude apart, as ve note f o r  

'OS,? 

combinations. 

One might ask an even -re important 

Similar discrepancies are true f o r  other rdiopuclide/media 

I f  dose i a  the mst important parameter to  determine from en- 

vironmental surveillance. then it would seem logical  t o  set minimum 

detection levels (or lower limits of detection) based on dose. 

%ere defined as the c r i t i c a l  organ dose divided by 6 f o r  bone and 

thyroid, by 1 for  t o t a l  body, and by 3 for  a l l  other c r i t i c a l  organs. 
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e However, t h i s  apparently has not been the rationale for  establishing 

m i n i m u m  detection sens i t iv i t ies .  

s 

Eence. those responsible for  the environmental program at a 

given s i t e  are faced with frequent decisions such as: 1 )  whether 

t o  base dose estimates on environmental o r  effluent measurements; 

2) which media should be sampled realizing that the minimum sensi- 

t i v i t i e s  for  different  media could resul t  i n  potent ia l  dose impacts 

varying by orders of magnitude (see Table 1 )  even for  the same 

nuclide; and 3) which media within a given exposure pathway should 

be sampled to  provide adequate dose sensitivity. In addition, en- 

vironmentalmeasurements included i n  the routine program f o r  pur- 

poses other than dose estimation, e.&, trend evaluation or  public 

interest. may be desired, yet  must be clearly distinguished. Host 

emiro-talmeasurements wi l l  indeed serve more than one purpose, 

but seldom optimally. 

A basic principle is tha t  the effluents and the environment 

into which they are  dispersed a re  dynamic. showing both spa t ia l  

and temporal variations of nearly a l l  constituents. The importance 

of individual radionuclides depends on the physical and chemical 

forms that determine t h e i r  movement i n  the environment and eventual 

uptake, deposition, and ratention by man, and on t h e i r  d i f fe ren t ia l  

metabolism by man. 

in  environmental surveillance is  flexibility--changing the program 

Therefore the underlying principle (and need) 

scope and intensi ty  in response t o  changing f a c i l i t y  processes, 

enviro-tal parameters, and program results. 

end, a critical pathway analysls, the f i r s t  s tep in developing or  

modifylug any environmental surveillance program, must be performed. 

The essential el-ts f o r  c r i t i c a l  pathway analyses are: 

To achieve t h i s  

0 SSte-specific source texm (radionuclides, quantities. 

and respective effluent pathways). 

Local meteorology and site topography. 0 

0 Surface (and where appropriate, ground water) 

hydrology. 

Demography (population distribution, land and w a t e r  

use. recreational habits, d iet ) .  

The exposure pathway concept is suff ic ient ly  doc-ted and 

understood that  xm extended treatment is given here. Various graph- 

ical i l lustrat ions of exposure pathways are available, such as In  

the EPA W A 7 2 )  and BBDA -77) Surveillance guides, and in the 

report f o r  fuel fabrication plants by Corley et a l  (Co73). The 

procedure suggested here is the  dose calculation matrix. Figure 

3.2 in the ERDA guide (ERDA77), which w a s  f i r s t  prepared f o r  the 

Year 2000 regional dose study (F171). 

ERDA guide is for a s ingle  radionuclide and m u s t  be re i terated for  

each nuclide released. with respective organ dosea summed f o r  a l l  

nuclides. 

standard parameters the reader is referred to the works of Soldat 

(So711 and others (So74) .  Killough and HcKay (Ki76). and Regulatory 

/ 

The procedure shown in the 

For s p e d f i c  calculational de ta i l s  and lists of various 
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Guide 1.109 (NpC76). 

Summation of respective organ doses and inter-comparison of 

calculated doses with f r a a i o n e  of dose criteria w i l l  indicate which 

of the  nuclides released are the critical nuclides. 

nuclide(a), a retrace of the  dose calculation procedure w i l l  reveal 

both the c r i t i c a l  pathways and the  possibi l i t ies  for  measurements, 

as w e l l  as those other nuclides and pathways which w i l l  not require 

routine measurement for  dose evaluation. As noted i n  Regulatory 

Guide 4.1 (NRC75c). "Uhere pract ical ,  a sui table  indicator medium 

o r  organism in each important pathway should be sampled and analyzed 

f o r  t h e  plant-contributed radionuclides released t o  the environment." 

