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PREFACE 

The Environmental Su rve i l l ance  Program a t  t h e  Hanford S i t e  i n  Washington S ta te  i s  con- 

ducted by the  P a c i f i c  Northwest Laboratory  (PNL) under c o n t r a c t  t o  the  Department of Energy 

(DOE). U.S. Government ope ra t i ons  a t  Hanford have always i nc luded  suppor t  f o r  environmental  

s u r v e i l l a n c e ,  and the da ta  c o l l e c t e d  p rov ide  a h i s t o r i c a l  reco rd  o f  t he  l e v e l s  o f  r a d i o -  

n u c l i d e s  and r a d i a t i o n  a t t r i b u t a b l e  t o  n a t u r a l  causes, wor ldwide fa1 l o u t ,  and Hanford opera- 

t i o n s .  The f i n d i n g s  o f  t he  present  program demonstrate the  n e g l i g i b l e  impact a t t r i b u t a b l e  

t o  e i t h e r  c u r r e n t  Hanford ope ra t i ons  o r  cumula t ive  environmental  e f fec ts  f rom pas t  Hanford 

operat ions.  Where appropr ia te ,  t h e  data  are compared w i t h  a p p l i c a b l e  standards f o r  a i r  and 

water q u a l i t y  s e t  f o r t h  by t h e  Department o f  Energy, t h e  Environmental P r o t e c t i o n  Agency 

(EPA), and the s t a t e  o f  Washington. Summaries and i n t e r p r e t a t i o n s  o f  t he  da ta  are pub l ished 

annual ly ;  t h e  present  document i s  f o r  ca lendar  year  1978. 
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ENVIRONMENTAL SLIRVE ILLANCE AT 
HANFORD FOR CY-1978 

INTRODUCTION 

The U.S. Department o f  Energy's Hanford 
S i t e  i s  l oca ted  i n  a  r u r a l  r e g i o n  of south- 
eas te rn  Washington S ta te  and occupies an area 
o f  1500 km2 (560 square m i les ) .  The s i t e ,  
shown i n  F igu re  1, l i e s  about 320 km 
(200 mi 1  es) east  o f  P o r t  land, Oregon, 270 km 
(170 m i l e s )  southeast  o f  Sea t t l e ,  Washington, 
and 200 km (125 m i l e s )  southwest o f  Spokane, 
Washington. The Columbia R ive r  f l ows  through 
the  no r the rn  edge o f  t he  Hanford S i t e  and 
forms p a r t  o f  i t s  eas te rn  boundary. 

Es tab l i shed  i n  1943, t h e  Hanford p l a n t  was 
o r i g i n a l l y  designed, b u i l t ,  and operated t o  
produce p lu ton ium f o r  nuc lear  weapons. A t  
one time, n i n e  p roduc t i on  r e a c t o r s  were i n  
opera t ion ,  i n c l u d i n g  e i g h t  w i t h  once-through 
coo l i ng .  Between December 1964 and January 
1971, a l l  e i g h t  r e a c t o r s  w i t h  once-through 
c o o l i n g  were deact iva ted.  N Reactor, t h e  r e -  
main ing p roduc t i on  r e a c t o r  i n  opera t ion ,  has 
a  c losed p r imary  c o o l i n g  loop. Steam f rom N 
Reactor ope ra t i on  i s  used t o  d r i v e  t u r b i n e  

generators t h a t  produce up t o  860 mi 11 i o n  
wa t t s  o f  e l e c t r i c a l  power i n  t h e  Washington 
Pub1 i c  Power Supply System's (WPPSS) Hanford 
Generat ing P lant .  By t h e  end of 1978, N Re- 
a c t o r  had supp l i ed  enough steam t o  produce 
n e a r l y  45 b i l l i o n  k i l o w a t t  hours o f  e l e c t r i -  
c a l  energy, which was fed t o  t h e  Bonnev i l l e  
Power A d m i n i s t r a t i o n  g r i d  cove r ing  t h e  Pac i -  
f i c  Northwest. 

F a c i l i t i e s  on t h e  Hanford S i t e  i n c l u d e  the 
h i s t o r i c  r e a c t o r  f a c i l i t i e s  f o r  p lu ton ium 
p roduc t i on  a long the  Columbia River ,  i n  what 
are  known as t h e  100 Areas. The r e a c t o r  
f u e  1  -processing and waste-management fac  i 1 i - 
t i e s  a re  on a  p la teau  about 11.3 km (7  m i l e s )  
f rom t h e  r i v e r  i n  t he  200 Areas. The 300 
Area, j u s t  n o r t h  o f  t h e  c i t y  of Richland, 
con ta ins  the  r e a c t o r  f ue l  manufacturing f a -  
c i l i t i e s  and research and development labora-  
t o r i e s .  The Fast  F lux  Test F a c i l i t y  (FFTF) 
i s  l o c a t e d  i n  t h e  400 Area approx imate ly  
3.4 km (2.1 m i l e s )  northwest o f  t h e  300 Area. 

FIGURE 1. DOE'S Hanford S i t e  i n  Washington S ta te  



Pr i va te l y  owned f a c i l i t i e s  located w i t h i n  
the Hanford S i t e  boundaries include the WPPSS 
generating s ta t i on  adjacent t o  N Reactor, the 
WPPSS power reactor  s i t e  and o f f  i ce  bu i ld -  
ings, a hazardous waste disposal s i te ,  and a 
radioact ive waste b u r i a l  s i t e .  The Exxon 
fue l  f ab r i ca t i on  f a c i l i t y - i s  located i m e d i -  
a t e l y  adjacent t o  the southern boundary o f  
the Hanford Site. 

Pr inc ipa l  WE contractors operat ing a t  
Hanford are: 

Rockwell Hanford Operations (RHO)-- 
responsible f o r  f u e l  processing, waste 
management, and a1 1 s i t e  support services 
such as p lan t  secur i ty ,  f i r e  protect ion, 
cen t ra l  stores, e l e c t r i c a l  power d i s t r i bu -  
t ion ,  etc. 

Ba t te l l e  Memorial I n s t i t u t e ' s  Pac i f i c  
Northwest Laboratories--responsible f o r  
operat ing the Pac i f i c  Northwest Labora- 
t o r y  (PNL), inc lud ing  research i n  the 
physical, l i f e ,  and environmental sc i -  
ences, environmental surve i l  1 ance, and 
advanced met hods o f  nuclear waste 
management. 

UNC Nuclear Indus t r ies  (UN1)-- 
responsible f o r  operat ing and fab r i ca t i ng  
f ue l  f o r  N Reactor. 

Westinghouse Hanford Company (WHC)-- 
responsible f o r  operat ing the Hanford 
Engineering Development Laboratory (HEDL) , 
i nc 1 ud i ng advanced reactor  developments, 
p r i n c i p a l l y  the L iqu id  Metal Fast Breeder 
Reactor Program and the Fast Flux Test 
F a c i l i t y .  

During 1978, work a t  Hanford included N 
Reactor operation, nuclear f u e l  fabr ica t ion ,  
l i q u i d  waste s o l i d i f i c a t i o n ,  continued con- 
s t ruc t i on  o f  the Fast Flux Test F a c i l i t y ,  
Hanford National Environmental Research Park 
(NERP) studies, and A r i d  Lands Ecology (ALE) 
studies, as wel l  as continued use o f  a va r i -  
e t y  o f  research and 1 aboratory f a c i l  i t ies .  

The desert p l a i n  on which Hanford i s  lo -  
cated has a sparse covering o f  vegetation 
p r i m a r i l y  su i ted  f o r  grazing. The most 
broadly d i s t r i bu ted  type o f  vegetation on 
the s i t e  i s  the sagebrush/cheatgrass/blue- 
grass comuni ty .  The mule deer i s  the most 
abundant b i g  game mamnal on the s i t e  whi le  
the most abundant small game animal i s  the 
c o t t o n t a i l  rabb i t .  The raccoon i s  the most 
abundant furbear ing animal. The osprey, 
golden eagle, and bald eagle are a1 1 occa- 
s ional  v i s i t o r s  t o  the r e l a t i v e l y  large areas 
o f  uninhabited land comprising the Hanford 
Si te.  

Hanford's c l imate i s  m i l d  and dry; the 
area receives approximately 16 cm (6.3 in .  ) 
o f  'p rec ip i ta t ion  annually. About 40% o f  the 
t o t a l  p rec ip i t a t i on  occurs during November, 
December, and January, w i t h  only  10% f a l l i n g  
i n  July, August, and September. The average 
maximum and minimum temperatures i n  Ju ly  are 
330C (920F) and 160C (610F). For January, 
the respect ive averages are 3OC (37OF) and 
-60C (220F). Approximately 45% o f  a l l  pre- 
c i p i t a t i o n  from December through February i s  
snow. 

Mean monthly wind speeds range from about 
14 km/hr (9 mph) i n  the sumer t o  10 km/hr 
(6  mph) i n  the winter.  The p reva i l i ng  re- 
gional winds are from the northwest, w i t h  
strong drainage and crosswinds causing com- 
p l  icated surface f low patterns. The region d 

i s  a t yp i ca l  desert area w i th  frequent strong 
inversions tha t  occur a t  n igh t  and break 
during the day, causing unstable and turbu- d 

len t  condit ions. 

With the exception o f  Hanford-related i n -  
dustr ies, the economy o f  the region i s  p r i -  
mar i l y  agr icu l tu ra l .  Crops include a l f a l f a ,  
wheat, sugar beets, and potatoes. Several 
f r u i t  orchards are located w i th in  a short 
distance o f  the Hanford Site. The Columbia 
River i s  used extensively  f o r  recreat ional  
purposes inc luding f ish ing.  

The populat ion center nearest t o  the Han- 
f o r d  S i t e  i s  the T r i -C i t i es  area (Richland, 
Pasco, and Kennewick), s i tua ted  on the Colum- 
b i a  River downstream from the s i t e .  The 
three comun i t i es, w i t h  a combined popu 1 a t  i on . 

o f  approximately 80,000, use the Columbia 
River as a source o f  d r ink ing  water. Approx- 
imately 250,000 people l i v e  w i t h in  an 80-km 
(50-mile) radius o f  the Hanford Site, i n  the 
Yakima area, the Tr i -C i t ies ,  several small 
comnunities, and the surrounding ag r i cu l t u ra l  
areas. 

The Hanford environmental survei 1 1 ance 
program i s  conducted by PNL under contract t o  
DOE. This program i s  designed t o  measure 
leve ls  o f  radionucl ides and rad ia t i on  i n  the 
Hanford environs and t o  determine what por- 
t i ons  are a t t r i b u t a b l e  t o  natura l  causes, 
worldwide fa1  lout ,  and Hanford operations. 
The comprehensive ground-water monitor ing 
program, a lso conducted by PNL f o r  DOE, com- 
plements the surface por t ion  of the t o t a l  
program by determining the concentration, 
d i s t r i bu t i on ,  and impact o f  radionucl ide and 
chemical co s i t uen ts  and i s  documented 
separately.?lf Other environmental data co l -  
lected deal w i t h  ce r ta in  nonradioactive a i r -  
borne po l lu tan ts  and w i th  the chemical and 
b io log i ca l  q u a l i t y  o f  the Columbia River and 
sani tary water. 



All samples are collected according to a concentrations that is attributable to Hanford 
master urveill ance schedule pub1 ished each operations is compar d with the regulations in 
year.(23 The analytical results of these ram- Manual Chapter 0524.74) Concentrations of 
ples are presented and evaluated in a series nonradioactive pollutants are compared with 
of annual reports;(3) included in this report applicable s andards of the state of 
are data collected during 1978. Any contri- Washington(5j or he Environmental Pro- 
bution to air- or waterborne radionucl ide tection Agency. (6) 



SUMMARY 

Environmental da ta  c o l  l e c t e d  d u r i n g  1978 
show c o n t i  nued compl i ance by Hanford-wi t h  a1 1  
a p p l i c a b l e  s t a t e  and f e d e r a l  regu la t i ons .  

Data were c o l l e c t e d  f o r  most environmental  
media i n c l u d i n g  a i r ,  Columbia R ive r  water, 
e x t e r n a l  r a d i a t i o n ,  f o o d s t u f f s  (mi 1  k, beef, 
eggs, p o u l t r y ,  and produce) and w i l d l i f e  
(deer, f i s h ,  and game b i r d s ) ,  as w e l l  as 
s o i l  and vege ta t i on  samples. 

I n  general, o f f s i t e  l e v e l s  o f  rad ionu-  
c l i d e s  a t t r i b u t a b l e  t o  Hanford ope ra t i ons  
d u r i n g  1978 were i n d i s t i n g u i s h a b l e  f rom back- 
ground l e v e l s .  The data  are summarized i n  
the  f o l l o w i n g  h i g h l i g h t s .  

Hanford ope ra t i ons  d u r i n g  1978 caused no 
d i s t i n g u i s h a b l e  impact on concen t ra t i ons  
o f  a i rbo rne  r a d i o n u c l  i des  o r  on e x t e r n a l  
r a d i a t i o n  dose measured near t o  and f a r  
f rom the Hanford S i te .  (See pages 6-9 
and 22-25. ) 

Maximum concen t ra t i ons  o f  a i rbo rne  r a d i o -  
n u c l i d e s  were observed f o l l o w i n g  the  
March 15, 1978 atmospher ic nuc lear  t e s t  
by the People 's  Republ ic  o f  China. (See 
page 7.) 

Concentrat ions o f  1311 as h igh  as 8  pC i la  
were observed i n  m i l k  samples f o l l o w i n g  
t h e  Chinese nuc lear  t e s t  i n  March. The 
maximum h y p o t h e t i c a l  dose t o  an i n f a n t  
t h y r o i d  f rom consumption o f  m i l k  a t  t he  
observed l e v e l s  was about 1 mrem. (See 
pages 15-16. ) 

Radioncul i des  observed i n  f o o d s t u f f s ,  
w i l d l i f e ,  and s o i l  samples were a l l  a t -  
t r i b u t e d  t o  e i t h e r  wor ldwide f a l l o u t  o r  
n a t u r a l  sources. (See pages 15-21.) 

Ex te rna l  dosimeter measurements along the  
Columbia R ive r  i s l a n d s  and sho re l i ne  near 
t h e  Hanford S i t e  showed e levated doses 
a t t r i b u t e d  t o  the  presence o f  a  few long- 
l i v e d  rad ionuc l i des ,  p r i n c i p a l l y  ~ O C O ,  
f r om past  ope ra t i on  o f  once-through- 
coo led p roduc t i on  reac to rs .  (See 
pages 22-25. ) 

Low-level  concen t ra t i ons  o f  a  few r a d i o -  
nuc l i des  re leased t o  the  Columbia R ive r  
f rom N Reactor d u r i n g  1978 were observed 
a t  t he  downstream sampling l o c a t i o n .  A l l  
o f  the  observed r i v e r  concen t ra t i ons  were 
f a r  l ess  than 1% o f  the  most r e s t r i c t i v e  
Manual Chapter guides f o r  u n r e s t r i c t e d  
areas. (See pages 10-11.) 

The es t imated impact o f  Hanford ope ra t i ons  
i n  terms o f  r a d i o l o g i c a l  dose was computed 
fo r  bo th  the  maximum i n d i v i d u a l  and t h e  popu- 
1  a t i o n  around Hanford. (The maximum i n d i v i d -  
u a l  i s  a  hypo the t i ca l  person s i t u a t e d  so as 
t o  rece i ve  the  maximum r a d i a t i o n  exposure 
poss ib le . )  These doses i nc lude  t h e  impact o f  
measurable l e v e l s  o f  r a d i o n c u l i d e s  i n  t h e  en- 
vironment and those known t o  have been r e -  
leased b u t  not  de tec tab le  i n  the  environment. 
Summarized i n  the  f o l l o w i n g  h i g h l i g h t s  are t h e  
es t imated r a d i o l o g i c a l  impacts d u r i n g  1978. 

The maximum "fence-post"  exposure r a t e  
f o r  1978, 0.075 mRIhr, occurred on t h e  
shore o f  t he  Columbia River  i n  t h e  v i c i n -  
i t y  o f  N Reactor. S l i g h t l y  contaminated 
s o i l  a long the  sho re l i ne  i s  respons ib le  
f o r  v i r t u a l l y  a l l  o f  t he  exposure r a t e  a t  
t h i s  p o i n t .  Discharge o f  l ow- leve l  con- 
taminated water f rom N Reactor i s  t h e  
cause o f  t h i s  s o i l  contaminat ion.  (See 
page 31. ) 

The maximum annual whole-body dose t o  an 
i n d i v i d u a l  f rom 1978 e f f l u e n t s  was e s t i -  
mated t o  be l ess  than 0.1 mrem. Th is  
inc luded c o n t r i b u t i o n s  f rom a i rborne,  
dr ink ing-water ,  i r r i g a t e d  f o o d s t u f f ,  and 
aqua t i c  r e c r e a t i o n  pathways. The annual 
dose t o  a  s i n g l e  organ rece ived  f rom a1 1  
pathways was l ess  than 0.5 mrem t o  t h e  
t h y r o i d .  These doses can be compared 
w i t h  the  standards o f  Manual Chapter 0524 
o f  500 mremlyr f o r  t h e  whole body and 
1500 mremlyr f o r  organs o t h e r  than t h e  
gonads and the  bone marrow. (See pages 
26-29. ) 

A i rborne e f f l u e n t s  f rom t h e  Hanford S i t e ' s  
t h r e e  ope ra t i ng  areas r e s u l t e d  i n  an an- 
nual  whole-body dose t o  t h e  p o p u l a t i o n  
w i t h i n  an 80-km (50-mi le)  r a d i u s  o f  Han- 
f o r d  o f  about 1.5 person-rem. L i q u i d  
e f f l u e n t s  d u r i n g  1978 c o n t r i b u t e d  v e r y  
l i t t l e  (about 0.01 person-rem) t o  t h e  
t o t a l  popu la t i on  dose. Th is  dose e s t i m a t e  
may be compared w i t h  the  app rox ima te l y  
25,000 person-rem rece ived  a n n u a l l y  f r o m  
n a t u r a l  background r a d i a t i o n .  (See pages 
26-32. ) 

A i r  q u a l i t y  measurements o f  NO2 i n  t h e  
v i c i n i t y  o f  the  Hanford S i t e  and re leases  o f  
SO2 o n s i t e  were w e l l  w i t h i n  t h e  a p p l i c a b l e  
f e d e r a l  and s t a t e  standards. P a r t i c u l a t e  
a i r  concent ra t ions exceed the  s tandards p r i -  
m a r i l y  because o f  a g r i c u l t u r a l  a c t i v i t i e s  i n  
the  area. (See page 8.) 



Discharges o f  waste water from Hanford System (NPDES) permit  were a l l  w i t h i n  the 
f a c i l i t i e s  i n t o  the Columbia River  under the parameter l i m i t s  on the permit .  (See 
National  Po l lu t ion  Discharge El iminat ion page 14.) 



ATMOSPHERIC MONITORING 

Many radionuclides from both natural sources and worldwide fallout are present in 

the atmosphere. Potential contributions to radionuclide levels from Hanford operations 

are smaller than those already present from worldwide fallout. Air is routinely sam- 

pled at numerous locations close to and distant from the Hanford Site to determine the 

existence and constituents of any Hanford contribution to the airborne radionuclide 

concentrations. During 1978, no statistically significant difference was observed be- 

tween radionuclide concentrations at sampling locations near to and distant from the 

Hanford Site. Hanford contributions were thus indistinguishable from existing regional 

levels. The maximum airborne radionucl ide concentrations were observed in the spring 

months and are attributed to the March 15, 1978, Chinese nuclear weapons test. 

