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POTENTIAL EFFECTS OF PROJECT CHARIOT 

ON LOCAL WATER SUPPLIES 

By Arthur Me Piper 

SCOPE OF THE REPORT 

This repor t  covers an order-of-magnitude appraisal  of the  

concentrations of radioac5ive nuclides t h a t  might be introduced 

i n t o  local  water supplies by execution of Project  Chariot, near  

Cape Thompson, Alaska. (see Plate 1 . )  It i s  wholly a hypothetical 

case study, based on a s ingle  s e t  of assumptions t h a t  w i l l  be outlined. 

Those assumptions, and the conclusions derived from them, may o r  m y  

not be sustained i n  the f i n a l  design of the project .  

A f i r s t  stage of the appraisal  was outlined i n  a memorandum 

dated February 28, 1961, from D r ,  John Wolfe, Chairman, Committee on 

Environmental Studies f o r  Project  Chariot, t o  M r .  E. C. Shute, Manager, 

SAN. It was authorized by a memorandum dated April 13, 1961, from 

Hr ,  John F. Philip, Director, Special Projects  Division, SAN t o  

M r ,  Vincent E. NcKelvey, Assistant  Chief Geologist, Geoiogical Survey. 

A second stage of the  appraisal was authorized subsequently. 

ANTECEDENT WORK 

The wri ter  v i s i t ed  the  area July 7-14, 1961, f o r  ground and a i r  

reconnaissance i n  company with Reuben Kachadoorian of the Geological 

Survey, However, nuoh of the  appraisal  i s  based on information supplied 

by colleagues i n  the Geological Survey, o r  contained i n  the repor t s  

l i s t e d  below. A l l  these sources are drawn on f reely ,  cbmmonly without 

specif ic  c i t a t ions .  



Allen, P. W., Van Der Hoven, I., and Weedfall, R. O . ,  December 1960, 
Microclimatology of Ogotoruk Valley, Preliminary Report No. 1: 
U. S. Weather Bureau Research Station, Las Vegas, Nevada. 

Kachadoorian, Reuben, and others, October 1958, Geology of the 
Ogotoruk Creek area, northwestern Alaska (with sections on 
surface water and quality of water): U. S. Geological Survey, 
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Kachadoorian, Reuben, and others, January 1960, Geologic investigations 
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U. S. Geol. Survey, Trace Elements Investigations Report 753. 

Kachadoorian, Reuben, and others, June 1960, Supplementary report on 
geologic investigations in support of Phase 11, Project Chariot 
in the vicinity of Cape Thompson, northwestern Alaska: U. S. Geol. 
Survey, Race Elements Investigations Report 764. 

Kachadoorian, Reuben, and others, January 1961, Geologic investigations 
in suppopt of Project Chariot, Phase 111, in the vicinity of Cape 
Thompson, northwestern Alaska--Preliminary report: U. S. Geol. 
Survey, Trace Elements Investigation Report 779. 



BASIC ASSUMPTIONS 

Certain assumptions t ha t  a r e  basic t o  t h i s  appraisal are delineated 1 

in three mernorandu~ls: (1) M r .  John F. Philip,  Director, Special Projects 

Division, SAN, t o  D r .  Gerald W. Johnson, Associate Director, Lawrence 

Radiation Laboratory, March 21, 1961; ( 2 )  D r .  Johnson t o  M r .  Philip, 

March 31, 1961; and (3)  the previously c i ted memorandum from Mr. Phi l ip  

t o  Mr. V. E. KcXelvey of the Oreological Survey, April 13, 1961. These 

assumptions are: 

1. The array and emplacement of nuclear explosives w i l l  

by t h a t  described i n  "Fb-oject Chariot, Technical Di rec tor f s  

Operation Plan, 28 October 1960, revised 1 February 1961.n In  

br ief ,  t h i s  plan contemplates one 200-kt nuclear explosive 

explaced 800 f e e t  b e l ~  the 'Land surface, and four 20-kt nuclear 

explosives each emplaced 400 f e e t  below the land surface. I n  

the array, the most remote two emplacements would be 2,400 f e e t  

apart. The f i ve  explosives would be detonated sinrultaneously. 