For these 

EFFLUENT PATHYAYS AND RADIONUCLIDES 

To determine the re la t ive  importance of medidnucl ide combin- 

a t ions in environmental surveillance, the experience a t  major E R M  

sites (De74) and a t  operating nuclear power plants of the l igh t  

vater type (LWR) (NRC7%, NRC77) w a s  revieved. Releases of radio- 

ac t iv i ty  in eff luents  from the two types of f a c i l i t i e s  (EBDA and 

LWR) are governed by separate. ye t  essentially equal federal 

standards. 

Operations (EBDA74). while the  LURE are  governed by T i t l e  10, Code 

of Federal Regulations, Part 20 (10 CPR20) and by limits established 

in the  technical specifications f o r  each fac i l i ty .  

The ERDA instal la t ions a re  governed by the ManuaA of 

The effluent data ermrarized here is based on the  values pre- 

sented i n  the three summary documents noted abwe for  the amount 

of radioactivity in airborne and l iquid eff luents  released from 

the respective f a c i l i t y  types. 

presented in different forPats f o r  the two pathay8 (airborne and 

UthDugh efflWmt release data uere 

liquid). the data here have been grouped in to  four categories (a 

f i f t h ,  noble gures, is included for  the atwspheric  releases)- 

tritium, radioiodine, mixed f i ss ion  o r  act ivat ion products, and 

transuranics. 

LWR types, boiling water (Bun) and pressurized water (PUR), the i r  

Because of the differences in the eff luents  between 

releasee are etmeurrieed separately. 

of the nuclide categories are summprized in Tables 2 and 3. 

release values for  the transuranics (alpha emitters with half-lives 

greater than 30 days) from Lyas are based on the calculations of 

Malar0 and Essig W75). 

Typical release rates f o r  each 

The 

From Table 2 it is clear that noble gases are the  largest an- 

nual source term in the airborne effluents f o r  a l l  3 types of 

f a c i l i t i e s ,  except tha t  gaseous tritium (mst ly  as ET or  Tz) re- 

leases from the PPajor ERDA instal la t ions are of the same order of 

magnitude. T r i t i u m  releases from LvaS typically are several orders 

of magnitude less on an ac t iv l ty  basis. The releases of noble gases 

from BURS are tva t o  three orders of magnitude greater than f o r  

PURS, but the opposite is t r u e  f o r  tritium released v i a  the  liquid 

effluent streams. Releases of mixed f iss ion and act ivat ion products 
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(MF 6 AP), including radioiodines, are generally less than a few 

Ci/yr from a l l  f a c i l i t y  types both f o r  a i r  and water (liquid) path- 

ways. 

a t ion products such a s  24Na, ' lCr  and %o, and the longer lived 

fission products, 134Cs 

''5, a r e  typically a few orders of magnitude less. 

in transuranics between EPDA f a c i l i t i e s  and LVRS may not be as great 

as shown. since the ERDA values include short-lived nuclides such 

as 239Np. On the other hand, many of the ERDA instal la t ions handle 

and process very large quantities of transuranics, especially 239Pu. 

and it  is not surprising that up t o  mCi/yr quant i t ies  may be re- 

leased. 

The MF & AP are copposed mostly of the  shorter  lived activ- 

Releases of the mre radio todc  

The differences 

Since the actual effluent releases from the divers i ty  of in- 

s ta l la t ions  within each f a c i l i t y  type of ten varied over several 

orders of magnitude. the geometric mean release vatues were used 

for  dose calculations. 

each of the  nuclide/pathway groupings discussed above, radiation 

doses (both internal and external) were calculated for  individuals 

using the dose model of Soldat et  a1 (So74) and the exposure par- 

ameters and dose factors in Regulatory Guide 1.109 QiRC76). To 

f a c i l i t a t e  ranking, a "whole-body equivalent dose" was defined for  

Ustng these geometric mean releases f o r  

ingestion and/or inhalation (see footnote on page 4). The whole-body 

equivalent dose for  external pathways (e.g. shoreline sediment) 

is the t o t a l  body dose. 