AIR SAMPLING 

During 1978, radionuclides in the atmo- 
sphere were sampled by a network of 18 perim- 
eter and 5 distant continuous air samplers at 
locations shown in Figure 2. Particulate 
airborne radionuclides are sampled by drawing 
air at a flow rate of 2.55 m3/hr (1.5 ft3/min) 
through 5-cm (2-in.)-diameter high-efficiency 
asbestos fi 1 ter papers. Immediately down- 
stream from the particulate filter is a 
cartridge of activated coconut charcoal im- 
pregnated with potassium iodide for the col- 
lection of gaseous radioiodine. Atmospheric 
moisture, for tritiated water analysis, is 
collected by passing a portion of the air 
flow through a cartridge of indicatin 1 l i -  lica gel at a rate of 28.4 R/hr (1 ft /hr). 

w- 
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FIGURE 2. Air Sampling Locations 

The particulate filters are collected bi- 
weekly and analyzed for gross beta and alpha 
activity after a wait of 7 days to allow the 
naturally-occurring short-lived radon and 
thoron daughters to decay. Once a month the 
fi 1 ters are grouped by geographical location 
and analyzed by gamna spectrometry. Each 
quarter the filters in each geographical 
group are dissolved and analyzed for 9% and 
plutonium. Charcoal cartridges from six of 
the sampling locations are collected and 
analyzed biweekly for 1311. If the results 
of these analyses indicate the need, char- 
coal cartridges at the remaining stations are 
analyzed monthly. Otherwise they are just 
changed monthly. The silica gel cartridges, 
located at three of the perimeter sampling 
stations, are collected and analyzed 
biweekly. 

RADIOLOGICAL ANALYSIS 

Results for the parti late gross beta, 
gross alpha and gaseous !Y1I analyses for 
perimeter and distant sampling stations are 
shown in Table 1. Gross beta-emitter concen- 
trations during 1978 were essentially the 
Sam at all stations, averaging 0.11 x f 10- 2 pCi/ml for the perimeter stations and 
0.10 x 10-12 pCi/rnl for the distant stations. 
The slight variation between perimeter and 
distant concentrations is statistically in- 
significant, indicating no measurable Han- 
ford contribution to the airborne beta- 
emitter concentration. The decrease from 
the 1977 concentration of 0.19 x 10-12 pCi/ml 
for the perimeter stations is attributed to 
a reduction in worldwide fallout levels. A 
similar decrease was noted for the average 
alpha-emi tter concentr tions. Small concen- 

13f trations of gaseous I were detected for 
a short time following the atmospheric 



TABLE 1. A i rbo rne  R a d i o a c t i v i t y  i n  t h e  Hanford Environs 

Concent ra t ion  

L o c a t i o n  

~ u i d e ( ~ )  
No. o f  
Samples 

Per imeter  S t a t i o n s  

Rat t lesnake Spr ings 

ALE 

Benton C i t y  

Yakima B a r r i c a d e  

Vern i  t a  

Wahluke 82 

O t h e l l o  

Connel l 

Berg Ranch 26 

Uahluke Uatermaster  26 

Cooke Bros. 24 

Rich land 24 

Pasco 24 

Byers Landing 25 

P e t t e t t  Farm 25 

F i r  Road 2  1  

RRC CP #64(d '  20 

RRC CP 863(d)  6  

1100 Area 26 

D i s t a n t  S t a t i o n s  

Walla U a l l a  26 

McNary 26 

Moses Lake 24 

Washtucna 22 

Sunnyside 23 

Maximum 

0.60 

0.62 

0.49 

0.65 

0 .30 

0.34 

0.44 

0.56 

0.42 

0.33 

0.43 

0.37 

0.48 

0.49 

0.54 

0.25 

0.28 

0.46 

0.40 

0 . 4 6  

0 .20 

0 .20 

0.65 

0.27 

Gross Beta 
100 

Minimum Average"' 

Concent ra t ion  ( 1 0 - I ?  v C i / m l )  

Gross 
- 

0.03 
No. of 

Samples Maximum Minimum ~ v e r a g e ' ~ )  

Iod ine-131 
100 

No. of 
Samples Maximum Minimum ~ v e r a g e " )  

Gross a lpha a c t i v i t y  does n o t  i n c l u d e  any s i g n i f i c a n t  c o n t r i b u t i o n  due t o  n a t u r a l l y - o c c u r r i n g  radon and s h o r t - l i v e d  daughters  i n  t h e  a i r .  
F i l t e r s  a r e  h e l d  7  days b e f o r e  a n a l y s i s  t o  a l l o w  r a d i o a c t i v e  decay o f  these r a d i o n u c l i d e s .  
Manual Chapter 0524 standards app ly  o n l y  t o  r a d i o n u c l i d e  c o n c e n t r a t i o n s  above those from wor ldwide f a l l o u t  o r  n a t u r a l l y - o c c u r r i n g  r a d i a t i o n .  
Average i two s tandard  d e v i a t i o n s  i s  shown i f  a l l  ana lyses were p o s i t i v e .  Otherwise, a  l e s s - t h a n - d e t e c t a b l e  va lue was c a l c u l a t e d  f rom a l l  
r e s u l t s ,  assuming t h a t  a l l  l e s s - t h a n - d e t e c t a b l e  r e s u l t s  were equal t o  t h e  d e t e c t i o n  l i m i t  f o r  t h e  a n a l y s i s .  

( d )  R i c h l a n d  Research Complex c o n t r o l  p l o t .  

No e n t r y  i n d i c a t e s  no a n a l y s i s .  

' Less than t e c t a b l e .  Approximate d e t e c t i o n  l i m i t s  were: gross  beta .  0.005 x  10- I '  uCi /ml ;  g ross  a lpha.  0.0003 x l o - "  u l i i m l ;  l3 '1 ,  
0.01 x 10- fs  vCi /ml .  

nuc lear  t e s t  by the  People 's  Republ ic  o f  
China i n  March o f  1978. 

Gross a i rbo rne  be ta -emi t te r  concen t ra t i ons  
f o r  t he  years  1974 through 1978 a re  shown i n  
F igu re  3. Compared are  the  average monthly 
concen t ra t i ons  a t  per imeter  and d i s t a n t  s ta -  
t i o n s  i n  the  predominant downwind d i r e c t i o n .  
The increase i n  a i rbo rne  r a d i o n u c l i d e  concen- 
t r a t i o n s  observed i n  the  s p r i n g  i s  due t o  an 
i nc rease  i n  the  r a t e  a t  which n a t u r a l  and 
nuc lear  weapons t e s t  r a d i o a c t i v i t y  i s  t r a n s -  
f e r r e d  f rom t h e  lower s t ra tosphere  t o  t h e  
t roposphere.  Th is  increase was n o t  observed 
i n  1976 o r  i n  1978. The shor t - te rm increase 
i n  1978 was due t o  t h e  Chinese nuc lear  t e s t  
i n  March, when a  maximum concen t ra t i on  o f  

0.65 x  10-12 ~ C i l m l  was observed. No i n -  
crease i n  a i rbo rne  beta-emi t te r  concentra-  
t i o n s  was detec ted f o l l o w i n g  t h e  December 14, 
1978 nuc lear  t e s t  by China. 

Shown i n  Tab le  2 are  t h e  r e s u l t s  o f  speci-  
f i c  r a d i o n u c l i d e  analyses. Be ry l1  ium-7 i s  a  
n a t u r a l l y - o c c u r r i n g  r a d i o n u c l i d e  formed by  
t h e  i n t e r a c t i o n  o f  cosmic rays  and n i t r o g e n  
i n  t h e  upper atmosphere. The o the r  rad ionu-  
c l i d e s ,  w i t h  t h e  except ion o f  p lutonium, are  
f i s s i o n  products  t h a t  r e s u l t  f rom atmospheric 
t e s t i n g  of nuc lear  weapons and, p o t e n t i a l  ly, 
from Hanford operat ions.  

A l l  o f  t h e  r a d i o n u c l i d e s  shown were ob- 
served a t  s im i  1  ar  concen t ra t i ons  a t  down- 
wind, d i s t a n t ,  and per imeter  l oca t i ons .  A l l  
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FIGURE 3. Average Monthly Gross Beta A c t i v i t y  i n  t h e  Atmosphere 

o f  t he  maximum observed concen t ra t i ons  
occur red d u r i n g  the  s p r i n g  months and are  
a t t r i b u t e d  t o  the  Chinese nuc lear  t e s t .  

NONRADIOLOGICAL ANALYSIS 

Atmospheric emissions of t o t a l  suspended 
, p a r t i c u l a t e s  (TSP), SO2, and NO2 are  w i t h i n  

a p p l i c a b l e  standards except f o r  t h e  TSP emis- 
s i o n  f rom two steam power p l a n t s .  P r o j e c t s  

\ have been de f i ned  t o  b r i n g  the TSP emissions \ w i t h i n  a p p l i c a b l e  standards. 

The Hanford S i t e  and sur round ing area a r e  
n o t  i n  compliance w i t h  t h e  n a t i o n a l  and s t a t e  
p r imary  ambient a i r  standards f o r  TSP.1 There 
a r e  severa l  reasons f o r  t h i s ,  none o f  which 
a re  r e l a t e d  t o  Hanford ope ra t i ons .  Pr imary 
c o n t r i b u t o r s  t o  t h e  TSP concen t ra t i ons  i n  
t h i s  area a r e  a g r i c u l t u r a l  and c o n s t r u c t i o n  , a c t i v i t i e s .  P o i n t  source emissions o f  TSP 

' on t h e  Hanford S i t e  t o t a l  l e s s  than 
5000 tons /y r  compared t o  an es t imated 

2,500,000 tons i n  f u g i t i v e  dust  emissions 
f rom t h e  sur round ing three-county  area. 

Dur ing t h e  l a s t  s i x  months o f  1978, mea- 
surements o f  NO2 concen t ra t i ons  were made 
by  the  Hanford Environmental H e a l t h  Founda- 
t i o n  a t  severa l  l o c a t i o n s  on t h e  s i t e  bo n - 
ary.  An EPA-designated method was used. !77 
The maximum 24-hour concen t ra t i on  o f  50 pg/m3 
occur red across t h e  Columbia R ive r  f rom t h e  
300 Area near t h e  Byers Landing sampl ing 
s t a t i o n .  The maximum long-term average con- 
c e n t r a t i o n  o f  NO2 occur red a t  t h e  same 
l o c a t i o n  and was < I 2  pg/m3. These concentra-  
t i o n s  a re  w e l l  below t h e  a p p l i c a b l e  n a t i o n a l  
and s t a t e  ambient a i r  standards o f  250 pg/m3 
and 100 pg/m3 f o r  d a i l y  average and annual 
mean, r e s p e c t i v e l y .  

None o f  t h e  emissions o f  SO2 f rom t h e  
f o u r  a c t i v e  steam power p l a n t s  exceed t h e  
s t a t e  emission standard o f  1000 ppm. 



TABLE 2. Selected Airborne Radionucl i d e  Concentrations 
i n  the Hanford Environs 

Concen t ra t ion  ( l o - '  u C i / n l )  
Manual Chapter Composite Maximum Minimum Annual 

Radionucl i d e  0524, Table 1 ~ r o u ~ ( b )  Observed Observed Average 

3~ 200,000 D i s t a n t  NS NS 
Per imeter  3.5 * ~ 0 . 8  
Downwind NS NS 

D i s t a n t  
Per imeter  
Downwind 

D i s t a n t  
Per imeter  
Downwind 

D i s t a n t  
Per imeter  
Downwind 

D i s t a n t  
Per imeter  
Downwind 

D i s t a n t  
Per imeter  
Downwind 

D i s t a n t  
Per imeter  
Downwind 

D i s t a n t  
Per imeter  
Downwind 

D i s t a n t  
Per imeter  
Downwind 

( a )  Manual Chapter 0524 standards apply  o n l y  t o  r a d i o n u c l i d e  concen t ra t ions  above 
those from wor ldwide f a l l o u t  o r  n a t u r a l l y - o c c u r r i n g  r a d i a t i o n .  

( b )  D i s t a n t  s t a t i o n s  i n c l u d e  Moses Lake, Washtucna, Walla Wal l a ,  McNary Dam, and 
Sunnyside. Per imeter  s t a t i o n s  a r e  Wahluke #2, Berg Ranch, O t h e l l o ,  V e r n i t a ,  
Wahluke Watermaster, Connel l ,  Cooke Bros. ,  Yakima Bar r i cade ,  Ra t t l esnake  
Spr ings,  ALE, Benton C i t y ,  F i r  Road, Prosser  Barr icade.  Byers Landing, 
P e t t e t t ,  R ich land,  Pasco, 1100 Area, and RRC CP #63 and 64. Downwind 
s t a t i o n s  a r e  F i r  Road, Prosser  Barr icade,  Byers Landing, Pasco, Rich land,  
P e t t e t t ,  1100 Area, and RRC CP #63 and 64. 

* Less than t h e  d e t e c t i o n  l i m i t .  Th is  l i m i t  v a r i e s  f o r  each a n a l y s i s  because o f  
d i f f e r e n t  a i r  f l o w  volumes. coun t ina  t imes and r a d i o n u c l i d e  concen t ra t ions .  
A  prox imate d e t e c t i o n  1  i m i t s  i n  u n i i s  o f  10-12 pCi/ml were 7 ~ e ,  0.02; S 4 ~ n ,  0.002; 
9gSr, 0.0002; 9 5 z r ~ b ,  0.002; ~ O ~ R U ,  0.02; 1 3 7 ~ s ,  0.002; 1 4 4 ~ e ~ r ,  0.02; Pu, 0.000001 

NS = No Samples 



COLUMBIA RIVER MONITORING 

The Columbia River  f rom Grand Coulee Dam t o  t h e  Washington-Oregon border,  a 

s t r e t c h  t h a t  i nc ludes  the Hanford reach, has been designated Class A o r  exce l -  

l e n t  by t h e  Washington S t a t e  Department o f  Ecology. ( 5 )  Th is  des igna t ion  r e -  

q u i r e s  t h a t  i n d u s t r i a l  uses o f  the  r i v e r  be c o m p a t i b l e l w i t h  s u b s t a n t i a l l y  a l l  

water needs i n c l u d i n g  s a n i t a r y  water, r e c r e a t i o n ,  and w i l d l i f e ,  as i n d i c a t e d  i n  

Appendix A. Many measurements o f  r a d i o n u c l i d e  concentratyon, temperature, 

n i t r a t e  ion,  pH, t u r b i d i t y ,  d i sso l ved  oxygen, f e c a l  and t o t a l  c o l i f o r m ,  and 

b i o l o g i c a l  oxygen demand are  r o u t i n e l y  conducted upstream and downstream f rom 

Hanford t o  mon i to r  any e f f e c t s  t h a t  may be a t t r i b u t a b l e  t o  Hanford operat ions.  

The 1978 measurements show t h a t  Hanford ope ra t i ons  had a minimal  impact on t h e  

q u a l i t y  o f  Columbia R ive r  water. A l l  parameters moni tored were w e l l  w i t h i n  

s t a t e  o r  f e d e r a l  l i m i t s  b o t h  upstream and downstream f rom t h e  Hanford S i t e .  

RADIONUCLIDE ANALYSES 

Samples o f  Columbia R ive r  water were rou- 
t i n e l y  c o l l e c t e d  a t  upstream and downstream 
loca t i ons .  Upstream sampl ing cons i s ted  o f  a 
cont inuous f i l t e r - r e s i n  sampler a t  P r i e s t  
Rapids Dam and a cumu la t i ve  sampl ing appara- 
t u s  a t  t he  100-0 Area water i n take .  Down- 
stream sampling cons i s ted  o f  a cont inuous 
f i 1 t e r - r e s i  n sampler a t  t h e  300 Area fo rebay  
and a cumula t ive  sampling apparatus a t  t h e  
Rich land s a n i t a r y  water t reatment  p l a n t .  
Analyses f o r  gamna-emitt ing rad ionuc l i des ,  
t r i t i u m ,  stront ium-90, iodine-129, t o t a l  
p lutonium, and n a t u r a l  uranium were r o u t i n e l y  
performed on the  samples. 

Since shutdown o f  t he  l a s t  once-through- 
coo led p roduc t i on  r e a c t o r  i n  January 1971, 
r a d i o n u c l  i d e  concen t ra t i ons  a t t r i b u t a b l e  t o  
Hanford ope ra t i ons  have been g e n e r a l l y  unde- 
t e c t a b l e  i n  t h e  cumula t ive  Columbia R ive r  
water samples. Ana lys i s  o f  t he  f i l t e r s  and 
r e s i n  f rom the  cont inuous f i l  t e r - r e s i n  sam- 
p l e r  p rov ides  r a d i o n u c l i d e  d e t e c t i o n  l i m i t s  
f a r  below those o b t a i n a b l e  f rom cumula t ive  
water sample ana lys i s .  To improve t h i s  sys- 
tem s t  i 11 f u r t h e r ,  gamna-emi t t e r  analyses 
were performed u s i n g  a h i g h  r e s o l u t i o n  GeLi 
d e t e c t o r  a f t e r  March 1978 . Th is  change 
means s a c r i f i c i n g  some s e n s i t i v i t y  f o r  ce r -  
t a i n  r a d i o n u c l i d e s  i n  o rde r  t o  be a b l e  t o  
d e t e c t  o the rs  i n  a complex m i x t u r e  o f  r a d i o -  
nuc l i des .  A l l  d e t e c t i o n  l i m i t s  a r e  s t i l l ,  
however, f a r  below t h e  most r e s t r i c t i v e  Con- 
c e n t r a t i o n  Guides o f  Manual Chapter 0524. 

Shown i n  Tables 3 and 4 a r e  a l l  rad ionu-  
c l i d e s  detec ted i n  a t  l e a s t  one sample up- 
s t ream o r  downstream f rom t h e  Hanford S i t e .  
The column f o r  number o f  samples i nc ludes  

o n l y  samples f o r  which a r e s u l t  was repo r ted .  
Table 3 summarizes t h e  1978 concen t ra t i ons  o f  
n a t u r a l  and wor ldwide f a l l o u t  r a d i o n u c l i d e s  
measured i n  a s t r e t c h  o f  t h e  Columbia R ive r  
be fo re  i t  reaches the  Hanford S i t e .  Table 4 
presents  analogous da ta  obta ined downstream 
f rom Hanf o r  d . 

TABLE 3. Rad ionuc l ide  Concentra i ns  
Upstream f rom Hanford Operat i  onstay  

- Concentration ( lo- '  pCi/ml ) 
No. of  Maximum Minimum Annual 

Radionuclide Samples Observed Observed ~ v e r a g e ( ~ )  

Natural ly  Occurrinq 

4 0 ~  

2 2 6 ~ a  

2 2 8 ~ a  

U-Nat 

3~ 

5 9 ~ e  

6Oc.a 

9 G ~ r  

95~rNb  

'03Ru 

'06uu 

Iz5Sb 
129, 

131 

1 5 2 ~ u  

Pu Total 

0.94 0 .41 

0.08 0.02 

0.34 0.14 

0.71 0.25 

Worldwide Fal lout  

560 

0.014 

0.31 

0.44 0.19 

0.011 

2.2 10-5 5 .1  10-6 

0.14 

1 .7  x 

( a )  Samples collected a t  Pr iest  Rapids Dam and 100-8 Area forebay. 
(b )  Annual average t two standard deviations i s  shown i f  a l l  analyses 

were posi t ive.  Otherwise, a less-than-detectable value was calcu- 
lated from a l l  resul ts ,  assuming that  a l l  less-than-detectable 
resul ts  were equal to  the detection l i m i t  for the analysis. 

' Less than detectable. 



TABLE 4. Radionuc l i d e  Concent ra t i  n 
Downstream f rom Hanford Operat ions ?a? 

C o n c e n t r a t i o n s  ( l o - '  p C i l m l )  
No. o f  Maximum Minimum Annual C o n c e n t r a t i o n  

R a d i o n u c l i d e  Samples Observed Observed ~ v e r a g e ' ~ )  ~ u i d e ( c )  

N a t u r a l l y  O c c u r r i n q  

4 0 ~  10 1  .O 0 .35  0.73 k 0.11 -- 
2 2 6 ~ a  4 0.06 < 0 .04  30 

2 2 8 ~ a  4  0.38 0.15 0.27 7,000 

U-Nat 11 0.84 0.34 0.54 ? 0.27 20,000 

3~ 
5 9 ~ e  

6 0 ~ 0  

9osr  
9 5 ~ r ~ b  

lo3I?u 

I o 6 ~ u  

l z 5 s b  
12gI 

131 

1  5ZEU 

Pu T o t a l  

A r t i f i c i a l l y  Produced 

950 4 5 0  

0.34 < 0.359 

0.30 < 0.035 

1 .1  0.22 0.46 t 0.43 

0.36 < 0.06 

0.23 < 0.039 

1 .4  < 0.23 

0 .40  < 0.080 

1 . 0  x 1.2 x 1 0 . ~  5 . 8  x 

3.26 < 0.067 

0.008 < 0.010 

2.1 x 6 . 8  x 1 . 1  x  1 0 ' ~  

( a )  Samples c o l l e c t e d  a t  300 Area fo rebay  and C i t y  o f  R i c h l a n d  s a n i t a r y  
i n t a k e .  