2, The rad ioac t iv i ty  of a l l  rented f i s s i o n  ppoducta w i l l  

be 1,500 megacuries (MC) one hour a f t e r  detonation. Included 

w i l l  be 3,000 cur ies  due t o  sr90, 3,000 cur ies  due t o  and 

2,2~0,000 cur ies  due t o  1131. [Owing t o  decay, these a c t i v i t i e s  

w i l l  diminish with time, of course. Table 1 indicates  the several 

r a t e s  of diminution. ] 



Table 1.- Decay af mixed fission products and 

certain radionuclides 

Time lapse 
since detonation 

1 hour 

1 dw 

5 days 

10 days 

15 days 

30 days 

45 days 

60 days 

90 dws 

6 months 

8 months 

9 months 

1 year 

2 years 

3 years 

5 years 

10 years 

25 years 

50 years 

-- - - - -. - - - 

r/ Relative activity 

Mixed fission 
products Sr 90 ,131 Cs 137 

I 1/ For mixed fission products Rt / R1 = t-lm2. Far sr90, and 1 
~s~~~ Rt / Ro = ( 1 / ~ ) ~  where flnn is the number of half lives; for these 

three radionuclides the respective h a l f  lives are taken as 28 years, 8.05 

days, and 30 years. . 



3. The expected reach and dis t r ibut ion of fission-product 

ac t iv i ty  w i l l  be as s h m  on Plate 2, based on the preceding 

assumption mi on winds experienced a t  Kotzebue, Alaska, on 

April 4, 1959. [Plate  2 flcontoursfT the activ5ty i n  megacuries 

per square s ta tu te  mile ;  the corresponding model by Lawrenae 

Radiation Laboratory scales  the a c t i v i t y  i n  megacuries per 

square nautical  mile. ] 

4. The f a l lou t  sector  uill l i e  between azimuths af 40' 

and no0,  clockwise from true north-that is, it w i l l  h m  m 

angular spread of 70". [Because the fa l lou t  pat tern on Plate  2 

has an angular spread of approximately 8s0, this assumption 

cannot be f u l f i l l e d  l i t e r a l l y .  I n  this appraisal, two f a l lou t  

patterns and two sectors are considered--(l) the pattern of 

P la te  2, oriented between azimuths af 40' and 12s0j and ( 2 )  a 

mirror image of the pat tern of Plate  2, rotated t o  or ient  

between azimuths 25' and 110'. Lindts of the twa sectors  are 

shown an Plate 1. Table 2 breaks down these two f a l lou t  patterns 

according t o  ac t iv i t i e s  i n  each af the stream basins outlined an 

on Plate 1.1 



5. Standards f o r  drinking water w i l l  be one-tenth of 

the T'maximum permissible  concentration^'^ of radionuclides, 

as  recommended i n  Handbook 69 of the  National Bureau of 

Standards, f o r  occupational exposure of 168 hours per  week. 

(see P* 54.) 

Further assumptions and ins t ruc t ions  were prescribed f o r  the second- 

stage appraisal ,  a s  follows: 

6. I n  the f a l l o u t  from Project  Chariot, f i s s ion  products 

will i n  large p a r t  be attached t o  disaggregated but chemically 

unaltered fragments of the mudstone, the Tiglukpuk formation, i n  

which the  "devicesTf w i l l  be detonated. [Theoretical consideration 

by Beetem and Bake 3 concludes t h a t  very l i t t l e  of the fragmented 

- - - - - - - - - 

Beetem, W. A . ,  and Baker, J. H., U. S. Geological Survey, 
writ ten communication, July 1961. 

mudstone w i l l  fuse and entrap f i s s i o n  products i n  a r e su l t i ng  

glass. Rather, t h a t  the f i s s i o n  products w i l l  a t tach t o  the 

mudstone fragments l a rge ly  by cation,exchange o r  by adsorption; 

also, t h a t  essen t ia l ly  a l l  f i s s i o n  products w i l l  be so attached. 

Since the  opportunities f o r  cat ion exchange and adsorption w i l l  

be about proportional t o  surface area of the mudstone fragments, 

it follows that ,  per u n i t  weight of fa l lou t ,  the  ac t i v i t y  of 

attached f i s s i o n  products w i l l  vary about inversely  t o  the mean 

diameter of fragments. I n  other words, the smaller f a l l o u t  

pa r t i c l e s  will be the  more radioactive.] 



7. Size d i s t r i bu t i on  af f a l l o u t  pa r t i u l e s  may be scaled 

from r e s u l t s  of the high-explosive t e s t  of November 1960, by 

a K. H. Larson and other . Specif ical ly ,  f o r  pa r t i c l e  s i z e s  

Larson, K .  H., University of California a t  Los 
Angeles, wri t ten  communication, May 1961. 

l e s s  than 2 milimeters (2,000 mic~ons) ,  the d i s t r ibu t ion  

found by the  t e s t  K i l l  apply approximately t o  Project  

Chariot, i f  distances from ground zero are increased by a 

f ac to r  of 10'. [Table 3 shows this estimated s ize  dis t r ibut ion.  