Secondarily, indirect dose pathways (e.g.. wil, sediment, 

precipitation) were considered on a re la t ive  basis by comparing 

detection sens i t iv i t ies  f o r  a given nuclide in the environmental 

media commonly sampled. This resulted in t h e  nuclide/mediam com- 

bination that provides the greatest measurement sens i t iv i ty  

(including both short- and long-term contaminant accumulation). 

Hence. by this scheme, it was possible to  preferentially rank each 

point of measur-t f o r  a given effluent pathway. 

BESULTS OF EFlWENT PATEUAY CALCULATIONS 

By using the schesle described above it  w a s  possible t o  deter- 

mine on a generic basis the  environmental media most important f o r  

nuclear f a c i l i t i e s  located a t  river sites. Only the most important 

(from a dose to man standpoint) medium or environmental measurement 

in each effluent pathway is shown in the  following series of tables. 

The re la t ive  importance of environmental media within each table  

a re  ranked on a 1-5 scale. where the greatest importance of any 

combination ia reflected by a rat ing of 1, w h l l e  the least important 

are reflected by a ra t ing of 5. Chaqing from a relative importance 

of 1 t o  2 or 2 to 3, etc., indicates at  least an order of magnitude 

decrease in dose. 

-10- 
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The results for the above ranking for a major ERDA installation 

on a river site are presented in Table 4. Note that the three most 

hportant environmental measurements are direct radiation for noble 

gases. tritium in air and radioiodine in milk. Measurements of mixed 

fission or activation products in air particulates or fish, and 

tritium or iodine in potable water are at least an order of mag- 

nitude less important than the three previous measurements. And, 

of leaat importance is the measurement of transuranics in air 

particulates. 

Table 5 shows the results of the same effluent pathway cal- 

culations for a typical BUR on a river site. 

ment the critical measurements are direct radiation for noble gases 

Bere. for dose assess- 

and radioiodine in milk. 

the analysis of fish for fission and activation products ( 

134*137Cs, %) from liquid releasee to the river. 

ways are orders of magnitude less important from a dose potential, 

especially the measurement of tritium and fission or activation 

product. in air. which were so important for major ERDA installa- 

t ions. 

An order of magnitude less important is 
95 

A l l  other path- 

Nb, 

I This series is continued in Table 6 for a PUR in which the 

most important measurements are radioiodine in milk and fission 

or activation products in fish. Direct radiation measurements for 

noble gases. and the analysis of potable water for tritlum and 

radioiodine are of secondary jmportance. 

on an absolute scale. the dose potential (relative importance 11) 

for the PUR cane is approximately an order of magnitude less than 

those shown for the ERDA or BUR cases. 

One further note is that. 

AB we have seeD in these tables. fish represent an important 

dose pathway to man for mixed fiss&m and activation products re- 

leased to rivers. Curiously, however. 3% analyses in fish (one 

of the most important activation products from a dose standpoint 

(Bo75)) are generally missing from tbe routine environmental sur- 

veillance prograuie for most nuclear power plants. 

the absence of a critical evaluation of pathways a8 shown above 

or the general practice of analyzing samples, especially fish. only 

for 'OS, and gamma emitters. as emphasized in the published guides 

fJPA72. NRC75c. ltRC75d). 

collection and analysis of samples falling within several category 

types-airborne, direct, waterborne, aquatic and ingestion-result- 

ing in nearly identical routine environmental surveillance programs 

for a variety of installations with widely differing potential 

impacts. 

identical, especially for W, yet the potential dose pathways 

and impacts are not the s e e ,  emphasizes the need for a critical 

pathway analysis and tailoring the surveillance program to include 

collection and analysis of "suitable media,.. in each important 

Tbis lnoy reflect 

Unfortunately. these guides suggest the 

The fact that many surveillance progrpBs are essentially 

I '- 
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pathway... fo r  the plant-contributed radionuclides released t o  the 

environment." (page 4.1-2 in W75c) .  

Independent assessments of the consequences of radionuclide 

releases from nuclear power plants have resulted in similar COP 

clusions about the iaportance of f i sh ,  potable water and d l k .  