( b )  Annual average t two s tandard  d e v i a t i o n s  i s  shown i f  a l l  ana lyses  were 
p o s i t i v e .  Otherwise, a  l e s s - t h a n - d e t e c t a b l e  va lue  was c a l c u l a t e d  from 
a l l  r e s u l t s ,  assuming t h a t  a l l  l e s s - t h a n - d e t e c t a b l e  r e s u l t s  were equa l  
t o  t h e  d e t e c t i o n  l i m i t  f o r  t h e  a n a l y s i s .  

( c )  Manual Chapter  0524 s tandards  a p p l y  o n l y  t o  r a d i o n u c l i d e  c o n c e n t r a t i o n s  
above t h o s e  from wor ldw ide  f a l l o u t  o r  n a t u r a l l y - o c c u r r i n g  r a d i a t i o n .  

* Less t h a n  d e t e c t a b l e  

Several  radionuc 1 i des  were observed down- 
stream f rom the Hanford S i t e  a t  s l i g h t l y  
h ighe r  concen t ra t i ons  than were observed 
upstream. Table 4 a l s o  compares the detec ted 
r a d i o n u c l i d e  concen t ra t i ons  w i t h  g u i d e l i n e s  
f o r  the  environment presented i n  Manual Chap- 
t e r  0524, Table 11. I n  a l l  cases, t he  ob- 
served concen t ra t i ons  are l e s s  than 1% of the  
gu ide l i nes .  

Upstream and downstream data  f o r  severa l  
r a d i o n u c l i d e s  o f  p o t e n t i  a1 Hanford o r i g i n  
c o n s i s t e n t l y  observed i n  the  Columbia R ive r  
a t  concen t ra t i ons  g rea te r  than 0.001 pCi/k 
a re  shown i n  F igu re  4. A l l  o f  t he  rad ionu-  
c l i d e s  shown occur a t  s i m i l a r  concen t ra t i ons  
a t  bo th  l o c a t i o n s  and are a t t r i b u t e d  pr imar-  
i l y  t o  wor ldwide f a l l o u t  and n a t u r a l  causes. 

DRINK I NG WATER 

Many communities downstream f rom Hanford 
o b t a i n  t h e i r  d r i n k i n g  water i n  whole or  i n  

p a r t  f rom t h e  Columbia R ive r .  To determine 
t h e  impact o f  Hanford ope ra t i ons  on rad ionu-  
c l i d e  concen t ra t i ons  i n  d r i n k i n g  water, cumu- 
l a t i v e  water samples (30 ml every  30 minutes)  
were c o l l e c t e d  a t  the  Rich land s a n i t a r y  water 
t reatment  p l a n t .  R ich land i s  t h e  f i r s t  com- 
mun i t y  downstream f rom Hanford t o  o b t a i n  i t s  
d r i n k i n g  water f rom the Columbia River .  The 
d e t e c t i o n  l i m i t s  f o r  the  analyses performed 
on the  d r i n k i n g  water samples are  much 
h ighe r  than those f o r  t he  r i v e r  samples b u t  
are  cons i s ten t  w i t h  a n a l y t i c a l  procedures 
used and a re  w i t h i n  the g u i d e l i n e s  o f  t h e  
Washington S ta te  Water Qua1 i t y  Standards. 

Dur ing 1978, t h e  o n l y  r a d i o a c t i v i t y  de- 
t e c t e d  i n  the d r i n k i n g  water was gross alpha 
and gross b e t a  a c t i v i t y ,  as shown i n  Table 5. 
Washington S ta te  Water Q u a l i t y  Standards r e -  
q u i r e  t h a t  r a d i o n u c l i d e  concen t ra t i ons  i n  
d r i n k i n g  water no t  exceed 5 pCi/k o f  gross 
alpha a c t i v i t y  and 50 pCi/k o f  gross be ta  
a c t i v i t y  w i t h  the  f u r t h e r  s t i p u l a t i o n  t h a t  
c e r t a i n  i n d i v i d u a l  r a d i o n u c l i d e s  no t  exceed 
1/100 o f  t h e  values shown i n  Column 2, 
Table 11, Appendix A o f  t he  Washington S t a t e  
Rules a d Regula t ions f o r  Rad ia t i on  Pro tec-  
t i o n .  (57 To determine compl iance w i t h  the  
s t a t e  standard, t h e  average i n d i v i d u a l  r a d i o -  
n u c l i d e  concen t ra t i ons  shown i n  Table 4 can 
be compared w i t h  1/100 o f  t h e  Concent ra t ion  
Guide shown, recogn iz ing  t h a t ,  i n  many cases, 
t h e  water t reatment  f a c i l i t y  w i l l  reduce t h e  
r a d i o n u c l i d e  concen t ra t i ons  below those ob- 
served i n  t h e  r i v e r .  A l l  r a d i o n u c l i d e  con- 
c e n t r a t i o n s  are w e l l  w i t h i n  t h e  s t a t e  
standard. 

TEMPERATURE 

One o f  t h e  parameters of t h e  Columbia 
River  most l i k e l y  t o  be a f f e c t e d  by Hanford 
operat ions i s  temperature. F igu re  5 shows 
the average month1 y water temperatures mea- 
sured a t  V e r n i t a  Br idge and a t  R ich land dur-  
i n g  1978. Some o f  the  d i f f e r e n c e  between 
the two l o c a t i o n s  i s  due t o  n a t u r a l  causes 
w h i l e  some i s  a t t r i  u t a b l e  t o  opera t ions on 
the Hanford S i te .  (8) F igu re  6 i 11 u s t r a t e s  
the  d a i l y  and seasonal v a r i a t i o n s  i n  r i v e r  
temperature and f l o w  r a t e  d u r i n g  1978. Gaps 
i n  the  data  i n  t h i s  f i g u r e  r e s u l t  from equip- 
ment ma l func t i ons  a t  midyear and year end. 
The g rea tes t  d i f f e r e n c e  observed occurred 
d u r i n g  the  summer months when N Reactor was 
n o t  i n  opera t ion .  I n s o l a t i o n  appears t o  be 
t h e  major source of heat f o r  the  r i v e r .  Any 
heat  c o n t r i b u t i o n  f rom N Reactor opera t ions 
would be a smal l  f r a c t i o n  o f  the  seasonal 
increases a t t r i b u t a b l e  t o  i n s o l a t i o n .  



A U-NAT 

lUB 

FIGllRE 4. Upstream and Downstream 
Concentrations o f  Radionucl ides i n  
Columbia River Water 

UPSTREAM 
I 
I DOWNSTREAM 

r 
L 

I 
! A A 

0.0001 
J M M J S N  J M M J S N  

1978 

TABLE 5. Radio log ica l  Analyses o f  Rich land Dr ink ing  Water 

Concentrat ion ( pC i / t )  
No. o f  Detect ion Annual . . State 

Radionucl i de  Samples L i m i t  Maximum Minimum ~ve rage (a1  Standard 

Gross Alpha 5 1 0.4 2.3 * <0.7 5 
Gross Beta 51 5 7.8 * <5.2 50 

(a )  A less-than-detectable value was ca lcu la ted  f o r  t he  average, assuming 
t h a t  a l l  less-than-detectable r e s u l t s  were equal t o  t he  de tec t ion  l i m i t .  

* Less than detectable.  
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BIOLOGICAL ANALYSES 

Month ly  measurements of t o t a l  co l i f o rms ,  
f e c a l  c o l  i fo rms,  and b i o l o g i c a l  oxygen demand 
(BOD) were made on grab samples taken a t  Ver- 
n i t a  B r idge  (upstream f rom Hanford) and a t  
Richland. The data, summarized i n  Table 6, 
i n d i c a t e  an increase i n  t o t a l  and feca l  c o l i -  
f o rm concen t ra t i ons  downstream from Hanford. 
These increases a re  a t t r i b u t e d  t o  dra inage 
f rom farm a c t i v i t i e s  and t o  w i l d l i f e .  The 
Hanford s t r e t c h  o f  t h e  r i v e r  serves as a 
r e f u g e  f o r  l a r g e  popu la t i ons  of waterfowl, 
e s p e c i a l l y  i n  t he  autumn. 

The s t a t e  of Washington's t u r b i d i t y  stan- 
dard r e q u i r e s  t h a t  any i nc rease  due t o  use o f  
t h e  r i v e r  w i l l  be l ess  than  o r  equal  t o  5 JTU 
(Jackson T u r b i d i t y  U n i t s )  above t h e  back- 
ground l e v e l s .  No d i f fe rences were observed 
between Vern i  t a  Br idge and Rich 1 and, hence 
t h e  values i n  Table 6 a re  assumed t o  rep re -  
sent normal background t u r b i d i t y  i n  t h e  
r i v e r .  

The average values f o r  d i sso l ved  oxygen i n  
t h e  r i v e r  a t  b o t h  V e r n i t a  B r idge  and Rich-  
land are w e l l  above t h e  s tandard ' s  minimum 
of 8 mgl t .  

CHEMICAL ANALYSES WASTEWATER DISCHARGES TO THE COLLIMBIA RIVER 

Grab samples taken a t  V e r n i t a  Br idge and 
Rich land d u r i n g  1978 were a l s o  sub jec ted t o  
chemical analyses. The n i t r a t e  concentra-  
t i o n ,  pH, t u r b i d i t y ,  and d i sso l ved  oxygen 
con ten t  were determined. The r e s u l t s  were 
s i m i l a r  a t  t he  two l o c a t i o n s  and were w e l l  
w i t h i n  a p p l i c a b l e  standards adopted by  t h e  
s t a t e  o f  Washington f o r  Class A r i v e r s .  
(See Appendix A.) 

V i r t u a l l y  a l l  o f  t h e  pH measurements were 
w e l l  w i t h i n  the  6.5 t o  8.5 standard a l though 
two downstream measurements showed pHs of 9.2 
and 8.6. Upstream pHs were e leva ted  d u r i n g  
t h e  same per iod.  

Wastewater i s  d ischarged a t  n i n e  p o i n t s  
a long t h e  Hanford reach o f  t h e  Columbia 
River .  These discharges c o n s i s t  of backwash 
water from water i n t a k e  screens, c o o l i n g  
water, water s torage tank over f low,  and f i s h  
ha tche ry  wastewater. E f f l u e n t s  f rom each o f  
these o u t f a l l s  a re  r o u t i n e l y  moni tored as 
r e q u i r e d  by  t h e  Na t iona l  P o l l u t a n t  Discharge 
E l i m i n a t i o n  System (NPDES) permi t .  Among t h e  
e f f l u e n t  c h a r a c t e r i s t i c s  moni tored are t o t a l  
f low,  suspended s o l i d s ,  s e t t l e a b l e  so l i ds ,  
temperature, o i l s  and grease, f ree  a v a i l a b l e  
c h l o r i n e ,  and pH, depending on t h e  n a t u r e  o f  
t h e  e f f l u e n t .  Dur ing 1978, e f f l u e n t s  were 
w i t h i n  t h e  d ischarge l i m i t a t i o n s  prov ided i n  
t h e  NPDES permi t ,  w i t h  a few i s o l a t e d  
except ions.  

TABLE 6. Columbia R ive r  Chemical and B i o l o g i c a l  Analyses 

NO; PPm 45 5 1 0.82 <0.10 <0.29 51 1.4 <0.10 ~ 0 . 3 3  

Turb id i t y  JTU(') 5  + ~ k g d  4 5 2.7 0.70 1 . 7 t 0 . 9  44 2.7 0.72 1.7 i 0.8 

Dissolved O2 mg l t  8 39 15.2 9.1 12 t 3 40 15.6 8.1 12 i 4 

Total C o l i f o n s  No./100 ml - 13 920 2.0 7 0 ' ~ )  13 2400 8.0 1 3 0 ' ~ )  

Fecal Col i forms No.1100 ml 100 13 5 ~ 2 . 0  2 (d )  13 14 <2.0 7(d)  

(a)  pH, t u r b i d i t y  and d issolved O2 samples were obtained from 300 Area san i ta ry  water pumping dock. 
(b )  Average i two standard deviat ions i s  shown i f  a l l  analyses were pos i t i ve .  Otherwise, a  less-than-detectable value 

was ca lcu lated from a l l  resu l t s .  assuming t h a t  a l l  less-than-detectable r e s u l t s  were equal t o  the  de tec t ion  l i m i t  
for the  analys is .  

( c )  Jackson T u r b i d i t y  Uni ts .  
( d )  Annual median. 
(e) B io log ica l  Oxygen Demand. 



FOODSTUFFS 

Foodstu f fs ,  i n c l u d i n g  mi 1 k, beef, chicken, eggs, f r u i t ,  and l e a f y  vegetables, 

were c o l l e c t e d  f rom l o c a l  farms and commercial o u t l e t s  f o r  a n a l y s i s  o f  gamma- 

e m i t t i n g  r a d i o n u c l  i des  and Since t h e  Riverv iew farming area i s  i r r i g a t e d  

w i t h  Columbia River  water t h a t  has passed t h e  Hanford S i te ,  samples o f  f o o d s t u f f s  

were obta ined f rom t h i s  area. The 1978 measurements i n d i c a t e d  no observable impact 

f rom c u r r e n t  o r  past  Hanford operat ions.  E levated l e v e l s  o f  13'1 were observed 

i n  l o c a l  m i l k  samples f o l l o w i n g  an atmospheric nuc lear  de tona t ion  on March 15, 

1978, by the  People 's Republ ic  o f  China. The maximum dose t o  t h e  i n f a n t  t h y r o i d  

was c a l c u l a t e d  t o  be l ess  than 1 mrem. 

MILK - 
M i l k  was sampled every  2 weeks a t  f i v e  

farms near t h e  Hanford S i te ,  a long w i t h  a 
composite sample c o l l e c t e d  f rom f o u r  o the r  
farms across the  Columbia River  f rom Hanford. 
Monthly samples were a l so  obta ined f rom two 
commercial supp l i e rs .  Farm l o c a t i o n s  are 
shown i n  F igu re  7. Each m i l k  sample was 
analyzed by gamma spect rometry  f o r  gamma- 
e m i t t i n g  r d i o n u c l i d e s  and b s p e c i f i c  ana ly -  
s i s  f o r  13f1. Analyses f o r  a o ~ r  were made 
on a q u a r t e r l y  bas is .  

A n a l y t i c a l  r e s u l t s  obta ined f rom samples 
c o l l e c t e d  d u r i n g  1978 a r e  summarized i n  
Table 7. Potassium-40, a n a t u r a l  l y - o c c u r r i n g  
rad ionuc l i de ,  was most abundant i n  t h e  m i l k  
samples. S t r o n t i  um-89 and s t ront ium-90 were 
found i n  many m i l k  samples a t  l e v e l s  a t t r i -  
buted t o  wor ldw'd f a l l o u t .  The maximum con- 

137 c e n t r a t i o n s  o f  I i n  m i l k  were observed 
f o l l o w i n g  t h e  March 15 Chinese atmospheric 
nuc lear  detonat ion.  FIGURE 7. M i l k  Sampling Locat ions 

TABLE 7. Rad ionuc l ides i n  M i l k  
1 

4 0 ~  9 0 ~ r  1311 
Concentration ~ u i d e ' ~ )  

- -- 2000 200 100 
Map No. o f  

Locat ion Maximum Minimum ~ v e r a q e ' ~ )  Maximum Minimum ~ v e r a g e ' ~ )  Maximum Minimum Average"' Maximun Minimum Average") Locat ion - 
R i v e r v i m  

Uahluke 

Sagemoor V i c i n i t y  

Benton C i t y  

Sunnyside 

Composite 

C m e r c i a l  I I (~ '  

Comnercial 12 (d )  

(a )  Strontium-90, stront ium-89, and iodine-131 concentrat ion guides i n  m i l k  a re  establ ished by the Federal Radiat ion Counci l .  Potassium-40 i s  a 
na tu ra l l y -occur r ing  rad ionuc l ide .  

( b )  Total  number of samples co l lec ted .  A l l  samples were analyzed f o r  13'1, w i t h  a lesser  number analyzed fo r  gamma-emitting radionucl ides,  "Sr, and 
go<. ., . 

( c )  Average t two standard dev ia t ion  i s  shown if a l l  analyses were p o s i t i v e .  O thewise ,  a less-than-detectable value was ca lcu la ted  from a l l  the 
resu l t s ,  assuming tha t  a l l  less-than-detectable values were equal t o  the de tec t ion  l i m i t  f o r  the ana lys is .  

(d )  Comnercial sources ob ta in  m i l k  from two d i f f e r e n t  watersheds: Comnercial II. west of the Cascades mountain range; C m r c i a l  I Z ,  east  of the 
Cascades. 

Less than detectable.  Approximate de tec t ion  l i m i t s  were: "1, 700 x 1 0 - ~ u C i / m l ;  "Sr. 1.0 x 10.' uCi/ml; gost-, 0.7 x ~ C i l n l ;  
1311, 0.3 x 10-9 uCi/ml. 



The 1311 concen t ra t i ons  observed i n  m i l k  
d u r i n g  March and A p r i l  a t  a  m i l k  sampl ing l o -  
c a t i o n  i n  the  v i c i n i t y  o  the  Hanford S i t e  
are shown i n  F igu re  8.(af An assessment 
was made o f  t he  maximum t h y r o i d  dose t h a t  
would be rece ived  by an i n f a n t  who consumed 
1 l i t e r  e r  day o f  m i l k  c o n t a i n i n g  the  
average y311 concen t ra t i ons  shown i n  
F igu re  8. The t o t a l  p o t e n t i a l  dose c a l -  
c u l a t e d  u s i n g  the  techniques o f  t e 
Environmental P r o t e c t i o n  ~ g e n c y ( 9 8  i s  
0.6 mrem. 

Samples o f  cows ' mi 1  k  and fo rage  were 
c o l l e c t e d  f rom l o c a l  d a i r i e s  f rom A p r i l  
th rough September, 1978, and analyzed f o r  
t h e i r  1291 content .  One d a i r y  a l so  pro- 
v ided  samples o f  goa ts '  m i l k .  P r e l i m i n a r y  
a n a l y s i s  o f  t he  da ta  i n d i c a t e s  t h a t  none of 
t h e  s  mples conta ined unusua l l y  h igh  l e v e l s  
o f  lzBI The l e v e l s  found appear t o  rep-  
resen t  i 291  i n  wor ldwide f a l l o u t .  Concentra- 
t i o n s  i n  m i l k  ranged f rom 6 x  10-5 t o  3  x  
pCi /n  w i t h  a  median va lue o f  8  x  pCi/n. 
Concent ra t ions i n  fo rage  samples ranged f rom 
4 x  10-6 t o  4  x  10-5 pCi /g  ( d r y  w t )  w i  t h  a  
median v  1  ue o f  2  x  10-5 pCi /g  ( d r y  wt ) . The 
average 7291 content  o f  goa ts '  m i l k  samples 
was s l i g h t l y  h ighe r  than t h a t  o f  cows' m i l k  
samples. These da ta  rep resen t  base1 i ne i n -  
f o rma t ion  and w i l l  be compared t o  f u t u r e  da ta  
f rom samples c o l l e c t e d  when FFTF and o the r  
new nuc lear  f a c i  1  i t i e s  a t  Hanford are opera- 
t i o n a l .  
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FIGURE 8. I o d i  ne-131 Concent ra t ions i n  
M i l k  F o l l o w i n g  March Chinese Test 

BEEF, CHICKEN, AND EGGS 

Samples o f  beef, chicken, and eggs were 
c o l l e c t e d  f rom t h e  R ive rv iew  area and f rom a 
commercial source f o r  a n a l y s i s  by gamma spec- 
t r o m e t r y  and s p e c i f i c  a n a l y s i s  f o r  9 0 ~ r .  The 
r e s u l t s  o f  these analyses are  shown i n  
Table 8. 