Table 4 shows the corresponding estimated d i s t r ibu t ion  of 

radioact iv i ty .  ] 

8, Solub i l i ty  of f i s s i o n  products i n  water w i l l  be 

taken as 10 percent f o r  products havlng masa numbers t ha t  

range from 88 t o  92 and from 131 t o  140; so lub i l i t y  w i l l  

be taken a s  1 percent fa r  a l l  other products. [EXaludJng 

those products whose abundance is  toe  small t o  be of 

consequence i n  t h i s  appraisal ,  the 10-percent s o l u b i l i t y  

I f a c t o r  applies chiefly t o  isotopes of strontium, yttrium, 

iodine, cesium, barium, and lanthanum. Preceding Table 2 

estimates the  soluble and insoluble f rac t ions  af f iss ion-  

product a c t i v i t y  i n  each of the stream basins outl ined on 

P la te  1.1 



Table3 .- Estimated s ize  dis t r ibut ion of f a l lou t  par t ic les ,  Project Chariot Y 
[Quant i t ies  in percent by weight] 

Downwind distance from 
ground zero, miles 10 25 50 75 100 125 150 

Part ic le  s ize ,  mm: 

1/ Adapted from resu l t s  of 2%-pound high-explosive t e s t  i n  November 
1960, a f t e r  K. H. Larson and F. J. Berta, May 19, 1961. It i s  assumed tha t  
a l l  par t ic les  larger  than 2 mm. f a l l  within l e s s  than 10 miles, and t h a t  all 
smaller than O . O ~  m. f a l l  more than 10  miles from ground zero. 

* Med.ian weight. 



Table 4 .- Estimated distribution of radioactivity according to size of fallout 
particles, Pro j ect Chariot _1/ 

[Quantities in percent of gross activity at given dovIlvind 
distances from ground zero,] 

Downwind distance from 
ground zero, miles 10 25 50 75 100 125 150 

Particle size, mm: 

2-00 - 1.00 8-2 3 . 8 1.2 02 0.1 o o 

1.00 - .5OO 11.3 8.2 4.4 1.8 7 9 3 .1 

,500 - 03.50 10.0 7 -0 4.7 2 -6 1-4  . - 8  5 

-350 - -297 8-0 6.5 3 9 3.2 2 -4 1.5 - 7 

Activity assumed proportional to surface area of particles, derived 
from size distribution in percent by weight. 

* Median activity. 



9. The appraisal  w i l l  derive probable ra ther  than 

maximum-credible concentrations of fission-product a c t i v i t y  

i n  the  streams and water-supply sources of the area, giving 

due consideration t o  the  f r ac t i on  of a c t i v i t y  t ha t  becomes 

fixed on vegetation o r  earth materials .  [The po ten t ia l  f o r  

f ixa t ion  by dynamic ion  exchange i s  covered on pages 34 t o  50. 

Concentrations a re  derived f o r  a l l  f i s s i o n  products and 

separately fo r  Sr  113' Y and C S ' ~ ~ . ]  

10. Detonation K i l l  be assumed t o  occur a t  various 

seasons, such t h a t  the several  consequent ay,praisa?.:. span 

the  na tura l  year ly  range of hydrologic conditions. [Separate 

appraisals  are developed subsequently for: (1) Detonation 

about i n  April, with f a l l ou t  on continuous snow cover 30 days 

p r io r  t o  breakup. ( 2 )  Detonation i n  ea r ly  June, a t  the  end 

of snowmelt runoff; in the 30 days following detonation, 0.5 

inch prec ip i ta t ion  with not more than 0.1 inch i n  any one 

storm. (3)  Detonation i n  ea r ly  August following two months 

of m i n i m u m  precipi ta t ion;  concurrent soil-water deficiency 

1 inch, p rec ip i ta t ion  2 - 5  inches i n  the next 30 days. 

(4) Detonation i n  l a t e  September, with f a l l o u t  on saturated 

tundra 1 0  days before freezeup; no prec ip i ta t ion  between 

detonation and freezeup.] 



SEiXCTED CHARACTERISTICS OF THE AFUU 

Certain environmental charac te r i s t i cs  of the area  bear d i r e c t l y  

on t h i s  appraisal. Brief summaries of these follow. 