Booth et a1 (Bo75) s h o w e d  that the critical pathways f o r  radio- 

to finalizing the Guide a f t e r  1-2 years of scrutiny. 

The EBM Gulde (-77) lists a number of general program 

criteria vith an emphasis on doee. but cautions that the proposed 

dose criteria do e define "as l o w  as prwticable" f o r  emriron- 

mental doses. Bovevar. it provides a framework within which a practi- 

cal, minimal d r o m o e n t a l  survej.lbce program can be defined. A 

nuclides discharged Into freshwater from LvIlp are  consumptiw of 

f i s h  and ingestion of water, confirming the results of the pathway 

calculations presented here f o r  r iver  sites. 

(Bo73) found that  i n  some Instances the 1311 contribution t o  dose, 

from f i a h  consumption, WEJ of the same order of that from milk, 

s-ry of the general criteria f o r  EBDA Environmental Sumea1-e 

Programs follows: 

Boer1 and Brofferio 

0 Environmer~tal pathway analysis 

0 Pleasure each pathway contributing 30.1 M ~ J I :  

downstream of an I t a l i a n  nuclear p e r  station. 

RECENT DEVEUlPHWTS AND CONCLUSIONS 

In an attempt t o  reduce some of the p i t f a l l s  and jaconsistencies 

from earlier reports and guides, two recently published documents, 

one by the NCRP WCRP76) and the other by ERDA (EBDA771, present 

techniques, methods, and criteria sui table  for  a l l  types of nuclear 

f a c i l i t i e s .  

regard t o  the content of environmental monitoring programs and the 

Interprotation of monitoring data. 

f o r  several years and have been subjected t o  extensive professional 

review. 

terim guide to  be f i e l d  tested by ERDA and its contractors pr ior  

Both documents contain comprehensive guidance v i t h  

They have been under development 

The Forward of the EBDA Guide suggests that  i t  is an in- 

when total dose exceeds 

1 m r d y r  to indivlduols 

100 person-rem/Yr per 10 population. 6 

0 

0 "Backgromd" aeasuremeats required 

Measurements on two media per pat- 

MDL equivalent t o  dose criterla 

These c r i te r ia  suggest that environmental sampling a n d  measure- 

ments a re  only required for  two media I n  each critical radionuclide/ 

pathway combinntion (one of which may be the effluent stream) and 

only for  those exposure pathways in vhich the annual dose (from 

plant-contributed nuclides) exceeds 0.1 mrem. They fur ther  suggest 

that mlulmum detectable levels  (MDL) be based on those dose c r i t e r i a  

and tha t  "background" location measurements should be taken for  



every c r i t i c a l  nudidelpathway combination for  which environmental 

m(Usurements a re  used in reporting annual dose estimates fo r  site 

releases. 

These very l o w  discrimination levels (Le. ,  0.1-1 inremlyr) 

for  environmental doses of site origin are still controversial, 

in par t  because of the impossibility of measuring them direct ly  

for  some pathways and in part  because of the questionable s ignif i -  

cance to individuals of an -up1 incremental dose of l m t e m .  Note 

that  this recommendation does =de f ine  acceptable levels of 

radio8ctivity in the environment, but ra ther  8x1 acceptable dis- 

crimination level  for  environmental measurements. And it m u s t  be 

recognizad that where the only source of exposure is d i rec t  o r  

scattered radiation from e i ther  extremely high energy machines o r  

airborne effluents. such a emall radiation exposure is not dis t in-  

guishable from the much larger and variable exposure f roa  natural  

sources. For such sources, the environmental measurements may only 

serve as proof of mndetectability. 

l'he c r i t e r i a  suggested in  the EBDh Guide are  not incon- 

s i s t en t  with the conclusion8 given by b o t h  e t  al(Bo75) or  the EPA 

(EPA76, EPA77). Booth et a1 adopted a cr i te r ion  that a calculated 

annual dose of 0.01 - 1 mrem indicates a potentially important 

radionuclide. resulting in  the following radionuclides released 

into freshwater as  being "significant": % IpuR). 32P, 6oCo. "Nb, 

1311. 134s137Cs, and '%a. 

drinking water standard (EPA76) corresponds to a dose of 4 oredyear ,  

"he recently adopted enviro-tal 

while the proposed gvidance (BPA77) on dose linrLts for  transuranics 

in the  environs corresponds to doses of the order of a feu mradlyear 

to the c r i t i ca l  organ. 