Na tu ra l  l y - o c c u r r  i ng 4 0 ~  was essen t i  a1 l y  
t h e  o n l y  r a d i o n u c l i d e  detec ted i n  the  samples 
analyzed. Stront ium-90 and 1 3 7 ~ s  f rom wor ld-  
wide f a l l o u t  were detec ted i n  one sample o f  
beef  a t  concen t ra t i ons  o n l y  s l i g h t l y  above 
t h e  ac tua l  d e t e c t i o n  l i m i t .  Concent ra t ions 
o f  a1 1  o the r  a r t i f i c i a l  ly-produced rad ionu-  
c l i d e s  were below the  d e t e c t i o n  l i m i t s .  
These r e s u l t s  i n d i c a t e  t h a t  any cumula t ive  
impact f rom past  Hanford re leases  on t h e  
r a d i o n u c l i d e  content  o f  these f o o d s t u f f s  i s  
n i l .  

FRUIT AND LEAFY VEGETABLES 

Samples o f  f r u i t  and l e a f y  vegetab les  
(spinach, l e a f  l e t t u c e ,  t u r n i p  greens, and 
mustard greens) were ob ta ined  d u r i n g  t h e  
growing season f rom a number o f  farms near 
t o  and d i s t a n t  f rom t h e  Hanford S i t e .  The 
sanple l o c a t i o n s  a t  Riverview, Ringold,  and 
i n  t h e  Sagemoor v i c i n i t y  are  a l l  near t h e  
s i t e  per imeter .  The balance o f  t he  sample 
l o c a t i o n s  are a t  d is tances o f  8  t o  75 k i l o -  
meters ( 5  t o  47 m i l e s )  f rom t h e  nearest  s i t e  
boundary. 

A l l  samples were analyzed by gamma spec- 
t r o m e t r y  f o r  gamma-emi t t i n g  r a d i o n u c l  ides.  
R d iochemica l  techniques were used f o r  t h e  
9 8 ~ r  analyses. Only the  e d i b l e  p o r t i o n s  
o f  t h e  f r u i t  and vegetables were analyzed. 
Resu l ts  f o r  1978 a re  summarized i n  Table 9. 

Of t h e  a r t i f i c i a l l y - p r o d u c e d  rad ionu -  
c l i d e s ,  o n l y  9 0 ~ r  was detec ted i n  some sam- 
p l e s  a t  concen t ra t i ons  near t h e  d e t e c t i o n  
l i m i t .  Comparison o f  d i s t a n t  samples w i t h  
pe r ime te r  samples shows t h a t  t h e r e  i s  no 
s i g n i f i c a n t  d i f f e r e n c e  and t h a t  Hanford 
ope ra t i ons  had no d e t e c t a b l e  impact on 
r a d i o n u c l  i d e  concen t ra t i ons  i n  f r u i t  and 
l e a f y  vegetables.  

( a )  1  pCi /k  = lo-' ~ C i l m l  . 



TABLE 8. Radionucl ides i n  Meat, Chicken, and Eggs 

Loca t i on  

Beef - 

Cormnercial 

R iverv iew 

Chicken 

Comnercial 

R iverv iew 

Sagemoor V i c i n i t y  

Sunnyside 

Tssl. 
Comnerci a1 

Riverv iew 

Sagemoor V i c i n i t y  

Sunnyside 

No. o f  
Samples 

Concent ra t ion  ( l om6  vCi/g, Wet Weight) 

4 0 ~  'Osr 1 3 7 ~ s  

Maximum Minimum Maximum Minimum Maximum Minimum -- 

( a )  Average i two standard dev ia t i ons  i s  shown i f  a l l  analyses were p o s i t i v e .  Otherwise, a less- than-detec tab le  value 
was ca l cu la ted  from a l l  r e s u l t s ,  assuming t h a t  a l l  less- than-detec tab le  r e s u l t s  were equal t o  t he  d e t e c t i o n  l i m i t  
f o r  t he  ana lys is .  

( b )  Stront ium-90 ana l ys i s  was done on o n l y  f o u r  samples. 

Less than detec tab le .  Approximate d e t e c t i o n  l i m i t s  were: 4 0 ~ .  0.6 x uCi /g ;  gost-. 0.001 x pCi /g ;  
1 3 7 ~ s ,  0.04 x 10-6 vCi /g .  

Location 

F r u i t  

Sagemoor V i c i n i t y  

Sagemoor V i c i n i t y  

Sagemoor V i c i n i t y  
Sagemoor V i c i n i t y  

Leafy Vegetables 

Riverview 
Ringold 

Sagemoor V i c i n i t y  

Benton Ci ty  

Sunnyside 

Othel l o  

Walla Walla 

Comnercial 

TABLE 9. Radionucl ides i n  F r u i t  and Leafy Vegetables 

Concentration vCi/g, Wet Weiqht) 

4 0 ~  3 7 ~ s  
No. o f  

Samples Maximum Minimum Maximum Minimum Maximum Minimum 

Pears 1 

Peaches 1 

Grapes 1 

Apples 1 

(a) Average t two standard deviations i s  shown if a l l  analyses were posit ive. Otherwise, a less-than-detectable value was calculated 
from a1 1 the results.  assuninq t ha t  a l l  less-than-detectable resu l ts  were equal t o  the detect ion 1 i m i t  for the analysis. 

Less than detectable. Approximate detect ion l i m i t s  vere: 4 0 ~ .  1.0 x uCi/g; 90~r,  0.002 x uCi/g; 1 3 7 ~ s ,  0.05 x ,Ci/g. 



WILDLIFE 

Wi ld l i fe - -deer ,  game b i rds ,  and f ish--were c o l l e c t e d  and analyzed f o r  gama- 

e m i t t i n g  rad ionuc l ides  and i n  some cases "Sr. The w i l d l i f e  are a  p o t e n t i a l  

pathway f o r  the exposure of small groups of people who hunt or f i s h  near the  

Hanford S i t e .  Measurements d u r i n g  1978 d i d  not  show any d i s t i n g u i s h a b l e  impact 

f rom Hanford operat ions. 

DEER 

Dur ing 1978 a l l  deer samples were obtained 
f r o m " r o a d  k i l l s "  on the Hanford S i te .  Sam- 
p l e s  o f  muscle t i s s u e  were analyzed t o  deter -  
mine the concent ra t ion o f  gamna-emi tt i ng 
rad ionuc l ides  and 90Sr. The r e s u l  t i q g  data 
are shown i n  Table 10. 

Natura l  l y - o c c u r r i n g  4 0 ~  and the f i s s i o n  
products 90Sr and l37cs were the o n l y  rad io -  
nuc l ides  detected i n  the deer muscle samples. 
Only one o f  the  deer samples exceeded the 
90Sr de tec t ion  1  i m i t .  Concentrat ions o f  
1 3 7 ~ s  i n  the deer samples were a1 1 near or 
below the de tec t ion  l i m i t .  I n  general, 
r a d i o n u c l i d e  concent ra t ions i n  deer samples 
c o l l e c t e d  dur ing  1978 were lower than those 
observed i n  the  past.  

GAME BIRDS 

Game b i r d  samples c o l l e c t e d  and analyzed 
included pheasant, q u a i l ,  ducks, and geese. 
The r e s u l t s  o f  these analyses are shown i n  
Table 10. Na tu ra l l y -occur r ing  4 0 ~  was the 

o n l y  gama-emi t t i ng  rad ionuc l ide  detected i n  
t h e  game b i rds .  The low concent ra t ions o f  
1 3 7 ~ s  observed i n  the  past  were below the 
de tec t ion  l i m i t  i n  1978. 

A l l  game b i r d  samples except the geese 
were analyzed f o r  90Sr. Q u a i l  and pheasant 
from w ide ly  sca t te red  l o c a t i o n s  contained low 
concent ra t ions of 90Sr i n  t h e i r  muscle t i s -  
sue. Consumption, by an adul t ,  o f  a l l  o f  the  
muscle ti sue (100 g) f rom the q u a i l  w i t h  the  
maximum g8Sr concentrat  i o n  (0.84 x  

uCi /g)  would produce a 50-yr bone dose 
comi tmen t  o f  about 1 mrem. Th is  i s  much l e s s  
than the r a d i a t i o n  dose rece ived f rom n a t u r a l  
sources i n  the v i c i n i t y  o f  Hanford. 

FISH - 
Several v a r i e t i e s  o f  f i s h  (suckers, whi te-  

f i s h ,  sturgeon, bass, squawfish, steelhead, and 
carp)  were c o l l e c t e d  and analyzed dur ing  
1978. Only n a t u r a l  l y - o c c u r r i n g  4 0 ~  was de- 
tec ted  i n  the  f i s h  samples. A l l  other gama- 
e m i t t i n g  rad ionuc l ides  were below de tec tab le  
concentrat ions. 

TABLE 10. Radionucl ides i n  Muscle Tissue o f  W i l d l i f e  

Concen t ra t i on  uC i /g .  Wet we igh t )  

40, 37rc 
NO. Of  

W i l d l i f e  Samples Maximum Minimum ~ v e t - a g e ' ~ )  Maximum Minimum ~ v e r a g e ' ~ )  Maximum Minimum ~ v e r a q e ' ~ )  

Deer 5 2 .2  1.8 2 . 0  2 0.36 0 .24 ~ 0 . 1 9  0 .13 * ~ 0 . 0 6  

Pheasant 6 2.7 1.8 2.4 + 0.70 0 .58 * ~ 0 . 1 2  * 

Q u a i l  4 * 0.84 ~ 0 . 2 5  

Ducks 10 3.7 ~ 2 . 7  0 .13 ~ 0 . 0 3  * t * 

Geese 2 3.0 2.2 2 .6  

F i s h  12 2 .7  ~ 2 . 7  

( a )  Average t two s tanda rd  d e v i a t i o n s  i s  shown i f  a1 1 ana lyses were p o s i t i v e .  Otherwise,  a l e s s - t h a n - d e t e c t a b l e  
va lue  was c a l c u l a t e d  from a l l  r e s u l t s ,  assuming t h a t  a l l  l e s s - t h a n  d e t e c t a b l e  r e s u l t s  were equal t o  t h e  
d e t e c t i o n  l i m i t  f o r  t h e  a n a l y s i s .  

Less t han  d e t e c t a b l e .  Approx imate d e t e c t i o n  l i m i t s  were: 4 0 ~ ,  2 .0  x uCi /g ;  0.05 x vCi /g ;  
137cs, 0 .13 x 10-6 uC i /g .  



SOIL AND VEGETATION 

Surface s o i l  and vege ta t i on  samples are c o l l e c t e d  annua l l y  f rom a number of 

l o c a t i o n s  f o r  t he  purpose o f  measuring t h e  r a d i o n u c l i d e  concen t ra t i ons  f rom wor ld-  

wide f a l l o u t ,  n a t u r a l  causes, and any cumula t ive  bu i l dup  o f  r a d i o n u c l i d e s  f rom -, 
Hanford operat ions.  The data  c o l l e c t e d  d u r i n g  1978 i n d i c a t e  t h a t  any Hanford \ 
c o n t r i b u t i o n  t o  the  rad ionuc l  i d e  concen t ra t i ons  was i n d i s t i n g u i s h a b l e  f rom the  

v a r i a b i l i t y  observed i n  l e v e l s  o f  wor ldwide f a l l o u t .  

COLLECTION AND ANALYSIS 

Each s o i l  sample analyzed was a  composite 
o f  f i v e  "plugs" o f  s o i l  c o l l e c t e d  annua l l y  
f rom an area approx imate ly  100 m2. The 
p lugs were approx imate ly  2.5 cm ( 1  i n . )  i n  
depth and 10 cm ( 4  in . )  i n  diameter. Sam- 
p l e s  o f  pe renn ia l  vegeta t ion ,  r a b b i  tbrush, 
sagebrush, and b i t t e r b r u s h  were c o l l e c t e d  i n  
t h e  immediate v i c i n i t y  o f  each s o i l  sampling 
l o c a t i o n .  Both se ts  of samples were ana- 
lyzed f o r  gamna-emi t t i n g  r a d i o n u c l  i des  us ing  
a  l i t h i u m - d r i f t e d  germanium de tec to r ;  f o r  
p lu ton ium iso topes us ing  a1 pha spectroscopy; 
and f o r  9 0 ~ r  and uranium by s p e c i f i c  
ana lys i s .  

The l o c a t i o n s  o f  t he  sample p l o t s  are  
shown i n  F i g u r e  9. Hanford ope ra t i ons  would 
be expected t o  c o n t r i b u t e  much more t o  t h e  
rad ionuc l  i de concen t ra t i ons  a t  predominant ly  
downwind l o c a t i o n s  (Riverview, Byers Landing, 
Sagemoor, P e t t e t t ,  Baxter Substat ion,  West 
End F i r  Road, R ingo ld - - l oca t i ons  1 t o  7 )  
than t o  sampl ing l o c a t i o n s  l y i n g  i n  o ther  
d i r e c t i o n s  (Yakima Barr icade, Wahluke #2, 
e t c . ) .  

Data f rom s o i  1  analyses f o r  1978 a re  sum- 
marized i n  Table 11. The n a t u r a l  l y - o c c u r r i n g  
r a d i o n u c l  i des  ~ O K ,  2 2 4 ~ a ,  2 2 6 ~ a ,  and uranium 

FIGURE 9. S o i l  and Vegeta t ion  Sampling Locat ions 



TABLE 11. Radionuclides in Soil 

Par t  A: Natura l ly  Occurring 

Concentration pCi/g, Dry Weight) 

Location Mat. 4oK Loca i on  -- 2 2 4 ~ a  2 2 6 ~ a  Total  U 

Average Detection L i m i t  1.5 0.1 0.1 0.15 

Riverview 

Byers Landing 

Sagemoor 

Taylor F la t s  t l 
Taylor F la t s  #2 

W. End F i r  Road 

Ringold 

Berg Ranch 

Wahluke #2 

Yakima Barricade 

ALE 

Benton C i t y  

Sunnyside 

Average 

Part  B: A r t i f i c i a l l y  Produced 
Concentration pCi/g , Dry Weight) 

Ma P 
Location 9 5 ~ r ~ b  1 3 4 ~ s  - 23RPu 239-240pu Location - -  1 3 7 ~ s  - 4 4 ~ e  - 

Average Detection L i m i t  0.003 0.04 0.03 0.07 0.13 0.002 0.003 

Riverview 

Byers Landing 

Sagemoor 

Taylor F la t s  #1 

Taylor F la t s  #2 

W. End F i r  Road 

Ri ngol d 

Berg Ranch 

Wahluke #2 

Yakima Barricade 10 0.009 0.3 0.1 0.02 

ALE 11 0.006 0.05 0.04 0.6 0.2 0.006 

Benton C i t y  12 0.03 0.04 0.04 0.5 0.2 0.01 

Sunnyside 13 0.01 - 0.04 A 0.6 0.3 A - 0.008 

(a)  Average i s  shown i f  radionucl ide  was detected a t  a1 1 locat ions.  Otherwise, a less-than-detectable 
value was calculated from a l l  resu l ts ,  assuming t h a t  a l l  less-than-detectable resu l t s  were equal 
t o  the detect ion l i m i t  f o r  the analysis.  

Less than detectable. 



were observed a t  higher concentrat ions i n  
the s o i l  than any o f  the a r t i f i c i a l l y -  
produced rad ionuc l  ides. Whi 1 e there were 
considerable d i f fe rences  i n  rad ionuc l ide  con- 
cen t r a t i on  between sample s i t e s ,  no geograph- 
i c a l  pa t te rn  was detected. This ind ica tes  
t h a t  any Hanford con t r i bu t i on  was i n d i s t i n -  
guishable from the v a r i a b i l i t y  observed i n  
rad ionuc l ide  concentrat ions from worldwide 
f a l l o u t .  The maximum 9 0 ~ r  concentrat ion, 
0.05 x 10-6 pCi/g, was observed a t  Byers 
Landing, a predominantly downwind d i r ec -  
t i o n .  Peak 2 3 9 ~ ~  concentrat ions o f  0.02 x 
10-6 uCi/g were observed a t  Riverview, 
Ringold, and the Yakima Barricade. A l l  o f  
these r esu l t s ,  wh i l e  much higher than those 
from other  locat ions, are s i m i l a r  t o  

maximum values measured i n  past years and 
i nd i ca te  the  v a r i a b i l i t y  o f  s o i l  concentra- 
t i o n s  a t t r i b u t e d  t o  worldwide f a l l o u t .  

VEGETATION 

Shown i n  Table 12 are the  data obtained i n  
1978 from vegetat ion samples. Na tu ra l l y -  
occur r ing  4 0 ~  i s  the  major rad ionuc l  i de  com- 
ponent found i n  vegetat ion. Concentrations 
o f  short-1 i ved a r t  i f  i c i a l  ly-produced radionu- 
c l  ides a t t r i b u t e d  t o  worldwide f a1  l o u t  have 
decl ined s i g n i f i c a n t l y  i n  recent years. 
Other rad ionuc l  ides were present a t  about the 
same concentrat ions as i n  previous years, 
again i n d i c a t i n g  no detectab le  Hanford con- 
t r i b u t i o n .  

TABLE 12. Rad i onuc 1 ides i n  Vegetation 

Concent ra t ion  pCi /q ,  Dry Weiqht) 
N a t u r a l l y  
Occur r ing  A r t i f i c i a l l y  Produced 

Map 
4 0 ~  T o t a l  U 9 0 ~ r  1 44ce 3ePu 239-240pu L o c a t i o n  L o c a t i o n  --- 9 5 ~ r ~ b  1 3 7 ~ s  

Average D e t e c t i o n  L i m i t  3 .0  0.02 0.01 0.1 0.1 0.4 0.003 0.005 

R iverv iew 

Byers Landing 

Sagemoor 

Tay lo r  F l a t s  #1 

T a y l o r  F l a t s  d2 

W .  End F i r  Road 

R ingo ld  

Berg Ranch 

Wahluke i 2  

Yakima B a r r i c a d e  

ALE 

Benton C i t y  

Sunnyside 

( a )  Average i s  shown i f  r a d i o n u c l i d e  was d e t e c t e d  a t  a l l  l o c a t i o n s .  Otherwise, a  l e s s - t h a n - d e t e c t a b l e  v a l u e  was 
c a l c u l a t e d  from a l l  r e s u l t s ,  assuming t h a t  a l l  l e s s - t h a n - d e t e c t a b l e  r e s u l t s  were equal  t o  t h e  d e t e c t i o n  
l i m i t  f o r  t h e  a n a l y s i s .  

Less than d e t e c t a b l e .  



EXTERNAL RADIATION 

Ex te rna l  r a d i a t i o n  l e v e l s  were measured us ing  thermoluminescent dosimeters a t  

a l l  a i r  sampl ing l o c a t i o n s  i n  t h e  Hanford env i rons.  The s p a t i a l  p a t t e r n  o f  r e -  

corded doses was used t o  determine any c o n t r i b u t i o n  a t t r i b u t a b l e  t o  Hanford opera- 

t i o n s ,  s ince  re leases  f rom Hanford would c o n t r i b u t e  p r i m a r i l y  t o  measurements made 

a t  downwind l oca t i ons .  Dosimeters were a l s o  used t o  measure the  dose rece ived  

a long t h e  Columbia R ive r  i s l a n d s  and s h o r e l i n e  near t h e  Hanford S i te ,  and t h e  

immersion dose i n  Columbia R i v e r  water a t  two loca t i ons .  The 1978 measurements a t  

a i r  sampling l o c a t i o n s  showed no observable impact from Hanford operat ions.  How- 

ever, seve ra l  measurements on t h e  Columbia R ive r  i s l a n d s  and a long t h e  s h o r e l i n e  

cont inued t o  show s l i g h t l y  e levated dose r a t e s  a t t r i b u t e d  predominant ly  t o  r e s i d u a l  

6 0 ~ ~  a c t i v i t y  i n  r i v e r  sediments. Th is  a c t i v i t y  remains f rom past  d i r e c t  use o f  

r i v e r  water t o  coo l  p roduc t i on  reac to rs .  The incrementa l  increase i n  r a d i a t i o n  

exposure t o  r e c r e a t i o n a l  users  o f  t h e  r i v e r  i s  i n s i g n i f i c a n t .  