Wind movement 

Pla te  2 includes "rosesn of downwind movement a t  the Chariot s i t e  

i n  the  spring and summer of 1960. The dominant movement there  shown, 

from the north and north-northeast, i s  charac te r i s t i c  throughout the 

year. Wind was i n  t h i s  sec tor  62 percent of the da i l y  observations i n  

the 13 months ending with September 1960, and 75 percent i n  December 1959 

( ~ l l e n ,  1960). I n  t h i s  sector,  observed maximum ve loc i t i es  were 48.5 

knots f o r  da i ly  averages and 73 knots f o r  gusts. Velocit ies exceeding 

20 knots are common. I n  other  sectors, ve loc i t i es  exceeding 20 knots 

a re  uncommon. 

Allen points out t ha t  t h i s  wOgot~ruk Kindw out of the north and 

north-northeast i s  pecul iar  t o  the near v i c i n i t y  of the Chariot s i t e .  

Elements of h i s  explanation are  as  follows: (1) High barometric 

pressure i s  dominant over the Arctic i c e  pack t o  the north, especially 

i n  winter. (2)  Most low-pressure centers pass t o  the south; consequently, 

a i r  movement ordinar i ly  would s p i r a l  toward these centers. ( 3 )  A 

pronounced temperature "inversionw ex is t s  i n  the Arctic most of the year 

and loca l ly  prevents a i r  movement over major topographic bar r ie r s  such 

a s  the Brooks Range. (4) Low-level a i r  movement i s  deflected westward 

by the Brooks Range and channeled southward through the lowland of the 

central-Kukpuk and Ogotoruk valleys, a t  subs tan t ia l ly  increased veloci t ies .  



The l o c a l  b e l t  of llOgotoruk windt1 i s  about 25 miles wide a t  the 

coast, from Cape Thompson on the northwest t o  Cape Seppings on the 

southeast (see Plate 1 ) .  South of Cape Seppings, the prevai l ing wind 

i s  about out of the northwest, and commonly of l e s s  velocity. 

Information i s  not  a t  hand f o r  a summary of high-level wind 

movement, o r  of low-level movements over the  outlying pa r t s  of the 

area shown on P la te  1. 

A i r  temperature and permafrost 

Mean max-imum a i r  temperature i s  below freezing about from October 

through May. The zone of thawing i n  s m e r  is  thin--extensively no more 

than 3 f e e t  th ick and generally l e s s  than 10  f e e t  thick over most of the 

land area. Beneath t h i s  zone, permafrost generally extends t o  several 

hundred f e e t  below the land surface. On the Chukchi Sea, shore i c e  and 

pack ice  form extensively each winter. 

Precipi ta t ion 

A s  interpolated by the U. S. Weather Bureau, year ly  precipi ta t ion 

a t  the  Chariot s i t e  averages about 8 inches and may be expected t o  range 

between 6 and 13 inches--that is, between 75 and 160 percent of average. 

Precipi ta t ion measured a t  the Chariot s i t e  i n  the water year 1959-60 was 

near the interpolated average. 

About 60 percent of the yearly prec ip i ta t ion  a t  the s i t e ,  or  roughly 

5 inches on the average, f a l l s  as  r a in  from June through September. 

Kachadoorian and others famil iar  Kith the area report  t h a t  t h i s  summer 

ra in fa l l  i s  suf f ic ien t  t h a t  much of the extensive tundra ordinar i ly  i s  

saturated a t  the time of freezeup. 



About from October through May prec ip i ta t ion  i s  i n  the  farm of 

snow, with a water content equivalent t o  about 40 percent of the 

year ly  t o t a l ,  o r  sanewhat more than 3 inches on the average. A t  

the Chariot s i t e  i n  1959-6G, the water content of measured snowfall 

was l e s s  than t h i s  average, 

Owing t o  pe r s i s t en t  s t rong Kinds, which havn been described, 

snow commonly i s  blown extraordinary distances and i t s  or ig ina l  

"flakes" o r  c ry s t a l s  are  abraded t o  granules. Newly Kind-packed snow 

commonly i s  suf f fc len t iy  dense t o  bear the weight of a man o r  a dog 

sled. I n  the  l e e  of low ridges t h a t  l i e  athwart the prevai l ing wind, 

Kachadoorian has observed snowdrifts as much as  30 f e e t  thick,  packed 

t o  a density of 1 inch water equivalent i n  3% t o  4 inches of the snow. 

Considerable s i l t  may be incorporated i n  the wind-transported snowj 

estimates of s i l t  content range up t o  1 9  percent, by weight. 