Table 7 p r e s e n t s  the results of the c r i t i c a l  pathway calcula- 

tions for  an atomspheric release from a major Huu instal la t ion.  

A l l  media with re la t ive  importance factors ranging from 1 t o  4 

have been included for  the various radionuclides. Theee re la t ive  

importance factors are the .same as as those shown bales 4-6. 

Tbe differences between media at a given relat ive importance f a c e r  

are not considered significant, although the medium sham f i r s t  

in each column is considered to be the most important. 

one or two groups of media are  shorn for  a part icular  eff luent  

pathway/nuclide Cornbinafion, all other media were considered to  

be relat ively unimportant from a dose evaluacion standpoint. 

dicator media, such as animal thyroids and forage in  the iodine 

colum and deposition in the WMP colum, tend t o  rank lower than 

others because they do not provide a good measure o€ dose to  man, 

espedal ly  because of the uncertainties in environmental t ransfer  

factors. 

- - - _ _  

when only 

In- 

With the help of supplementary data on the local  environment 

and its population, the in€ormation presented in  Table 7 establishes 
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re la t ive  pertinence of various environmental media, ident i f ies  

potent ia l ly  exposed populations and unusuel exposure pathways. 

For the atmospheric pathuays considered, t h i s  table shows the im- 

portance of direct  radiat ion measurements and the sampling of air 

and milk or fresh leafy vegetables. It also points out the re la t ive  

unimportance of analyzing milk f o r  tritium or M6AP and of collect- 

ing  s o i l  samples at  all.  As a matter of fac t ,  applying the ERAA 

criteria suuunarized above, one would draw a horizontal l i n e  just 

above the re la t ive  importance factor  of 3 i n  Table 7 and only sample 

(or be required t o  sample from a dose standpoint) up t o  tu0 media 

f o r  each of the four nuclide groupings. 

a combination of effluent monitoring f o r  the nuclide groups plus 

an environmental surveillance program vhich includes d i rec t  

radiation m e a s u r e m e n t s .  air sampling f o r  tritium and MW, and 

milk or leafy vegetable sampling f o r  radioiodine would m e e t  the 

suggested ERDA cr i te r ia .  

For th i s  par t icular  case. 

@though this evaluatlon (Table 7) and those shown i n  Tables 

4-6 have been done only f o r  fresh w a t e r  r iver  sites, the method 

and tabular presentations are equally applicable t o  other types 

of sites. Indeed the method must be reapplied for  other types of 

sites and effluent streanm. 

of ranking environmental media can be extremely beneficial i n  estab- 

l ishing or modifying existing surveillance programs. 

such a8 those shown here it's easy t o  select  the "best" combinations 

This scheme of calculating doses and 

Prom tables 
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of nuclides and media from the actual o r  expected f a c i l i t y  eff luent  

streams. to  handle cost-benefit tradeoffs, and f ina l ly  to select 

only those modin required based on a given set of program criteria. 

In conclusion. t o  plan and conduct environmental surveillance 

programs 00. a cost-effective basis, it is logical  that media with 

the greatest mtaduant -de tec t ion  sens i t iv i ty  and the mst prom 

i n a t  role  in the critical pathway should be the media routinely 

utilized. In fact. Pegulatory Guide 4.1 (UEC75c) atatea that "...it 

ray not be necessary t o  extensively sample and measure grazing 

plants and fodder t o  keep t r a c t  of iodbe-u1 cycling in the food 

chain, since rampl ing  and measuring the p i lk  produced by dairy 

COVE i n  surrounding areas may be adequate," supporting t h e  con- 

clusions reached i n  the EBDA guide. One should not lose s igh t  of 

the fac t  suppleumtary environmental measurements (beyond those 

required for  dose evaluation) may be required t o  at  least provide 

desirable benchmark data. Some compromises are inevitable. e i ther  

because completely sat isfactory measurement techniques nre not 

available or because the best  techniques are f a r  too expensive 

f o r  routine we over 1ar5e geographies1 areas. 

- 
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