HANFORD ENVIRONS 

Thermolumi nescent dosimeters (TLDs) were 
l oca ted  a t  a l l  o f  t h e  pe r ime te r  and d i s t a n t  
a i r  sampling l o c a t i o n s  shown i n  F igu re  2 
(page 6 ) .  'The dosimeters cons i s ted  o f  CaF2: 
Mn c h i p s  (Harshaw TLD-400) encased i n  an 
opaque p l a s t i c  capsu le  l i n e d  w i t h  0.025 cm 
(0.01 i n . )  o f  t an ta lum and 0.005 cm 
(0.002 in . )  o f  1 ad t o  f l a t t e n  the  low- 
energy response. f l O )  The dosimeters were 
mounted 1 m above ground l e v e l  and changed 
eve ry  4 weeks. 

The r e s u l t s  presented i n  Table 13 show 
t h a t  t he  average annual dose i s  e s s e n t i a l l y  
t h e  same f o r  pe r ime te r  and d i s t a n t  s ta -  
t i o n s .  A l o g  normal p r o b a b i l i t y  p l o t  o f  t h e  
i n d i v i d u a l  data  p o i n t s  f o r  d i s t a n t  and pe- 
r i m e t e r  l o c a t i o n s  (F igu re  10)  shows t h e  
s i m i l a r i t y  o f  t h e  measurements, i n d i c a t i n g  
t h a t  Hanford c o n t r i b u t i o n s  were i n d i s t i n -  
gu i shab le  f rom t h e  background dose. 

From i n f o r m a t i o n  i n  Table 13, t h e  e x t e r n a l  
background dose rece ived  by t h e  p o p u l a t i o n  i n  
t h e  Hanford env i rons can be est imated. The 
mean measured dose was about 67 mrem p e r  
y e a r  (here, 1 mrem equals  1 mrad).  To t h i s  
dose, 6 mrem p e r  year  must be added t o  ac- 
count f o r  t he  f a s  n u t r o n  component o f  
cosmic r a d i a t i o n  .Ill(? Thus t h e  popu 1 a t i  on 
would r e c e i v e  a dose o f  about 73 mrem pe r  
yea r  f rom e x t e r n a l  r a d i a t i o n .  To es t ima te  
t h e  t o t a l  background dose ( e x t e r n a l  p l u s  
i n t e r n a l ) ,  t h e  25 mrem rece ived  by the  body 
from n a t u r a l l y - o c c u r r i n g  rad ionuc l i des ,  p r i -  
m a r i l y  ~ O K ,  must be i nc luded .  Therefore,  

TABLE 13. Environmental Rad ia t i on  Dose 
Measurements i n  t h e  Hanford V i c i n i t y  

Locat ion 
No. o f  

Samples 
Dose ( m r a d / ~ r ) ( ~ '  

Maximum Minimum Average - - 

Perimeter  S ta t i ons  

Rat t lesnake S ~ r i n q s  13 77 66 69 t 7.3 . - 
ALE 13 
Benton C i t y  13 
Yakima Barr icade 13 
Vern i  t a  13 
Uahluke 12 13 
O t h e l l o  11 
Connel 1 12 
Berg Ranch 13 
Uahl uke Yatermaster 13 
Cooke Brothers 13 
Rich land 12 
Pasco 13 
Byers Landing 12 
Sagemoor 12 
P e t t e t t  Farm 11 
F i r  Road 13 
RRC CP 164 8 
RRC CP 163 4 
1100 Area 12 

Mean t 2 Standard Deviat ions 67 t 19 

D i s t a n t  S ta t i ons  

Ua l l a  U a l l a  12 88 44 64 t 21 
McNary 12 77 58 67 + 13 
Moses Lake 12 69 51 61 t 12 
Uashtucna 12 69 55 62 r 9.8 
Sunnyside 13 69 55 61 t 9.1 

Mean t 2 Standard Dev ia t i ons  63 t 13 

( a )  Tota l  background dose from ex te rna l  i r r a d i a t i o n  would i n c l u d e  an 
add i t i ona l  dose from the  neutron cmponent  of cosmic r a d i a t i o n .  
This  i s  est imated t o  be equ iva len t  t o  6 m r m l y r  a t  t h e  e l e v a t i o n  
o f  t h e  Hanford region.  Monthly measurements were conver ted t o  
equ iva len t  annual dose. Average t two standard d e v i a t i o n  i s  shown 
f o r  each l o c a t i o n .  
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t he  t o t a l  background dose rece ived  i n  t h e  
Hanford env i rons d u r i n g  1978 was approx i -  
ma te l y  100 mrem per year, as i t  was d u r i n g  
1977. 
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COLUMBIA RIVER IMMERSION DOSE 

Environmental dosimeters were submerged i n  
t h e  Columbia R ive r  a t  t he  two l o c a t i o n s  l a -  
be led i n  F igu re  11: a t  Coyote Rapids, and 
a t  t he  Richland pumphouse. These dosimeters 
were c o l l e c t e d  monthly. The r e s u l t s  (shown 
i n  Table 14)  are s imi  1  ar  t o  those obta ined 
i n  p rev ious  years  and show t h a t  a  swimmer 
immersed i n  the  Columbia River  a t  R ich land 
would r e c e i v e  a  r a d i a t i o n  dose r a t e  o f  ap- 
p rox ima te l y  0.004 mrad/hr. By comparison, 
approx imate ly  0.008 mrad/hr would be rece ived  
on land. 

COLUMBIA RIVER SHORELINE AND ISLANDS 

U n t i l  l a t e  1977, p u b l i c  access t o  t h e  Han- 
f o r d  reach o f  t h e  Columbia R ive r  between 
Ringo ld  and V e r n i t a  was p r o h i b i t e d .  The 
p u b l i c  now has f r e e  access t o  t h e  r i v e r  and 
i t s  i s l a n d s  b u t  i s  p r o h i b i t e d  f rom land ing  
on t h e  shores o f  t h e  Hanford rese rva t i on .  
Analyses o f  sediment samples c o l l  ec ted a long 
t h e  Columbia R ive r  have shown t h e  presence o f  

a  few l o n g - l i v e d  rad ionuc l i des ,  p r i m a r i l y  
6 0 ~ 0 ,  a t t r i b u t a b l e  t o  the  past  ope ra t i on  o f  
p roduc t i on  r e a c t o r s  cooled d i r e c t l y  by r i v e r  
water. A  1974 a e r i a l  r a d i a t i o n  mon i to r i ng  
survey showed low- leve l  depos i t i on  o f  6 0 ~ 0  
over m h o f  t h e  Hanford reach o f  t h e  
r i ve r .Y f2 )  Th is  a c t i v i t y  occurs i n  sed i -  
ments along t h e  r i v e r ' s  is lands,  shore l ine ,  
and slough areas, g r a d u a l l y  decreasing down- 
stream f rom t h e  o l d  p roduc t i on  r e a c t o r  s i t e s ,  
and becoming undetec tab le  below Nor th  Rich- 
land. 

Summarized i n  Table 15 are  data  f rom env i -  
ronmental dosimeters p laced a t  12 l o c a t i o n s  
a long t h e  Columbia R ive r  s h o r e l i n e  i n c l u d i n g  
t h r e e  o f  t h e  l a r g e r  i s l ands .  Placement o f  
t h e  dosimeters i s  shown by t h e  numbered l o -  
c a t i o n s  i n  F igu re  ll. These s i t e s  were 
se lec ted  on t h e  bas i s  o f  t h e  a e r i a l  survey 
f i n d i n g s ;  most are l oca ted  i n  areas found t o  
have t h e  h ighes t  l e v e l s  o f  rad ionuc l i des  i n  
t h e  sediments. These dosimeters p rov ide  data  
on t h e  p o t e n t i a l  r a d i a t i o n  exposure t o  r e -  
c r e a t i o n a l  users o f  t he  r i v e r .  

The maximum e x t e r n a l  dose r a t e  along t h e  
r i v e r  was measured a t  t h e  100-N Trench 
sp r ings  and corresponds t o  a  dose r a t e  of 



FIGURE 11. Thermoluminescent Dosimeter Locat ions f o r  Columbia 
R i v e r  Imners i on and Sediment Measurements 

0.075 mrad/hr averaged over a 1-month pe- 
r i o d ,  o r  about t e n  t imes t h e  general  back- 
ground dose r a t e  a t  Hanford. S l i g h t l y  
contaminated water seeping f rom t h e  sp r ings  
i s  respons ib le  f o r  t he  e leva ted  dose r a t e  a t  
t h i s  l o c a t i o n .  E levated dose r a t  a t  t h e  
o the r  s i t e s  are due p r i m a r i l y  t o  88Co i n  
t h e  s h o r e l i n e  sediments. D i f f e rences  i n  t h e  
6 0 ~ 0  concen t ra t i on  f rom s i t e  t o  s i t e  are  
r e s p o n s i b l e  f o r  t h e  v a r i a t i o n  i n  the  r e s u l t s .  
Dose r a t e s  a long t h e  sho re l i nes  get  lower 
each year as t h e  6 0 ~ 0  decays away 

and i s  b u r i e d  by uncontaminated sediments. 
The average dose r a t e  a long t h e  s h o r e l i n e  
due t o  t h e  a r t i f i c i a l l y - p r o d u c e d  rad ionu-  
c l  ides  i n  t h e  sediments decreased about 30% 
f rom 1977 t o  1978. P u b l i c  access t o  t h e  two 
h ighes t  dose r a t e  areas i s  p r o h i b i t e d  and t h e  
average dose r a t e s  a t  t h e  areas t o  which t h e  
p u b l i c  does have f r e e  access are  j u s t  
s l i g h t l y  h ighe r  than t h e  n a t u r a l  background 
l e v e l  ( 7 6  mrad/yr versus 6 7  mrad/yr) .  'The 
incrementa l  increase i n  r a d i a t i o n  exposure 
t o  t h e  r e c r e a t i o n a l  user o f  t h e  Hanford 
reach o f  t h e  r i v e r  i s  i n s i g n i f i c a n t .  

TABLE 14. Columbia R ive r  Imnersion Dose Rate 

No. o f  R a d i a t i o n  Dose ( m r a d l h r )  ( a )  

L o c a t i o n  Measurements Mpximum Minimum ~ v e r a g e ( ~ )  

Coyote Rap ids  8 0.005 0.004 0.004 + 0.001 

R i c h l a n d  Pump House 12 0.004 0.003 0.004 t 0.001 

( a )  M o n t h l y  measurements i n  mrad were c o n v e r t e d  t o  e q u i v a l e n t  h o u r l y  dose. 
(b )  Average + two s t a n d a r d  d e v i a t i o n s  i s  shown f o r  each l o c a t i o n .  



TABLE 15. Environmental Radiat ion Dose Measurements A1 ong 
t h e m b i a  River  Shorel ine and Is lands 

Dose Rate (mrad/yr)(a) 
Ma P No. of 

Location Number Samples Maximum Minimum ~ v e r a ~ e ' ~ )  

Above 100-K 1 

100-N Trench Springs 2 

Opposite 1004 3 

Locke Island 4 
White Bluffs 5 

Below 100-F 6 

Hanford Powerline Crossing 7 

Hanford Ferry 8 

Hanford RR 9 

Ringold Island 10 

Powerline Crossing 1 1  

Wooded Island 12 

(a) Monthly measurements in mrad were converted to equivalent annual dose 
(b) Average * two standard deviations is shown for each location. 



RADIOLOGICAL IMPACT OF HANFORD OPERATIONS 

The preced ing sec t i ons  on environmental  da ta  c o l  l e c t e d  d u r i n g  1978 p r o v i d e  

i n f o r m a t i o n  f o r  d i f f e r e n t i a t i n g  between those sources o f  environmental  r a d i a t i o n  

a r i s i n g  f rom past  o r  c u r r e n t  Hanford operat ions and those due t o  wor ldwide f a l l o u t  

o r  n a t u r a l  r a d i o a c t i v i t y .  Con t r i bu t i ons  f rom Hanford ope ra t i ons  were d i s t i n g u i s h -  

a b l e  f rom o the r  sources i n  o n l y  two areas. These i n c l u d e  the  r e s i d u a l  l e v e l s  o f  

l o n g - l i v e d  r a d i o n u c l  ides,  p r i m a r i l y  6 0 ~ o ,  assoc ia ted w i t h  sediments a long t h e  

Columbia River  i s l a n d s  and s h o r e l i n e  near t h e  Hanford S i te ,  and the  v e r y  low 

concen t ra t i ons  o f  r a d i o n u c l i d e s  i n  Columbia R ive r  water as a  r e s u l t  o f  c u r r e n t  N 

Reactor opera t ions.  The r a d i o l o g i c a l  impact o f  Hanford operat ions i s  c a l c u l a t e d  

f rom t h e  q u a n t i t y  o f  r a d i o n u c l i d e s  measured i n  e f f l u e n t s  f rom o p e r a t i n g  f a c i l i t i e s  

i n  1978, and f rom t h e  r e s i d u a l  r a d i o n u c l i d e s  i n  r i v e r  sediments f rom t h e  pas t  

opera t ions.  A comparison o f  t h e  es t imated impact f rom Hanford ope ra t i ons  w i t h  t h e  

impacts f rom o the r  sources o f  r a d i a t i o n  exposure r o u t i n e l y  encountered i s  i nc luded  

i n  t h e  s u m a r y  a t  t h e  end o f  t h i s  sect ion .  

RADIOLOGICAL IMPACT FROM 1978 EFFLUENTS Maximum "Fence-Post" Exposure Rate 

The r a d i  onuc 1  i de compos i t i  on o f  e f f  1  uents 
r e p o r t e d  f o r  1978 by a l l  Hanford c o n t r a c t o r s  
i s  shown i n  Table 16. Since these quan- 
t i t i e s  o f  rad ionuc l i des ,  when dispersed i n  
l a r g e  volumes o f  a i r  and water,  were gener- 
a l l y  unde tec tab le  i n  t h e  o f f -  i t e  env i ron -  
ment, e m p i r i c a l  dose models( lg , l4 )  were 
used t o  assess t h e  r e s u l t i n g  r a d i o l o g i c a l  
dose impact. These models a re  considered t o  
p r o v i d e  t h e  bes t  es t ima te  o f  t h e  dose impact 
f rom Hanford ope ra t i ons  d u r i n g  1978. Small 
d i f f e r e n c e s  i n  the  c a l c u l a t e d  doses may 
appear f rom year  t o  year, depending on t h e  
q u a n t i t y  and t y p e  o f  e f f l u e n t s  and the  f l o w  
r a t e  o f  t he  Columbia R ive r .  Dur ing 1978, 
f o r  instance, t h e  r i v e r  f l o w  was g r e a t e r  
than i n  1977, hence c a l c u l a t e d  doses f o r  
exposure v i a  r i v e r  pathways are  lower than 
t h e y  were i n  1977. 

Manual Chapter 0513(15) s t a t e s  t h a t  a  
r a d i o l o g i c a l  impact assessment should pro-  
v i d e  r e a l i s t i c  es t imates  o f  

t h e  exposure r a t e  on t h e  s i t e  boundary 
where t h e  maximum exposure r a t e s  e x i s t  
( " fence-post"  exposure) 

t h e  maximum dose t o  an i n d i v i d u a l  member 
o f  t he  p u b l i c  

t h e  whole-body dose t o  t h e  e n t i r e  popula- 
t i o n  w i t h i n  an 80-km (50-mi le)  r a d i u s  o f  
t h e  s i t e  (person-rem) . 

Late  i n  1977 t h e  f u l l  Hanford reach o f  t h e  
Columbia R ive r  was dec lared l e g a l l y  acces- 
s i b l e  t o  t h e  p u b l i c .  As a  r e s u l t ,  t h e  r i v e r  
shore1 i ne e f f e c t i v e l y  became t h e  boundary 
f o r  t h i s  p o r t i o n  o f  t h e  s i t e .  I n  1978, t h e  
' fence-post"  was moved t o  a  p o i n t  on t h e  
Columbia R ive r  s h o r e l i n e  near N Reactor. 
Here t h e  exposure t o  a i r b o r n e  and l i q u i d  e f -  
f l u e n t s  i s  maximized. The r a d i a t i o n  expo- 
sure  r a t e  f rom 1978 e f f l u e n t s  was c a l c u l a t e d  
t o  be 5.3 x  10-4 mR/hr. S h o r t - l i v e d  nob le  
gases ( 4 1 ~ r  and 1 3 8 ~ e )  i n  t h e  N Reactor 
e f f l uen ts  were t h e  major  c o n t r i b u t o r s  t o  
t h i s  exposure r a t e .  

The exposure r a t e  f rom accumulat ions o f  
r a d i o n u c l i d e s  i n  the  s o i l  a long t h e  shore- 
l i n e  near N Reactor exceeds the  exposure 
r a t e  a t t r i b u t a b l e  t o  c u r r e n t  e f f  1  uents  and 
i s  d iscussed i n  a  separate p o r t i o n  o f  t h i s  
sect ion .  

Maximum I n d i v i d u a l  Dose 

Computation o f  t h e  maximum i n d i v i d u a l  dose 
i s  compl ica ted by severa l  f a c t o r s :  t h e  f a -  
c i l  i t i e s  on t h e  Hanford S i t e  a r e  many m i l e s  
apar t ,  t h e  e f f l u e n t s  c o n t a i n  a  v a r i e t y  o f  
r a d i o n u c l i d e s  i n  gaseous, p a r t i c u l a t e ,  and 
l i q u i d  forms, and assumptions must be made 
as t o  the  l i v i n g  and d i e t a r y  h a b i t s  o f  t h e  
maximum i n d i v i d u a l .  The r a d i o n u c l i d e s  shown 
i n  Table 16 were used i n  computing t h e  max- 
imum dose t o  an i n d i v i d u a l  member o f  t h e  
p u b l i c  f o r  seve ra l  exposure pathways. 

The assessment o f  these impacts f o r  1978 
f o l l o w s .  



TABLE 16. Radionuclide Composition of Hanford Effluents for Calendar Year 1978 

1 i d e  H a l f  L i f e  

12.3 y r  
15 h r  
14.3 d 

1.8 h r  
27.8 d 

303 d 
2.6 h r  

46 d 
71 d 

5.3 y r  
245 d 

26.4 h r  
35 h r  

4.4 h r  
10.8 h r  
76 min 

2.8 h r  
52.7 d 
2 7 7  r 

917 {r 
65.5 d 
35 d 
17 h r  
66.7 h r  
39.5 h r  

368 d 
2.8 d 

60.4 d 

8.1 d 
2.3 h r  

20.3 h r  
6.7 h r  
5.3 d 
2.3 d 
9.1 h r  

17.5 min 

L i q u i d  
To River  

330 
- - 

0.03 
- - 

0.14 
0.18 
1.2 
0.11 
0.032 
0.96 
- - 
- - 
- - 
- - 
-- 
- - 
- - 

0.40 
1.3 - - 
0.11 
0.16 
- - 

2.6 
0.38 
0.57 
- - 

0.062 
0.17 

8.2 x-;o-6 
4.8 - - 
0.95 - - 

a 7  
- - 
-- 
-- 

0.031 
0.38 
4.0 
0.035 
0.15 
0.17 
- - 
-- 
- - 
- - 
- - 
- - 

1.3 x-;o-4 
0.085 

E f f l u e n t  ( C i )  
Gaseous 

100 Area 200 Areas 300 Area 

(a )  A c t u a l l y  repor ted as mixed a c t i v a t i o n  products.  Cobalt-60 was assumed f o r  
s i m p l i c i t y  and was used i n  dose ca l cu la t i ons .  

(b )  A c t u a l l y  repor ted as mixed f i s s i o n  products.  Strontium-90 was assumed f o r  
s i m p l i c i t y  and was used i n  dose ca l cu la t i ons .  

( c )  A c t u a l l y  repor ted as gross alpha. Plutonium-239 was assumed f o r  s i m p l i c i t y  
and was used i n  dose ca l cu la t i ons .  

-- Radionucl ide no t  repor ted i n  e f f l u e n t .  