The shor t  climatologic record a t  the  Chariot s i t e ,  beginning i n  

l a t e  August 1960, suggests t h a t  monthly precipitat.ion, a l so  the  

frequency and magnitude of storms, are about the same as  a t  Kotmebue, 

120 miles t o  the  southeast. Tables f ;  and 6 summarize the 20-year 

record a t  Kotzebue. It i s  assumed t h a t  the data of these two t ab l e s  

apply t o  a l l  the area of concern i n  t h i s  appraisal .  



I Table 5. - Minimum, average, and , rnaxhum monthly 

prec ip i ta t ion  a t  Kotzebue, Alaska, 1940-1960 

[ Quantities i n  inches] 

M i n i m u m  Average Maximum 

January 0.01 0.30 0.68 

February . 01 . 33 1.13 

March . 00 32 1.23 

April . 00 29 1.34 

May 

June 

July 

August 1.29 2.59 5.18 

September 

October 

November 05 040 98 I 
Deeember . 01 0 31 76 

Based on records published by the U. S. Weather Bureau. 



Table 6 .- Number of storms of various magnitudes a t  
1 / 

at Kotzebue, Alaska, over a 20-year term f /  

Based on records published by the U. S. Weather Bureau, 1940-1960. Here, each nstorm" 
encampasses consecutive d q  having measurable precipitation3 each is  texminated by one or more 
calendar days without measurable precipitation. 

Month 

Jarruar~ 
February 

March 

April 

rn 
June 

July 

August 

September 

October 

November 

December 

Magnitude of storm, in inches precipitated 

4 .OS 

32 

24 

28 

26 

26 

24 

12 

26 

18 

28 

34 
40 

.OS-o09 

18 

16 

20 

8 
22 

16 

16 

6 
16 
18 

22 

4 

025-049 

3 
1 

1 

5 
5 
10 

19 

15 

14 
7 
8 

5 

oU)-.24 

16 

26 

18 

12 

fi 
20 

16 

20 

20 

4 
20 

16 

> 1.50 

4 
6 
2 

050-074 
1 

1 

1 

1 

1 

2 

12 

ll 

10 

5 
0 

1 

075-099 

1 

o 
0 

1 

4 
10 

5 
3 

1.00-1.24 

2 

5 
2 

1.25-1050 

1 

4 
2 

1 



Streamflow 

Concerning the f low of streams in the area  of Plate 1, specif ic  

information i s  available only f o r  Ogotoruk Creek (near whose mouth 

the Chariot s i t e  i s  located). A gaging s t a t i o n  was es tabl ished on 

t h i s  stream i n  August 1958, 1.2 miles upstream from the mouth, 

Table 7 summarizes the  available records of measured flow. 

Table 7.- Monthly discharge of Ogotoruk Creek, 1959-1960 

Acre-f e e t  Inches on drainage area 

my 1,000 + 1,580 0.48 0. 75 

June 12,660 , 3,260 6.03 1-55 

July 7,080 946 3.38 o hS 

Aug. 1,580 3 ,  020 0 75 1.43 

~ e p t .  787 ,448 -38 . 22 

Oct. 1,110 . . .  53 w . .  

The period 24,200 9,270 11.52 4-4l  

Bath i n  Ogotoruk Creek and i n  o ther  streams of the area covered by 

Plate 1, two periods of pr incipal  f l o w  are charac te r i s t i c .  The ea r l i e r ,  I 
usual ly  i n  June, i s  generated by melt ing snow; it may be the  longer in 

duration but i t s  peak flows the smaller, The l a t e r  period, about i n  

August, is generated by r a i n  storms; commonly it encompasses several  

shor t  i n t e r v a l s  of peak f lm and. i ts major peak i s  the extreme af the year, 



I n  winter, streamflow generally i s  s m a l l  o r  zero. I n  Ogotamk 

Creek i n  1959, Waller of the Geological Survey obsemed a small flaw 
I 

i n  mid-November, beneath i c e  cover. He reasoned, however, t h a t  f lm 

probably ceased and the stream froze t o  the bottom about mid-December. 

I In  t h a t  year, snow cover was t h in  so t h a t  f reezing may have penetrated 

t o  greater than usual d.epth below the land surface, and e a r l i e r  i n  the 

season. It i s  conceivable, therefore, that in some years a small flm 

continues long into ,  o r  even throughout the winter. Prolonged winter 

flow i s  more l i k e l y  along the main stems of the l a r g e r  streams, such 

a s  the  Kukpuk River. 