The maximum i nd i v i dua l  dose ca l cu l a t i on  
f o r  1978 inc ludes estimates o f  the dose 
rece ived from 1 )  exposure t o  a i rborne rad io -  
nuc l ides a t  a  l o ca t i on  1.6 km ( 1  m i l e )  east 
o f  the 300 Area, 2) i n t ake  o f  d r i nk i ng  water 
obtained from the  Columbia River a t  
Richland, 3) consumption o f  f oods tu f f  irri- 
gated w i t h  Columbia River  water a t  River-  
view, and 4) aquat ic  rec rea t ion  along the  
Hanford reach o f  the  Columbia River.  Shown 
i n  Tables 17 and 18 are the  r e s u l t s  o f  these 
ca l cu l a t i ons  f o r  the  annual and the 50-yr 
dose commitment, respec t i ve ly .  The doses 
shown i n  these tab les  are no t  add i t i ve ,  
s ince i t i s  not  poss ib le  f o r  a  s i ng l e  i n d i -  
v idua l  t o  be exposed t o  a l l  sources a t  the 
same time. Fur ther  discussion o f  the  dose 
from each o f  these pathways f o l  lows. 

Airborne Releases 

The maximum doses rece ived o f f s i  t e  as a 
r e s u l t  o f  Hanford's a i rborne e f f l u e n t s  i n  
1978 occurred a t  a  l o ca t i on  1.6 km east o f  
the  300 Area. Wi th in  t h i s  area are located 
the  nearest d a i r y  and farming operat ions i n  a  
downwind d i r e c t i o n  from the  Hanford Si te .  
Doses c a l  cu 1 ated i nc 1 ude those received from 
i nha la t i on  o f  a i rborne rad ionuc l ides and 
from submersion i n  the plume f o r  8766 h r / y r  
(continuous occupancy) ; and t ha t  received 
from exposure t o  ground cont ami na t ion  f o r  
4383 h r l y r  (one-half  o f  the t o t a l  exposure 
t ime poss ib le) .  I n  addi t ion,  the  dose 
r e s u l t i n g  from ingest ion o f  a  v a r i e t y  o f  
f oods tu f f s  (e.g., garden vegetables, m i l k ,  
etc.)  contaminated v i a  d r y  deposi t ion was 
ca lcu la ted  because o f  the  f oods tu f f s  grown 
i n  t h a t  area. 

A l l  o f  the  annual doses r e s u l t i n g  from ex- 
posure t o  the 1978 a i rborne e f f l u e n t s  were 
f a r  below Manual Chapter 0524 standards. The 
ca lcu la ted  annual whole-body dose (0.08 mrem) 
represents 0.016% o f  the  standard f o r  the  
maximum i nd i v i dua l  i n  an uncon t ro l led  area. 
Table 18 shows the 50-yr dose commitment from 
1978 a i rborne e f f l uen t s .  

Dr ink ing  Water 

Richland i s  the  f i r s t  c i t y  downstream from 
t he  Hanford S i t e  t o  ob ta i n  some o f  i t s  d r i nk -  
i n g  water f rom the  Columbia River.  Tables 17 
and 18 show the  estimated annual dose and 
50-yr dose comnitment f o r  an i nd i v i dua l  who 
d r i nks  730 l i t e r s  (193 ga l )  o f  water ob- 
ta ined  from the Columbia River.  Removal o f  
p a r t  o f  the a c t i v i t y  f rom the r i v e r  water by 
the  water treatment p l an t  was accounted f o r  
i n  the  ca lcu la t ion .  This removal factor  
va r ies  w i t h  the rad ionuc l ide.  (See re f -  
erence 14 f o r  de ta i l s . )  The ca lcu la ted  

maximum annual dose(0.05 mrem t o  the t h y r o i d )  
represents 1.3% o f  the Washington S ta te  
d r i n k i n g  water standard o f  4  mrem per year. 

I r r i g a t e d  Foodstuffs 

The Riverview Area i s  the  f i r s t  area down- 
stream from the  Hanford S i t e  t h a t  i s  exten- 
s i v e l y  i r r i g a t e d  w i t h  Columbia River  water. 
Shown i n  Tables 17 and 18 are the  maximum 
annual dose and 50-yr dose commitments f o r  
an i nd i v i dua l  who consumes f oods tu f f s  
i r r i g a t e d  w i t h  Columbia River  water, 1  i ve -  
stock r a i sed  on i r r i g a t e d  pasture, and a 
v a r i e t y  o f  o ther  farm products whose c u l t u r e  
invo lves Columbia River water. Many o f  t he  
assumptions made about the  maximum i n d i v i -  
dua l ' s  d i e t ,  t he  crops i r r i g a t e d ,  etc., are 
described i n  Appendix D. The ca lcu la ted  
maximum annual dose (0.16 mrem t o  the  thy -  
r o i d )  represents 0.01% of the  Manual Chapter 
0524 standard f o r  the  maximum i nd i v i dua l  i n  
an uncon t ro l led  area. 

Aquatic Recreat ion 

The Columbia River i s  used ex tens ive ly  f o r  
recreat ion.  Estimates o f  the  dose rece ived 
from rec rea t iona l  a c t i v i t i e s ,  shown i n  
Tables 17 and 18, are based on an i n d i v i d u a l  
who annual ly spends 500 h r  along the  shore- 
l i ne ,  100 h r  swimming, and 100 h r  boating, 
and who consumes 40 kg (88 l b )  o f  f i s h  from 
the  Hanford reach o f  the  Columbia River.  
A l l  o f  the rad ionuc l ides released t o  the  
r i v e r  were considered i n  the dose e s t i -  
mates. (Appendix D contains add i t i ona l  
d e t a i l s  on t h i s  ca lcu la t ion . )  The ca lcu-  
l a t e d  maximum annual dose (0.05 mrem t o  t he  
t h y r o i d )  represents 0.003% o f  the  Manual 
Chapter 0524 standard fo r  the maximum 
i nd i v i dua l  i n  an uncon t ro l led  area. 

Popu 1 a t  i on Dose 

Doses t o  the  populat ion w i t h i n  an 80-km 
(50-mi le) rad ius  o f  the  Hanford S i t e  were 
computed f o r  a l l  o f  the rad ionuc l ides l i s t e d  
i n  Table 16. Since the a f fec ted  populat ion 
d i f f e r s  w i t h  each environmental pathway con- 
sidered, a  dose est imate i s  provided f o r  each 
pathway-populat i on  combination. I n  addi t ion,  
a  populat ion dose was ca lcu la ted  f o r  each 
major operat ing area since a d i f f e r e n t  popu- 
l a t i o n  d i s t r i b u t i o n  e x i s t s  f o r  each. 

Sumnarized i n  Table 19 are the  est imated 
populat ion doses r e s u l t i n g  from 1978 e f f l u -  
ents t o  the  Columbia River. The d r i n k i n g  
water obtained from the Columbia River  down- 
stream from Hanford produces t he  l a rges t  
populat ion dose from l i q u i d  e f f l uen t s .  



TABLE 17. Annual Dose t o  t h e  Maximum I n d i v i d u a l  
f rom E f f l u e n t s  Released During 1978 

Dose (mrem) ( a )  
Environmental Whole 

Pathway Skin Body GI(~) Thyro id  Bone Lung 

Dr ink ing  Water -- < 0.01 <0.01 0.05 <0.01 <0.01 
I 

I r r i g a t e d  Foodstuf f  <0.01 < 0.01 < 0.01 0.16 <0.01 <0.01 . 
l. Aquat ic ~ e c r e a t i o n ( d 1  <0.01 <0.01 < 0.01 0.05 < 0.01 <0.01 

( a )  The doses shown are not  s t r i c t l y  add i t i ve .  The dose rece ived i s  dependent on the  
l o c a t i o n  and assumed l i v i n g  h a b i t s  o f  t h e  hypo the t i ca l  maximum i n d i v i d u a l .  The l o c a t i o n  
o f  the maximum i n d i v i d u a l  i s  d i f f e r e n t  f o r  each pathway shown; i n  some cases these 
l o c a t i o n s  are separated by many m i l e s  (see t e x t ) .  

(b )  G a s t r o i n t e s t i n a l  t r a c t  ( lower l a r g e  i n t e s t i n e ) .  
( c )  Includes dose c o n t r i b u t i o n s  from inha la t ion ,  submersion, i n g e s t i o n  o f  f o o d s t u f f s  

contami nated by a i rborne deposi t ion, and exposure t o  ground contamination. 
(d )  Inc ludes consumption o f  f i s h  from t h e  Columbia River.  

TABLE 18. 50-year Dose Commitment f o r  the Maximum I n d i v i d u a l  
f rom E f f l u e n t s  Released During 1978 

Dose (mrem) ( a )  
Environmental Whole 

Pathway Sk in  Body GI~ )  Thyro id  Bone Lunq 

Dr ink ing  Water - - < 0.01 < 0.01 0.05 < 0.01 < 0.01 

I r r i g a t e d  Foodstuf f  < 0.01 0.04 < 0.01 0.16 0.14 < 0.01 

Aquat ic ~ e c r e a t i o n ( d 1  < 0.01 0.02 < 0.01 0.05 0.06 < 0.01 

(a )  The doses shown are not  s t r i c t l y  add i t i ve .  The dose rece ived i s  dependent on the 
l o c a t i o n  and assumed l i v i n g  h a b i t s  o f  t h e  hypo the t i ca l  maximum i n d i v i d u a l .  The l o c a t i o n  
o f  the maximum i n d i v i d u a l  i s  d i f f e r e n t  f o r  each pathway shown; i n  some cases these 
l o c a t i o n s  are separated by  many m i l e s  (see t e x t ) .  

(b)  G a s t r o i n t e s t i n a l  t r a c t  ( lower l a r g e  i n t e s t i n e ) .  
( c )  Inc ludes dose c o n t r i b u t i o n s  from inha la t ion ,  submersion, i n g e s t i o n  o f  f o o d s t u f f s  

contaminated by a i rborne deposi t ion, and exposure t o  ground contamination. 
(d )  Inc ludes consumption o f  f i s h  from t h e  Columbia River.  



TABLE 19. Dose t o  the Population from L iqu id  
E f f l uen ts  Released During 1978 

Exposure Mode 

Drinking Water 

F ish 

Aquatic Recreation 

I r r i g a t e d  Foodstuff 

Drinking Water 

F ish 

Aquatic Recreation 

I r r i g a t e d  Foodstuff 

Popu 1 a t i  on 
Affected 

Population Dose (person-rem) 
Who 1 e 
Body GI(~) Thyroid Bone 

First-Year Dose 

50-Year Comni tment 

0.06 < 0.01 1.50 0.22 

< 0.01 < 0.01 0.02 0.02 

< 0.01 < 0.01 < 0.01 < 0.01 

0.04 0.01 0.16 0.14 

-- 

(a) Gastro intest inal  t r a c t  (lower 1 arge i n tes t i ne ) .  
(b) The populat ion dose i s  based on consumption o f  15,000 (33,000 l b )  o f  f i s h  during 

1978. The populat ion dose would be numerical ly the same regardless o f  the number o f  
people eat ing the f i s h .  

TABLE 20. Dose t o  the Population from Airborne Ef f luen ts  
Released During 1978 

Population Dose (person-rem) 
E f f l uen t  Re1 ease 80-Ki 1 ometer Whole 

Point Population Body G I~ )  'Thyroid Bone Lunq 
First-Year Dose 

100-N Area 236,000 1.5 1.5 3.1 1.5 1.7 

200 Areas 258,000 0.01 <0.01 < 0.01 < 0.01 0.02 

300 Area 171,000 <0.01 ~ 0 . 0 1  0.25 < 0.01 0.10 

50-Year Comnitment 

100-N Area 236,000 1.5 1.5 3.2 1.5 1.7 

200 Areas 258,000 0.06 <0.01 <0.01 0.28 0.06 

300 Area 171,000 cO.01 <0.01 0.41 0.03 0.11 

(a )  Gastro intest ional  t r a c t  (lower large in tes t ine) .  



Shown i n  Tab le  20 a re  t h e  computed doses 
t o  t h e  p o p u l a t i o n  w i t h i n  an 80-km (50-mi le)  
r a d i u s  o f  t h e  100-N Area, 200 Areas, and 
300 Area, f rom a i r b o r n e  e f f l u e n t s .  A l so  
shown a re  t h e  es t imated popu la t i on  groups 
a f f e c t e d  by t h e  e f f l u e n t s .  O f  t h e  t h r e e  
ope ra t i ona l  areas, t h e  100-N Area has r e -  
leases r e s u l t i n g  i n  t h e  l a r g e s t  popu la t i on  
dose. 

RADIOLOGICAL IMPACT FROM PAST HANFORD 
OPERATIONS 

Prev ious sec t i ons  o f  t h i s  r e p o r t  showed 
tha t ,  i n  general, any Hanford c o n t r i b u t i o n s  
t o  t h e  l e v e l s  o f  r a d i a t i o n  observed i n  t h e  
environment were i n d i s t i n g u i s h a b l e  f rom pre-  
e x i s t i n g  l e v e l s  a t t r i b u t e d  t o  wor ldwide 
f a l l o u t  or  n a t u r a l  causes. Except ions t o  
these f i n d i n g s  were t h e  d e t e c t i o n  o f  a  few 
rad ionuc l i des  re leased f rom N Reactor t o  t h e  
Columbia R ive r  a t  concen t ra t i ons  less  than 1% 
o f  t h e  most r e s t r i c t i v e  g u i d e l i n e s  o f  Manual 
Chapter 0524, and t h e  cont inued presenc o f  a  
few l o n g - l i v e d  rad ionuc l i des ,  n o t a b l y  ~ % c o ,  
a long t h e  Columbia R ive r  i s l a n d s  and shore- 
l i n e  near t h e  Hanford S i t e .  The rad ionu-  
c l i d e s  a t t r i b u t a b l e  t o  N Reactor were i n -  
c luded i n  Table 16 and i n  the e v a l u a t i o n  o f  
t h e  dose impact j u s t  discussed. The impact 
o f  t h e  a c t i v i t y  on t h e  Columbia R ive r  i s -  
lands and s h o r e l i n e  i s  eva luated here. 

S l i g h t l y  contaminated s o i l  a long t h e  
s h o r e l i n e  i n  t h e  v i c i n i t y  o f  N Reactor pro- 
duces a  measured maximum "fence-post"  ex- 
posure r a t e  o f  about 0.075 mR/hr. Access t o  
t h e  area o f  maximum exposure r a t e  i s  pos- 
s i b l e  o n l y  i f  boaters  t respass on t h e  Han- 
f o r d  S i t e  shore. 

Shore l i ne  sediments c o n t a i n i n g  6 0 ~ 0  would 
c o n t r i b u t e  t o  t h e  maximum i n d i v i d u a l  dose i n  
p r o p o r t i o n  t o  t h e  amount o f  t i m e  t h e  i n d i -  
v i d u a l  spent i n  t he  area and e x a c t l y  where 
i t  was spent, s ince  the  d i s t r i b u t i o n  o f  ac- 
t i v i t y  i s  h i g h l y  va r iab le .  An i n d i v i d u a l  
spending 500 h r / y r  a t  t h e  l o c a t i o n  o f  h igh -  
e s t  observed o f f s i t e  exposure r a t e ,  as de- 
t e r m i  ned by thermolumi nescent dosimeter 
measurement, would r e c  i v e  an annual dose o f  
about 0.4 mrem due t o  b o ;  t h i s  rep re -  
sents  less  than 0.1% o f  t h e  500 mrem stan- 
dard f rom Manual Chapter 0524 f o r  uncon- 
t r o l l e d  areas. 

The c o n t r i b u t i o n s  o f  t h e  6 0 ~ 0  i n  t h e  
shore1 i n e  sediments t o  t h e  popu la t i on  dose 
computed f o r  1978 are  i n s i g n i f i c a n t  because 
o f  t h e  low l e v e l s  o f  r a d i o a c t i v i t y ,  t h e  r e -  
moteness o f  t he  shore l ines,  and t h e  smal l  
number o f  people p o t e n t i a l l y  a f fec ted .  

IMPACT SUMMARY 

The maximum "fence-post" exposure r a t e  f o r  
1978, about 0.075 mR/hr, occur red a t  a  p o i n t  
on t h e  Hanford s h o r e l i n e  of t he  Columbia 
R ive r  near N Reactor. Accumulations o f  r a -  
d ionuc l i des  i n  t h e  s o i l  a t  t h i s  l o c a t i o n  
were r e s p o n s i b l e  f o r  most o f  t h i s  exposure 
r a t e .  

The maximum annual whole-body dose t o  an 
i n d i v i d u a l  member o f  t he  p u b l i c  f rom 1978 e f -  
f l u e n t s  i s  es t imated t o  be l e s s  than 
0.1 mrem, i n c l u d i n g  c o n t r i b u t i o n s  f rom a i r -  
borne, d r i n k i n g  water, i r r i g a t e d  f o o d s t u f f ,  
and aqua t i c  r e c r e a t i o n  pathways. The annual 
dose p o t e n t i a l l y  rece i ved  by any s i n g l e  organ 
(sk in ,  G I ,  t h y r o i d ,  bone, and l ung )  o f  t h e  
maximum i n d i v i d u a l  f rom a l l  pathways i s  e s t i -  
mated t o  be l e s s  than 0.5 mrem. These doses 
rep resen t  0.02% o f  t h e  maximum annual whole- 
body dose standard and 0.03% o f  t he  maximum 
s i n g l e  organ dose standard i n  Manual Chap- 
t e r  0524. 

A i rborne e f f l u e n t s  f rom t h e  Hanford S i t e ' s  
t h r e e  o p e r a t i n g  areas r e s u l t e d  i n  an annual 
whole-body dose t o  t h e  popu la t i on  w i t h i n  an 
80-km (50-mi le)  r a d i u s  o f  Hanford o f  about 
1.5 person-rem. L i q u i d  e f f l u e n t s  d u r i n g  1978 
c o n t r i b u t e d  ve ry  1  i t t l e  (about 0.01 person- 
rem) t o  t h e  t o t a l  popu la t i on  dose because o f  
t h e  1  i m i  t e d  popu la t i on  a f fec ted .  The t o t a l  
popu la t i on  dose i s  equ iva len t  t o  an annual 
per c a p i t a  whole-body dose o f  about 
0.006 mrem (1.5 person-rem/250,000 people).  

These dose es t imates  can be compared w i t h  
doses f rom o the r  r o u t i n e l y  encountered 
sources o f  r a d i a t '  n  such as n a t u r a l  back- 
ground r a d i  1f6)  medical  d i a g n o s t i c  
procedures tIbP";nd a  5-hr comnercia l  j e t  
f l i g h t . ( l l j  Compared g r a p h i c a l l y  i n  
F igu re  12 a re  t h e  average doses f rom these 
sources and t h e  maximum i n d i v i d u a l  and aver- 
age per c a p i t a  whole-body doses f rom Hanford 
operat ions f o r  1978. The es t imated popu la t i on  
dose o f  1.5 person-rem may a l so  be compared 
w i t h  t h e  approx imate ly  25,000 person-rem r e -  
ce ived annua l l y  by t h e  same popu la t i on  f rom 
background r a d i a t i o n .  

Hanford c o n t r i b u t i o n s  t o  bo th  i n d i v i d u a l  
and popu la t i on  r a d i a t i o n  exposure c l e a r l y  
rep resen t  a  ve ry  smal l  f r a c t i o n  o f  t h e  dose 
rece ived  f rom other  sources. Moreover, t h e  
maximum dose p o t e n t i a l l y  rece i ved  f rom n a t u r a l  
background r a d i a t i o n ,  d i a g n o s t i c  medical  
procedures, and comnercia l  j e t  f l i g h t s  cou ld  
be much g r e a t e r  than t h e  values sh wn d  pend- 
i n g  on an i n d i v i d u a l ' s  l i fe-sty le.?11:16f  
Thus t h e  dose c o n t r i b u t i o n  t o  t h e  maximum 
i n d i v i d u a l  f rom Hanford ope ra t i ons  i s  much 
less  than t h e  v a r i a b i l i t y  i n  o the r  doses r e -  
ce ived by peop le  w i t h  d i f f e r e n t  l i f e s t y l e s .  
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APPENDIX A 

APPLICABLE STANDARDS 

Operations a t  the Hanford S i t e  must con- 
form t o  a v a r i e t y  o f  federa l  and s t a t e  stan- 
dards designed t o  ensure the  r ad i o l og i ca l ,  
chemical, b i o l og i ca l ,  and phys ica l  q u a l i t y  
o f  the environment f o r  e i t h e r  aes the t i c  or 
p u b l i c  hea l t h  considerat ions. The s t a t e  o f  
Washington has promulgated water pgf 1 i ty  
standards f o r  the Columbia River.  O f  
i n t e r e s t  t o  Hanford operat ions i s  the  desig- 
na t ion  o f  t h e  Hanford reach o f  t h e  Columbia 

River as Class A o r  excel lent .  This designa- 
t i o n  requ i res  t h a t  the.water  be usable f o r  
s u b s t a n t i a l l y  a l l  needs inc lud ing  d r i nk i ng  
water, recreat ion,  and w i l d l i f e .  Class A 
water standards are sumnarized i n  Table A.1. 
A i r  q u a l i t y  standards have been promulgated 
by t h  nvironmental Protect ion Agency 
(EPAJ6F and are sumnarized i n  Table A.2. 

TABLE A.1. Washington State Water Qua1 't Standards f o r  
the  Hanford Reach o f  the Columbia River 15j  

CLASS A  WATER CHARACTERISTIC 

Meets o r  exceeds requirements f o r  a l l  uses. 

USES 

Inc lude  b u t  not  l i m i t e d  t o :  
Water supply--domestic, i n d u s t r i a l ,  a g r i c u l t u r a l  
W i l d l i f e  hab i ta t ,  stock wa te r ing  
General r e c r e a t i o n  and aes the t i c  enjoynent 
Comnerce and nav iga t ion  
F i s h  and s h e l l f i s h  reproduct ion.  r e a r i n g  and harves t ing  

WATER QUALITY STANDARDS 

Parameter Permiss ib le  Levels  

Fecal c o l i f o r m  organism 1 )  5 100 organisms/lOO ml (median) 

2)  5 10% o f  samples may exceed 200 organisms/100 ml 

Dissolved oxygen >8  mg/l 

Temperature 

pH 

1 )  5 1 8 ' ~  ( 6 4 ' ~ )  due t o  human a c t i v i t i e s  

2)  Increases no t  t o  exceed 28/(T+27), where T  = h ighest  

e x i s t i n g  temperature i n  OC ou ts ide  o f  m ix ing  zone 

1 )  6.5-8.5 range 

2) e0.5 u n i t  induced v a r i a t i o n  

T u r b i d i t y  5 5  J T U ( ~ )  over background t u r b i d i t y  

Toxic, rad ioac t i ve ,  o r  

d e l e t e r i o u s  m a t e r i a l s  Concentrat ions s h a l l  be below those o f  p u b l i c  h e a l t h  s i g n i r i -  

cance, o r  which cause acute o r  ch ron ic  t o x i c  cond i t i ons  t o  t h e  

aqua t i c  b io ta ,  o r  which may adversely  a f f e c t  any water use. 

Aesthet ic  value Shal l  no t  be impaired by the presence o f  m a t e r i a l s  o r  t h e i r  

e f f e c t s ,  exc lud ing  those o f  n a t u r a l  or ig in ,which o f f e n d  t h e  

senses o f  s igh t ,  smell ,  touch o r  tas te .  

( a )  JTU = Jackson T u r b i d i t y  U n i t s  - Standard Candle 



TABLE A.2. A i r  Q u a l i t y  Standards 

Parameter Maximum Permissible Level Period 
(a) 0.10 ppm 24-hr average 

0.02 ppm Annual averaae 

Suspended 
par t i cu la tes  (a)  

Annual ar i thmet ic  mean 
24-hr average 

Annual mean 

(a)  Ref: Washington State Department o f  Ecology. 
(b)  Ref: U.S. EPA. 
(c )  Not t o  be exceeded more than once per year. 
(d) Less background east o f  the Cascades. 

Environmental rad ia t ion  protect ion stan- 
dards are published i n  Manual Chapter , 
"Standards f o r  Radiation Protection."( 85" 
These standards are based on gu i d e l  i nes or i g -  
i n a l l  y recomnended by the Federal Radiation 
Council (FRC) and other s c i e n t i f i c  groups 
such as the In ternat iona l  C m i s s i o n  on Radi- 
o log ica l  Protect ion (ICRP) and the National 
C m i s s i o n  on Radiation Protect ion and Mea- 
surements (NCRP) . The standards govern expo- 
sures t o  ion iz ing  rad ia t i on  f o r  DOE and DOE 
contractor personnel and f o r  members of the 
pub l ic  who may be exposed t o  i on i z ing  radia- 
t i o n  resu l t i ng  from DOE and DOE contractor 
operations. Several concentration guides 
f o r  a i r  and water are l i s t e d  i n  Table A.3. 

Copies of these regulat ions may be ob- 
tained from the fo l lowing organizations: 

State o f  Washington 
Department o f  Ecology 
Olympia, WA 98504 

U.S. Environmental Protect ion Agency, 
Region 10 

1200 S ix th  Avenue 
Seattle, WA 98101 

TABLE A.3. Radionucl ide Concentration 
l x imav  

Radionucl ide 

Alpha 
3~ 

54m 
51 cr 
60co 

6 5 ~ n  

%r 
OSzr& 

1 0 6 ~ n  
1311 

13'cs 

l 4 O ~ a ~ a  
14-'ce 
2 3 9 ~ u  

Water 

1- 
30 

3.mJ.000 
100,000 

2.000.000 
30.000 

100.000 

300 

60.000 
10.000 

JoO 
20.000 

20.000 
10,000 

5.000 

(a) Obtained from Manual Chapter 0524. Table 11. 
Most restr ict ive wide assued. 

U.S. Department of Energy 
Richland Operations Of f i ce  
Richland, WA 99352 
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APPENDIX B 

ANALYTICAL PROCEDLIRES 

AIR SAMPLES 

Alpha-, Beta-, and Gamma-Emi t t i n g  Radionu- 
c l i d e s  are measured by a d i r e c t  count o f  the 
asbestos paper f i l t e r ;  alpha on a low back- 
ground gas f low p ropor t iona l  counter, beta 
on a gas f l ow  p ropor t iona l  counter, and 
gama on a 23-cm x 23-cm (9- in .  x 9-in.) NaI 
( T I )  we l l  detector  w i t h  a mult ichannel gama- 
r a y  spectrometer. 

Strontium-89, 90 are co l l e c t ed  on f i l t e r  
paper and determined by leaching the f i  1 t e r s  
w i t h  n i t r i c  acid, p r e c i p i t a t i n g  w i t h  fuming 
n i t r i c  acid, scavenging w i t h  barium chromate, 
p r e c i p i t a t i n g  as a carbonate, t r a n s f e r r i n g  
t o  a s ta in less  s t ee l  planchet, and count ing 
w i t h  a gas f low p ropor t iona l  counter. 

Plutonium i s  leached from the f i l t e r  paper 
w i t h  fuming n i t r i c  ac id  and passed through an 
anion exchange res in .  The r e s i n  column i s  
e lu ted  w i t h  0.4 N HNO3 - 0.01 N HF and the 
plutonium i n  the e lua te  i s  e lect rodeposi ted 
on a s ta in less  s tee l  disk,  exposed t o  nuclear 
t rack  f i l m ,  and then counted. 

T r i t i u m  i n  a i r  as HTO i s  determined by 
c o l l e c t i n g  the water vapor w i t h  s i l i c a  gel .  
The water vapor i s  removed by heat and vacuum 
and co l lec ted  i n  a f reeze trap. The t r i t i u m  
content o f  the water vapor i s  determined w i t h  
a l i q u i d  s c i n t i l l a t i o n  spectrometer. 

Iodine-131 i s  co l lec ted  on ac t i va ted  char- 
coal  which i s  then counted i n  the we l l  o f  a 
23-cm x 23-cm (9- in .  x 9-in.) NaI(T1) we l l  
detector .  

WATER SAMPLES 

Beta-Emi t t i n g  Radionucl ides are measured 
by a d i r e c t  count o f  d r i ed  residue. 

Uranium and Plutonium (To ta l  Alpha) are 
ext racted i n t o  e ther  from st rona n i t r i c  acid. 
The ether phase i s  evaporated o i f  and the 
res idue p la ted  on a s ta in less  s t ee l  planchet 
and counted w i t h  a low-background gas f low 
p ropor t iona l  counter. 

Gama-Emitt ing Radionuclides are deter -  
mined by a d i r e c t  count o f  500 ml o f  sample 
i n  the we l l  o f  a 23-cm x 23-cm (9- in.  x 
9-in.) NaI(T1) we l l  detector  w i t h  a m u l t i -  
channel gama-ray spectrometer. 

Strontium-90 i n  large-volume water sam- 
p l es  i s  p rec i p i t a t ed  w i t h  fuming n i t r i c  acid, 
scavenged w i t h  barium chromate, p r e c i p i t a t e d  
as a carbonate, t ransfer red t o  a s t a i n l ess  
s tee l  planchet, and beta-counted w i t h  a low- 
l e ve l  beta propor t ional  counter. A f t e r  a 
15-day per iod the y t t r ium-90 daughter i s  
separated and counted w i t h  a low-1 eve1 beta 
p ropor t iona l  counter. 

T r i t i u m  i s  measured i n  d i s t i l l e d  water 
samples w i t h  a l i q u i d  s c i n t i l l a t i o n  
spectrometer . 

F i l t e r -Res in  Samples are analyzed f o r  
gama-emi t t ing rad ionuc l ides us ing a GeLi 
detector  w i t h  a mult ichannel gama-ray 
spectrometer. A1 iquo ts  o f  the samples are 

lyzed by neutron a c t i v a t i o n  analys is  f o r  
I and by chemical separat ion and alpha 
spectrometr ic means f o r  plutonium. 

MILK 

Gamna-Emitting Radionuclides are measured 
by a d i r e c t  count o f  the sample i n  the we l l  
of a 23-cm x 23-cm (9- in.  x 9-in.) NaI(T1) 
detector .  

Iodine-131 i s  removed from mi l k  w i t h  anion 
exchange res in ,  C1- form. The iod ine  i s  
leached o f f  the  r e s i n  w i t h  sodium hypochlo- 
r i t e ,  p rec i p i t a t ed  as pa l lad ium ch lor ide,  
and beta-counted w i t h  a low-background beta 
counter. 

Strontium-90 i s  removed by drying, wet 
ashing, p r e c i p i t a t i n g  w i t h  fuming n i t r i c  
acid, scavenging w i t h  barium chromate, pre- 
c i p i t a t i n g  as a carbonate, and t r a n s f e r r i n g  
t o  a s t a i n l ess  s t ee l  planchet f o r  beta 
counting. 

FARM PRODUCE 

Gamna-Emitting Radionuclides are deter-  
mined by a d i r e c t  count o f  the sample i n  the 
wel l  o f  a 23-cm x 23-cm (9- in.  x 9-in.) NaI 
( T I )  we l l  detector.  

Plutonium analyses are made l i k e  those 
f o r  a i r  samples a f t e r  drying, ashing i n  a 
furnace, and wet ashing w i t h  n i t r i c  acid. 

Uranium analyses are made l i k e  those f o r  
water samples a f t e r  drying, ashing i n  a f u r -  
nace, and wet ashing w i t h  n i t r i c  acid. 



Strontium-90 analyses are made 1 i ke those 
f o r  a i r  samples a f t e r  the pretreatment des- 
c r ibed  f o r  uranium and plutonium. 

VEGETATION 

Uranium, Plutonium, Strontium, and Gamna- 
Emi t t i n q  Radionucl ides are determined us ing 
t he  procedures described f o r  farm produce. 

SOIL 

Gama-Emitt ing Radionucl ides are analyzed 
by p l ac i ng  approximately 500 grams o f  sample 
i n t o  a m a r i n e l l i  beaker and count ing on a 
l i t h i u m - d r i f t e d  germanium detector ,  w i t h  a 
mu1 t ichannel  pu lse he igh t  analyzer. 

Plutonium and Strontium-90 are measured 
when the s o i l  i s  dr ied.  mixed thorouahlv.  
leached w i t h  a m i x t u re -o f  n i t r i c  anddhyi;o- 
c h l o r i c  acids, and then passed through an 
i on  exchange r e s i n  i n  8 N n i t r i c  acid. 

The n i t r i c  ac id  r e t a i n s  s t ron t ium and 
other  metal ions. This phase i s  p r e c i p i -  
t a t ed  w i t h  fuming n i t r i c  acid, scavenged 
w i t h  barium chromate, p rec i p i t a t ed  as a car-  
bonate, and t r a n  f e r r e d  t o  a s t a i n l ess  s t e e l  
planchet. The 98Sr sample i s  counted w i t h  
a low-background beta p ropor t iona l  counter. 

The plutonium i s  e l u t ed  from t he  r e s i n  
column w i t h  0.4 1 HNO3 - 0.01 1 HF and 
e lect rodeposi ted on a s t a i n l ess  s t ee l  d i sk  
f o r  a1 pha spect rometr ic  analyses. 
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APPENDIX C 

QUALITY ASSURANCE 

Several  methods are used t o  assure t h a t  
t h e  data c o l l e c t e d  each year are representa-  
t i v e  o f  ac tua l  concen t ra t i ons  i n  t h e  env i ron-  
ment. F i r s t ,  ex tens i ve  environmental  da ta  
are  c o l l e c t e d  t o  e l i m i n a t e  an u n r e a l i s t i c  
r e l i a n c e  on o n l y  a few r e s u l t s .  Second, newly 
c o l l e c t e d  data  are compared w i t h  h i s t o r i c a l  
data  f o r  each environmental  medium t o  assure 
t h a t  c u r r e n t  values are c o n s i s t e n t  w i t h  pre- 
v ious  r e s u l t s .  Th is  a l lows f o r  t i m e l y  inves-  
t i g a t i o n  o f  any unusual r e s u l t .  Th i rd ,  mea- 
surements are c o l l e c t e d  us ing i d e n t i c a l  meth- 
ods, near t o  and f a r  f rom the  Hanford S i te ,  
as we l l  as upstream and downstream on the  
r i v e r ,  t o  p rov ide  f o r  i d e n t i f i c a t i o n  o f  any 
ne t  d i f f e r e n c e  t h a t  may be a t t r i b u t a b l e  t o  
Hanford operat ions.  These procedures, i n  
con junc t i on  w i t h  a program t o  demonstrate 
t h e  accuracy o f  rad iochemica l  analyses, as- 
sure t h a t  t he  data  accu ra te l y  represent  env i -  
ronmental cond i t i ons .  

ANALYTICAL LABORATORY QUALITY ASSURANCE 

p a r t i c i p a t e s  i n  l a b o r a t o r y  in tercompar ison 
programs conducted by t h e  Environmental Mea- 
surements Labora to ry  (EML) and t h e  Environ- 
mental P r o t e c t i o n  Agency (EPA). I n  these 
programs, a number o f  d i f f e r e n t  environmental  
media (water,  m i l k ,  a i r  f i l t e r s ,  and food- 
s t u f f s )  c o n t a i n i n g  one o r  more r a d i o n u c l i d e s  
i n  known amounts are prepared and d i s t r i b u t e d  
t o  p a r t i c i p a t i n g  l a b o r a t o r i e s .  R e p l i c a t e  
analyses are performed on each sample and 
the  r e s u l t s  forwarded t o  the  sponsor ing labo- 
r a t o r y  f o r  comparison w i t h  known values and 
w i t h  t h e  r e s u l t s  from o the r  l a b o r a t o r i e s .  
These programs enable a l a b o r a t o r y  t o  demon- 
s t r a t e  t h a t  i t  i s  capable o f  pe r fo rm ing  pre- 
c ise ,  accura te  analyses. 

Sumnarized i n  Table C . l  i s  a comparison 
o f  Un i ted  S ta tes  Tes t i ng  Company, EPA and 
EML r e s u l t s .  The EML and EPA r e s u l t s ,  w h i l e  
no t  t h e  t r u e  values, are the  mean o f  r e p l i -  
ca te  analyses and are used as t h e  re ference 
values i n  t h e  programs. 

The m a j o r i t y  o f  the  r o u t i n e  rad ioana lyses QUALITY ASSURANCE I N  DOSE CALCULATIONS 
f o r  t h e  Hanford environmental  su rve i  11 ance 
program are performed by t h e  Un i ted  S ta tes  
T e s t i n g  Company i n  Richland, Washington. Th i s  
1 abora tory  main ta ins  an i n t e r n a l  q u a l i t y  as- 
surance program t h a t  i nvo l ves  r o u t i n e  c a l  i - 
b r a t i o n  o f  coun t ing  instruments,  d a i l y  source 
and background counts, r o u t i n e  y i e l d  deter -  
mi na t i ons  o f  rad iochemica l  procedures, rep1 i - 
ca te  analyses t o  check p rec i s ion ,  and analyses 
o f  reagents t o  assure p u r i t y  o f  a l l  chemicals. 
The accuracy o f  rad ionuc l  i de determi n a t i o n  
i s  assured through the  use o f  standards 
t raceab le  t o  t h e  Na t iona l  Bureau o f  Stan- 
dards, when a v a i l  able.  The l a b o r a t o r y  a l so  

Assurance o f  t he  dose c a l c u l a t i o n  q u a l i t y  
i s  prov ided i n  severa l  ways. F i r s t ,  s i nce  
doses are s imi  1 a r  f rom year  t o  year, a com- 
pa r i son  i s  made aga ins t  pas t  c a l c u l a t e d  doses 
and any d i f f e r e n c e s  are va l i da ted .  Second, 
a l l  computed doses are double checked by t h e  
o r i g i n a t o r  and by an independent t h i r d  p a r t y  
who a l so  checks a l l  i n p u t  data and assump- 
t i o n s  used i n  t h e  c a l c u l a t i o n .  Th i rd ,  i n f o r -  
mat ion necessary t o  per form a l l  o f  t he  calcu- 
l a t i o n s  i s  f u l l y  documented. Synopses o f  
t he  i n f o r m a t i o n  f o r  t h e  1978 c a l c u l a t i o n s  
are shown i n  Tables C.2 - C.5. 



TABLE C.1.  Summary of L a b o r a t o r y  I n t e r c o m p a r i s o n  R e s u l t s  f o r  1978 

EML E P A ( ~ )  

Samp 1 e ( b  Number o f  Average Number o f  Average Rat io ,  
Medium Radionucl ide Analyses UST t o  EML Samples UST t o  €PA 

A i r  Alpha 

Beta 

2 2 ~ a  

5 4 ~ n  

5 7 ~ o  

6Oco 

6 5 ~ n  

'Osr 

106R" 

1 2 5 ~ b  

134cs 

(a)  Each sample i s  analyzed i n  t r i p l i c a t e .  
(b )  Average + standard d e v i a t i o n  o f  t h e  average. 



TABLE C.1. (Contd)  

EML E P A ( ~ )  

Sample Number o f  Average Number o f  Average Rat io,  (b )  
Medium Radionucl ide Analyses UST t o  EML Samples UST t o  EPA 

So i l  4 0 ~  2 0.95 + 0.24 

Vegetation 4 0 ~  3 0.80 + .0.10 

6 0 ~ o  2 2.73 i 2.69 

'Osr 3 0.87 i 0.26 

1 3 7 ~ s  3 0.90 i 0.05 

Tissue 

M i l k  

Food 

(a)  Each sample i s  analyzed i n  t r i p 1  i ca te .  
( b )  Average f standard dev ia t i on  of the  average. 