Evapotranspiration and s o i l  water 

Figure 1 shows the approximate runoff-depletion charac te r i s t i c  of 

the Ogotoruk Creek basin--that is, the  r a t e  a t  which runoff would diminish 

were there no interim addition of water t o  the basin by snomel t  o r  by 

precipi ta t ion.  Fhm th i s ,  and from the available records of runoff and 

of p rec ip i ta t ion  it i s  concluded tha t ,  i n  the Ogotoruk Creek basin: 

(1)  A t  the end of snowmelt, a l l  the tundra ord inar i ly  is saturated. 

(2)  During the season of principal  vegetal growth, about June through 

August and possibly i n t o  September, l o s s  of water owing t o  evaporation 

and t ranspira t ion i s  about 0.8 inch per month o r  3.25 inches i n  the 

season. During the remainder of the year  the addit ional l o s s  i s  about 

0.75 inch. (3 )  Also during the season of vegetal  growth, s o i l  water 

i s  depleted f a i r l y  continually by evaporation and t ranspira t ion but i s  

replenished in te rmi t ten t ly  by rain.  Soil-water deficiency i s  zero a t  the 

end of snowmelt and reaches a maximum about i n  August or  September. In 

1960, a dry year, the maximum soil-water deficiency was about 1.2 inches. 



Figure 1.- Approximate runoff-depletion charac te r i s t i c  of the  
Ogotoruk Creek basin 
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(4) Owing to the relatively heavy precipitation in August and September 

(see Table 5 ) ,  all the tundra ordinarily is re-saturated prior to 

freezeup--that is, about by the end of' September. It is pastulated that 

these characteristics of the Ogotoruk Creek basin apply to all the area 

of concern in this appraisal. 

At the end of snowmelt and just prior to freezeup, the saturated 

tundra holds an appreciable amount of water trapped in minute pools, or 

"micro-ponds," on the uneven land surface, In a sense this is akin to 

soil water in that it is depleted by evaporation and transpiration and 

is replenished intermittently by rainfall. From reconnaissance 

observation, the writer estimates the aggregate volume of such water to 

be equivalent to a depth of about 0.3 inch over the area. Whatever its 

amount, this water is included in foregoing estimates of seasonal and 

yearly loss by evaporation and transpiration. 



Ground -water movement 

Over subs tan t ia l ly  a l l  the area here of concern, shallow ground- 

water movement can occur only in termit tent ly ,  i n  the  r e l a t i v e l y  t h in  

zone of annual thawing, between the land surface and the aone of 

permafrost (see p. a). A s  has been described by Waller, permeable 

deposits  beneath flood p l a in s  and stream beds probably afford the 

p r inc ipa l  paths of such movement. Recharge of these deposits 

presumably i s  by i n f i l t r a t i o n  from the streams during i n t e rva l s  of 

high flow. Discharge from these deposi ts  presumably maintains the 

base flow of streams during the summer, and the small flow t h a t  may 

p e r s i s t  a f t e r  freezeup, beneath i c e  cover. 

A few perennial springs e x i s t  within t he  reach of F la te  1; these 

imply r e l a t i ve ly  deep ground-water movement. Principal  among them is  

Covroeruk Spring near Cape Seppings, 27 miles southeast of the Chariot 

s i t e .  Its discharge i s  reported t o  range substantially--30 cfs (cubic 

f e e t  pe r  second) on August 15, 19593 22.7 c f s  on September 9 ,  1959; 

6.17 cf s i n  ear ly  April  1960; and 12.3 cf  s on August 6, 1960. A s  

estimated by the wr i te r  from a i r  reconnaissance i n  July 1961, the ' 

or i f i c e  i s  several  t ens  of f e e t  above the l e v e l  of the Chukchi Sea, 

and i s  a t  the  base of an extensive outcrop of limestone. 



For this spr ing i n  par t icu la r ,  the spec i f ic  area of recharge and 

the route of water movement t o  the  o r i f i ce  are l a rge ly  speculative, 

even though these features  bear  on the po ten t ia l  f o r  introduction of 

radionuclides i n t o  the spring water by Project  Chariot, Relevant 

evidence, which i s  summarized below, i s  conflict ing.  (1) A t  l e a s t  in 

p a r t  on the basis  of the chemical character of the water, Waller 

postulates deep movement fram a remote area of recharge, i n  bedrock 

and through o r  under the zone of permafrost. However, the chemical 

make-up of the water from Covroeruk Spring can be duplicated 

approximately by a mixture of l oca l  surface water Kith Chukchi Sea 

water. (2 )  The r e l a t i ve ly  la rge  reported discharge, as much a s  30 cfs,  

ind ica tes  an aquifer  having greater than ordinary t r a n m i s s i b i l i t y .  The 

requis i te  t ransmiss ibi l i ty  could be afforded by a wcavernousff zone i n  

the limestone t h a t  crops out near the or i f i ce .  However, if such a zone 

e x i s t s  and extends t o  a remote area of discharge, the volume of water 

i n  ground storage d d  be so large t h a t  the spr ing discharge should be 

more nearly uniform. Based on the four  values c i ted above, maximum 

discharge i s  a t  l e a s t  five-fold greater  than minimum discharge. 