TABLE C.2. QA Data f o r  100 Area A i r b o r n e  Release Dose C a l c u l a t i o n  

F a c i l i t y  name: 

Releases: 

Meteorological  cond i t ions :  

Dispersion model : 

X / Q :  

Release he ight :  

Populat ion d i s t r i b u t i o n :  

Computer code: 

Calculated dose: 

F i l e s  addressed: 

Conputer code: 

Calculated dose: 

F i l e s  addressed: 

Computer code: 

Calculated dose: 

F i l e s  addressed: 

100 Area 

See Table 16 

100-N meteorological  tower I -year  data (2-70 through 1-71). 
annual average, see Table D.l 

Gaussian, Hanford parameters 

Maximum i nd i v i dua l  2.7 x 10-9 s e c / d  @ 40 km SE-SEE 
80-km popu la t ion  4.1 x pe rson -sec /d  

82.3 meters e f f e c t i v e  (60.96 meters ac tua l  stack 
he ight )  

236,000. see F igure  D. 1 

DACRIN, Rev. 3-31-78 

Chronic inha la t ion ,  maximum i nd i v i dua l  and 80-km populat ion. 
f i r s t - y e a r  dose and 50-year dose c m i t m e n t  

Organ data l i b r a r y ,  Rev. 3-7-79 
THERMA 1 i b ra r y ,  Rev. 10-29-75 

FOOD. Rev. 8-1-78 

Chronic ingest ion  and ground contamination exposure, m a x i m  
i nd i v i dua l  and 80-km populat ion, f i r s t - yea r  dose and 50-year 
dose c m i t m e n t  

Radionuclide L ibrary ,  Rev. 3-15-78 
Food Transfer L ib rary .  Rev. 2-27-78 
Organ Data L ib rary ,  Rev. 9-8-78 
Ground Dose Factor Library.  Rev. 3-15-78 

GRONK. Rev/8-5-75 

Chronic a i r  submersion, m a x i ~ m  i nd i v i dua l  and 80-km 
populat ion, f i r s t - y e a r  dose and 50-year dose c m i t m e n t  

OFEXTI, Rev. 11-17-77 

TABLE C.3. QA Data f o r  100 Area L i q u i d  Release Dose C a l c u l a t i o n  

F a c i l i t y  name: 100 Area 

River f low: 117,200 c f s  

Mixing r a t i o :  1 

Reconcentration formula: 3 

Shore-width f ac to r :  0.2 

Populat ion: 50.000--drinking water pathway 
125,000--f i s h  and d i r e c t  exposure 

Conputer code: ARRRG, Rev. 8-1-78 

Calculated dose: Chronic ingest ion, d i r e c t  exposure t o  water and shorel ine, 
maximum i nd i v i dua l  and 80-km population, f i r s t - y e a r  dose 
and 50-year dose c m i t m e n t  

F i l e s  addressed: Radionuclide L ibrary .  Rev. 3-15-78 
Organ Data L ib rary ,  Rev. 9-8-78 
Hanford Speci f ic Bio. Accum. L i b r a r y  
External  Dose Factor Library.  Rev. 3-15-78 



TABLE C.4. QA Data for 200 Areas Airborne Release Dose Calculations 

F a c i l i t y  name: 

Meteorolopy condi t ions:  

D ispers ion model : 

X/Q: 

Release he ight :  
he igh t )  

Popula t ion d i s t r i b u t i o n :  

Computer code: 

Calculated dose: 

F i l e s  addressed: 

Computer code: 

Calculated dose: 

F i l e s  addressed: 

Computer code: 

Calculated dose: 

F i l e s  addressed: 

200 Areas 

HMS h i s t o r i c a l  15-year data (1955-1970), annual 
average, see Table 0.2 

Gaussian, Hanford parameters 

Maximum i n d i v i d u a l  4.0 x 10-9 s e c / d  @ 37 km SE 
80-km popula t ion 3.7 x person.sec/m3 

89.2 meters e f f ec t i ve  (60.96 meters actua l  stack 

258.000, see F igure 0.2 

DACRIN, Rev. 3-31-78 

Chronic i nha la t i on ,  maximum individual and 80-km 
popula t ion,  f i r s t - y e a r  dose and 50-year dose comnitment 

Organ Data L i b ra r y ,  Rev. 3-7-79 
THERk4 L ib ra r y ,  Rev. 10-29-75 

FOOD, Rev. 8-1-78 

Chronic ingest ion and ground contamination exposure, 
maximum ind i v i dua l  and 80-km popula t ion,  f i r s t -  
year dose and 50-year dose comnitment 

Rad~onuc l i de  L i b ra r y .  Rev. 3-15-73 
Food Transfer L i b ra r y ,  Rev. 2-27-78 
Organ Oata L ibrary ,  Rev. 9-8-78 
Ground Dose Factor  L ~ b r a r y ,  Rev. 3-15-78 

GRONK, Rev. 8-5-75 

Chron~c a i r  submersion. maximum i n d i v i d u a l  and 80-km 
populat ion, f i r s t - y e a r  dose and 50-year dose commtment 

OFEXTI, Rev. 11-17-77 

TABLE C.5. QA Data for 300 Area Airborne Release Dose Calculations 

F a c i l i t y  name: 300 Area 

Meteorolopy c o n d i t i r n s :  YPPSS 2-year data (4-74 through 3-76), annual average. 
see Table 0.3 

Dispers ion model: Gaussian, Pasqui l l parameters 

Maximum i n d i v i d u a l  2 x 10-6 sec/m3 @ 1.6 km E 
80-km popula t ion 5.7 x 10-3 person.sec/d  

Release he ight :  Ground l e v e l  

Popula t ion d i s t r i b u t i o n :  171,000, see F lgure 0.3 

Computer code: DACRIN, Rev. 3-31-78 

Calcu la ted dose: Chronic i nha la t i on ,  maximum i n d i v i d u a l  and 80-km 
popula t ion,  f i r s t - y e a r  dose and 50-year dose comnitment 

F i l e s  addressed: Organ Data L i b ra r y .  Rev. 3-7-79 
THEAM L ib ra r y .  Rev. 10-29-75 

Computer code: FOOD, Rev. 8-1-78 

Calcu la ted dose: Chronic i nges t i on  and ground contamination exposure, maximum 
i n d i v i d u a l  and 80-km populat ion, f i r s t - y e a r  dose and 50-year 
dose comnitment 

F i l e s  addressed: Radionuc l ide L i b ra r y ,  Rev. 3-15-78 
Food Transfer L i b ra r y .  Rev. 2-27-78 
Organ Oata L i b ra r y ,  Rev. 9-8-78 
Ground Dose Factor  L i b ra r y ,  Rev. 3-15-78 

Computer code: GRONK, Rev. 8-5-75 

Calcu la ted dose: Chronic a i r  submersion, maximum i n d i v i d u a l  and 80-km 
popula t ion.  f i r s t - y e a r  dose and 50-year dose comnitrnent 

F i l e s  addressed: DFEXTI, Rev. 11-17-77 
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APPENDIX D 

RADIATION DOSE CALCULATIONS 

The met hods used t o  compute environmental meteorology, demography, and re lease he igh t  
r ad i a t i on  doses from Hanford operat ions can f o r  each area i s  given below. 
be categorized as fo l lows :  

Whenever environmental moni tor ing data 
show the presence o f  rad ionuc l ides,  the 
dose impact i s  ca lcu la ted us ing standard 
techniques described i n  the t e x t  (e.g., 
the i n f a n t  t h y r o i d  dose o f  0.6 mrem from 
f a l l o u t  1311 i s  ca lcu la ted  us ing  methods 
o f  the Environmental P ro tec t ion  Agency, 
as described on page 16 o f  t h i s  r epo r t ) .  

2. The l i q u i d  and gaseous rad ionuc l ide  e f f l u -  
ent released dur ing  the year by a l l  Han- 
f o r d  f a c i l i t i e s  i s  included i n  the repor t .  
Since the q u a n t i t i e s  shown are genera l l y  
undetectable i n  the environment, the dose 
impact i s  ca lcu la ted us ing the e f f l u e n t  
q u a n t i t i e s  as source terms and us ing theo- 
r e t i c a l  dispersion, uptake, and dose mod- 
e l s  t o  compute the r a d i a t i o n  dose. A l l  o f  
the models have been used p rev ious ly  t o  
ca l cu l a t e  doses from Hanford f a c i l i t i e s  
and are considered t o  prov ide the best es- 
t imates o f  the genera l l y  undetectable dose 
impact a t t r i b u t a b l e  t o  Hanford operat ions. 

Because the ca l cu l a t i on  o f  doses r e s u l t i n g  
from s i t ua t i ons  i n  Category 1 i s  in f requent  
and s u f f i c i e n t  d e t a i l  i s  included i n  the 
t e x t  i n  such cases, no support ing informa- 
t i  on i s  considered necessary here. 

Category 2  dose ca lcu la t ions ,  because o f  
t h e i r  complex nature, r equ i r e  considerable 
suppor t ing information, t o  which the balance 
of t h i s  appendix i s  devoted. I n  computing 
the ove ra l l  impact o f  Hanford operations, 
each major opera t in  area (100-N Area, 
200 Areas, 300 Area? i s  considered sepa- 
r a t e l y .  The distances between these areas 
r e s u l t  i n  d i f fe rences  i n  the populat ion d i s -  
t r i b u t i o n ,  the meteoro log ica l  condi t ions,  
and the l oca t i on  o f  the maximum o f f s i t e  
impact. The assumptions used t o  ca lcu la te  
the dose impact dur ing  1978 were as fo l l ows :  

AIRBORNE EFFLUENTS 

100-N Area 

Gaseous e f f l u e n t  was released a t  an e f f ec -  
t i v e  he ight  o f  82 m (269 f t )  above ground 
leve l .  The populat ion d i s t r i b u t i o n  shown i n  
Figure D . l  f o r  the area w i t h i n  an 80-km 
(50-mi le) rad ius  o f  the 100-N Area was used 
i n  the ca lcu la t ions .  The annual average at -  
mospheric d ispers ion data used are shown i n  
Table D . l  f o r  the 100-N Area and are based 
on a  year ' s  worth o f  meteorological  da ta  
co l l e c t ed  several  years ago ( t he  on ly  data 
avai 1  able).  

200 Areas 

Gaseous e f f l u e n t  was assumed t o  be re-  
leased a t  the center o f  the 200 Areas a t  an 
e f f e c t i v e  he igh t  o f  89 m (292 f t )  above 
ground leve l .  Calcu la t ions used the popula- 
t i o n  d i s t r i b u t i o n  shown i n  F igure D.2 f o r  the  
area w i t h i n  an 80-km (50-mile) rad ius  o f  the 
Hanford Meteorological  S ta t ion  (HMS) located 
on the east s ide o f  200-West Area. Annual 
average atmospheric d ispers ion data used i n  
the ca l cu l a t i ons  are based on past meteoro- 
l o g i c a l  data ( the  15-yr average from 1955 t o  
1970) from HMS and are presented i n  Table D.2. 

300 Area 

Gaseous e f f l u e n t  was assumed t o  be r e -  
leased a t  ground l e v e l  s ince most stacks i n  
the 300 Area are ra ther  short .  Populat ion 
d i s t r i b u t i o n  data shown i n  F igure 0 .3  f o r  the 
area w i t h i n  an 80-km (50-mile) rad ius  of the 
300 Area were used i n  the ca lcu la t ions .  An- 
nual average atmospheric d ispers ion data de- 
veloped from meteorological  data c o l l e c t e  
the Washington Pub l i c  Power Supply System hP 
f o r  the WNP-2 reac to r  were used. These data 
are shown i n  Table D.3. 

Doses were then ca lcu la ted  f o r  exposure 
v i a  the f o l l o w i n q  sources: 

i nha la t i on  
Separate impacts were ca lcu la ted f o r  r e -  submersion 

leases from the 100-N Area, the 200 Areas, ground deposi t ion 
and the 300 Area (see Table 16). The source ea t i ng  vegetables, f r u i t s ,  etc., grown 
term used for each area was the 1978 re lease  i n  the v i c i n i t y  o f  Hanford 
from t h a t  area. Spec i f i c  in format ion on the ea t ing  meat and p o u l t r y  products from 

animals r a i sed  i n  the v i c i n i t y  o f  Hanford. 

(a )  We wish t o  thank WPPSS f o r  permission t o  use t h e i r  meteoro log ica l  data. 



FIGURE D.1. Es t imated Geographic D i s t r i b u t i o n  o f  t h e  P o p u l a t i o n  (236,000) 
W i t h i n  a  50 -M i l e  (80-km) Radius o f  t h e  100-N Area 

TABLE D.1. Annual Average Atmospher ic  D i spe r  i n Around t h e  100-N Area 
f o r  an 82-m Release H e i g h t  ( U n i t s  a r e  seclm3)taT 

Range in Miles (km) 
Direction 0.5 (0 .8 )  1 . 5 ( 2  . 4 )  2 . 5 ( 4  . 0 )  3 . 5 ( 5  . 6 )  4 . 5 ( 7  . 2 )  7 . 5 ( 2  . 0 )  15 0 25 (40 )  35 (56 )  45 ( 7 2 )  ---- 
N 3.68E-08 1.60E-08 9.02E-09 5.69E-09 4.05E-09 2.49E-C9 1.91E-09 
NNE 5.24E-08 2.05E-08 1.08E-08 6.64E-09 4.62E-09 2.68E-09 1.94E-09 
NE 1.44E-07 4.84E-08 2.35E-08 1.39E-08 9.39E-09 5.02E-09 3.30E-09 
ENE 1.21E-07 5.50E-08 2.81E-08 1.70E-08 1.17E-08 6.65E-09 4.72E-09 

E 1.14E-07 6.79E-08 3.60E-08 2.20E-08 1.54E-08 9.31E-09 7.43E-09 
ESE 1.20E-07 7.12E-08 3.76E-08 2.29E-08 1.59E-08 9.18E-09 6.87E-09 
SE 7.91E-08 4.84E-08 2.60E-08 1.60E-08 l . lOE-08 5.95E-09 3 . 8 i i - 0 9  
SSE 7.94E-08 4.40E-08 2.27E-08 1.37E-08 9.28E-09 4.73E-09 2.72E-09 

SSW 1.61E-07 5.84E-08 2.82E-08 1.65E-08 l . lOE-08 5.38E-09 2.89E-09 
SW 7.78E-08 3.33E-08 1.77E-08 1.08E-08 7.49E-09 4.13E-09 2.67E-09 
WSW 5.39E-08 2.74E-08 1.62E-08 1.04E-08 7.39E-09 4.34E-09 2.99E-09 

W 7.20E-08 3.48E-08 1.97E-08 1.25E-08 8.81E-09 5.20E-09 3.64E-09 
WNW 8.53E-08 3.75E-08 2.07E-08 1.29E-08 9.02E-09 5.09E-09 3.39E-09 
NW 8.32E-08 3.48E-08 1.90E-08 1.18E-08 8.24E-09 4.62E-09 3.60E-09 
NNW 4.68E-08 2.07E-08 1.18E-08 7.43E-09 5.22E-09 2.99E-09 2.04E-09 

(a) Calculated from meteorological data collected for the period 2-70 through 1-71. 



FIGURE D.2. Estimated Geographic D i s t r i b u t i o n  o f  t h e  Popula t ion (258,000) 
Wi th in  a 50-Mi 1 e (80-km) Radius o f  the Hanford Meteor01 og ica l  S t a t i o n  

TABLE D.2. Annual Average Atmospheric Disper i n Around the 200 Areas 
f o r  an 89-m Release Height (Un i t s  are sec/m3)?ag 

Range in Miles (km) 
Direction 0.5 (0.8) 1 . 5 ( 2  . 4)  2 . 5 [ 4  . 0 )  3 . 5 ( 5  . 6) 4 . 5 ( 7  . 2 )  7.5 (12.0) 15 (24 )  25 (40 )  35 (56 )  45 (72)  ---- 
N 3.29E-08 1.76E-08 1.04E-08 6.91E-09 4.87E-09 2.29E-09 1.08E-09 7.81E-10 6.23E-10 5.10E-10 
NNE 4.70E-08 1.90E-08 1.05E-08 6.82E-09 4.76E-09 2.22E-09 1.08E-09 8.11E-10 6.60E-10 5.47E-10 
N E 8.05E-08 3.02E-08 1.54E-08 9.44E-09 6.40E-09 2.92E-09 1.50E-09 1.19E-09 9.86E-10 8.26E-10 
ENE 7.61E-08 2.84E-08 1.45E-08 8.94E-09 6.07E-09 2.85E-09 1.64E-09 1.37E-09 1.15E-09 9.64E-10 

ESE 
SE 
SSE 

s 
SSW 
SW 
wsw 

W 
WNW 
NW 
NNW 

(a) Calculated from meteorological data collected from 1955 through 1970. 



FIGURE D.3. Estimated Geographic D i s t r i b u t i o n  o f  the  Populat ion (1  71,000) 
With in  a 50-Mile (80-km) Radius o f  the  300 Areas 

Direction 

N 
NNE 
NE 
ENE 

E 
ESE 
SE 
SSE 

S 
SSW 
S W 
WSW 

W 
WNW 
Nu 
NNW 

TABLE D.3. Annual Average Atmospheric Disper i n Around the  300 Area 
f o r  a Ground-Level Release (Uni ts  a r e  sec/m3)taY 

Range in Miles (km) 
5 (12.0) 

(a) Calculated from meteorological data collected during the period 4-74 through 3-76. 



LIQUID EFFLUENTS 

The 1978 releases,  shown i n  ~ a b l ' e  16 i n  
t h e  t e x t ,  were assumed t o  be mixed w i t h  t h e  
t o t a l  annual f l o w  o f  t he  Columbia River .  For 
1978, t h e  Un i ted  Sta tes  Geolog ica l  Survey r e -  
p o r t e d  t h a t  t h e  mean annual f l o w  r a t e  was 
117,200 cub ic  f e e t  per  second. 

Doses were then c a l c u l a t e d  f o r  i n takes  o r  
exposure v i a  t h e  f o l l o w i n g  sources: 

d r i n k i n g  s a n i t a r y  water obta ined from 
t h e  r i v e r  
e a t i n g  f i s h  obta ined f rom the  r i v e r  
e a t i n g  vegetables, f r u i t s ,  etc., grown 
u s i n g  r i v e r  water f o r  i r r i g a t i o n  
e a t i n g  meat and p o u l t r y  products  f rom 
animals f e d  on i r r i g a t e d  pas tu re  

swimning, boat ing,  o r  r e c r e a t i n g  on t h e  
shore l ine .  

DIETARY ASSUMPTIONS 

A l l  c a l c u l a t i o n s  were made u s i n g  t h e  mod- 
e l s  descr ibed i n  References 13 and 14. The 
t r a n s f e r  and b ioaccumula t ion  f a c t o r s  a r e  t o o  
numerous t o  be presented here  b u t  can be ob- 
t a i n e d  f rom t h e  re ferences.  Data on t h e  con- 
sumption o f  t h e  va r ious  f o o d s t u f f s  consid-  
ered i n  computing b o t h  t h e  h y p o t h e t i c a l  max- 
imum i n d i v i d u a l  and t h e  popu la t i on  doses are  
summarized i n  Tables D.4 and D.5. The va lues 
shown i n  Table 0.4 a re  a l so  used t o  es t ima te  
t h e  i n g e s t i o n  and e x t e r n a l  dose r e s u l t i n g  
f rom d e p o s i t i o n  o f  rad ionuc l  i des  re leased t o  
t h e  atmosphere. 

TABLE D.4. Foods tu f f  Holdup and Consumption 

Consumption ( i n  
Maximum kg /y r  except as 

I n d i v i d  a1 o the rw ise  noted) 
HoldupYa) Maximum 

Foods tu f f  (Days) I n d i v i d u a l  Popu 1 a t  i o n  

Leafy  vegetables 

o.A.G.(~) vegetables 

Potatoes 

Other r o o t  vegetables 

B e r r i e s  

Me1 ons 

Orchard f r u i t  

Wheat 

Other g r a i n  

Eggs 
M i l k  

Beef 

Pork 

P o u l t r y  

Ground contaminat ion 

I n h a l a t i o n  

Populat  ' o  
~ O ~ d u ~ l a B  

(Days) 

14 

14 

14 

14 

14 

14 

14 

14 

14 

18 

4 

34 

34 

34 

0 

0 

( a )  Holdup i s  t h e  decay t i m e  between harvest  and consumption. 
( b )  Other above-ground. 



TABLE D.5. Consumption and Usage Factors fo r  Ca lcu la t ion  
o t  txposures from t he  Columbia River 

Usage 
~ o l d u p ( a )  Maximum 

Exposure Mode Hours I nd i v i dua l  Popu 1  a t  i on 

F i sh  24 40 kg/yr 15,000 kg ly r  (b)  

Dr ink ing  Water 24 730 L l y r  438 L/yr  

Shore1 i n e  8(c)  500 h r l y r  17 h r  / y r  

Sw imni ng 8 (c )  100 h r l y r  10 h r l y r  

Boat ing 8(c)  100 h r l y r  5  h r l y r  

(a)  Holdup i s  the .decay t ime between harvest and consumption o r  between 
e f f l u e n t  re lease and exposure. 

(b )  The populat ion dose i s  based on the consumption o f  15,000 kg o f  f i s h  
and would be numer ica l ly  t h e  same regard less of t he  number o f  people 
ea t i ng  the  f i s h .  

( c )  A  13-hour holdup t ime was assumed f o r  the  populat ion dose ca lcu la t ions .  
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