(3) W s  va r i ab i l i t y  i n  discharge implies a l oca l  r a the r  than a remote 

source. This would not be precluded by the  existence of permafrost i n  

the v ic in i ty ,  Thus, h m v e r  i t  may have been established, ~n aquifer 

having the requis i te  t ransmiss ibi l i ty  and a m a l l  o r  moderate cross- 

sect ional  area would have a heat  budget such tha t  probably it would 

remain unfrozen. 



Based on s imilar i ty  i n  ch~mica l  make-up of the waters, Wa2.e~ 

and Lamar have implied tha t  Nusoaruk Creek, 3 miles northwest af the 

s i te ,  i s  fed  by springs analogous t o  Covroeruk Spring. As observed by 

the writer i n  mid-July 1961, the discharge of Nusoaruk Creek was a few 

tens of gallons a minute a t  a point abaut 200 yards upstream from the 

shore of the Chukchi Sea. This discharge evidently was the aggregate 

of numerous t r i ck le s  issuing from lfnestone t a lus  within a reach of 

about one-fourth mile along the creek, terminating no more than half 

a mile from the shore of the Chukchi Sea. No major o r i f i ce  such as  

that of Covroeruk Spring was evident. 

Elsewhere within the reach of Plate  1, only one other perennial- 

spring area i s  reported--in the Igichuk H i l l s  t h a t  l i e  athwart the 

Noatak River valley near i t s  mouth, abw-i, 103 miles  southeast of t h e  

Chariot s i t e  ( ~ a l l e r ,  1960). The water has a %oticeable sulfur 0dor.W 

Sediment movement 

As Table 2 has shown, most of the f a l lou t  from Project Chariot 

i s  expected t o  be insoluble. It would ex i s t  on the land surface as  

par t iculate  matter subject t o  overland transport  by f loving water i n  

competition with natural  earth particles.  

Potent ia l  mobility of fa l lou t  and earth pa r t i c l e s  depends on range 

i n  par t ic le  s ize  and on land-surface and stream gradients. Plate 3 

shows representative stream gradients of the area. A mugh measure of 

potent ia l  mobility i s  afforded a l so  by the particle-size dis t r ibut ion 

of materials handled by the streams as  suspended sediment and as  bedload. 



Table 8, samples 1 t o  4 and 6 t o  8, shows par t i c le - s i se  

d i s t r ibu t ion  of gravel-bar deposits  along a SO-mile reach of the 

Ipewik River, Presumably these deposits  are of mater ia l  t h a t  was 

derived or ig ina l ly  from land surfaces, and t h a t  now moves l a rge ly  

as  bedload during the  in te rmi t ten t  periods of high s t r e d l o w .  A s  

shown by the seven samples, median pa r t i c l e  s i z e  var ies  from place 

t o  place over the streambed, and ranges about from 20 millimeters 

(pebble gravel)  t o  0.125 mill imeter ( f ine  sand). However, no 

progressive change i n  median s i ze  i s  evident within t h e  50-mile 

reach. 

A s  observed by the writer ,  stream-bed mater ia ls  i n  the lower 

5-mile reach 6f Ogotomk Creek are poorly sorted sand, grit, and 

pebble-to-cobble gravel. The common maximum p a r t i c l e  s ize  i s  about 

100 mill imeters (4 inches).  Most of the l a r g e r  pa r t i c l e s  are tabular  

and ill-rounded. ' On the  r i f f l e s ,  l i t t l e  sand i s  evident end the f i n e r  

pa r t i c l e s  commonly are  granules o r  small pebbles, 5 t o  10  mill imeters 

i n  size,  H t h i n  the 5-gfle reach, no progressive change i n  median 

pa r t i c l e  s i z e  was evident t o  the  eye. I n  general,  bed mater ia ls  of 

Ogotaruk Creek appear t o  have about the  same s i ze  d i s t r i bu t i on  a s  

those of the  Ipewik River, even though the creek gradiant i s  subs tan t ia l ly  

the steeper. 



Table 8, notes.- Continued 

9. Ogotoruk Creek, suspended sediment a t  gaging station abmt 
1 mile nearly north of Chariot s i t e .  

9.1 Depth-integrated sample on r i s i n g  stage, 
concentration 448 ppm (par ts  per  million), 
4:00 p.m. August 10, 1958. 

9.2 Dipped sawple on f a l l i n g  stage, probably 
exaggerates the amount of f i n e r  p a r t i c l e s  
in the f u l l  cross-section, concentration 
1,530 ppm, 5:10 p.m. August 11, 1958. 

9.3 Dipped sample on f a l l i n g  stage,  probably 
exaggerates f iner  pa r t i c l e s ,  concentration 
428 ppm, 10: 00 a,m. August 12, 1958. 

10. Flood plain of Ogotoruk Creek, high-water stream deposit, 
about l /4  mile north of camp a t  Chariot s i t e .  Sampled 
by the  writer ,  July 9, 1961. 



The suspended-sediment load of Ogotoruk Creek has been determined 

by Porterfield of the Geological Survey in July-August 1958 and July- 

August 1959 (see Table 8, samples 9.1 to 9.3). Maximum determined 

I concentration uas 1,530 ppm (parts per million) on August U, 1m I 

during rain-generated high flow. Seventeen hours later, on Augmt 12, ~ 
the concentration had diminished to 428 pp, Size of median particle 

was 0.125 mm (millimeter) on August 11, and 0,031 rma on August 12, 

Haximum concentration determined in 1959 was 142 ppm on July 93 concurrent 

streamflow was 700 cfs (cubic feet per second). Generally, the sediment 

concentration diminished to 10 ppm within five days follbtring a rain- 

genepated peak flow. Presumably other streams of the area behave 

similarly during the summer--that is, suspended-sediment loads generally 

are nominal, except during periods of ndirectll runoff from rain. 

Table 8, sample 10, is inferred by the writer to represent the 

coarser fraction of sediment in suspension during rain-generated flash 

runoff of Ogotoruk Creek in late June 1961. Size distribution is 

compatible with this interpretation and w i t h  the sise distribution of 

suspended sediment determined by Porterfield in 1958. 

Sedbent loads of the melt-water runoff in June-July have not been 

I determined. Presumably they are at least moderately large and relatively 

prolonged.. 



Under basic assumptions of t h i s  appraisal--as shown by Table 2 
percent 

and p la tes  1 and 2--about 20/of the fission-product a c t i v i t y  vented 

by Project  Chariot would fall on land more than 10  miles from the 

center of detonation. Substantial ly a l l  t h i s  ac t i v i t y  i s  expected 

t o  be on f a l l o u t  p a r t i c l e s  smaller than 2 m i n  s ize  (see Table 3)- 

i n  other words, on p a r t i c l e s  t h a t  would be moved readi ly  over the land 

surface by flowing water and that ,  once i n  a trunk stream, would move 

a s  suspended sediment during periods of high water. Similarly, about 

25 percent of the vented ac t i v i t y  would f a l l  on land between 10  miles 

and 5 miles from the cen te r  of detonation. Ekpected p a r t i c l e  s izes  are 

such tha t  much of t h i s  f rac t ion  of the ac t i v i t y  would move overland 

l e s s  readily,  and i n  a trunk stream, would move only as  bedload. 

Fallout and throwout p a r t i c l e s  so l a rge  as  t o  be essen t ia l ly  

immobile--both--by overland t ransport  and a s  bedload i n  trunk streams- 

are  expected only within 5 miles of the center of detonation, and la rge ly  

within half  t h a t  distance o r  l ess .  I n  other words, immobile pa r t i c l e s  

a re  expected over only about a th i rd  af the  Ogatoruk Creek basin and 

small adjacent areas. 

Land.-surface types 

Table 9 c l a s s i f i e s  the v i c i n i t y  of the Chariot s i t e  by major land- 

surface types: rock outcrops, rubble ( t a lu s  and c o l l u ~ u n ~ ) ,  tundra 

vegetation, bare s o i l ,  and longshore lagoons. The c l a s s i f i ca t i on  was 

made on ve r t i ca l  a e r i a l  photographs by Bachadoorian of the Geological 

Survey and, f o r  planimetry of the respective areas, was transferred t o  

topographic maps a t  scales of 1:48,000 and 1:50,000. [ ~ o s t  of these maps 

a r e  i n  process of publication; manuscript copies were made available f o r  

the  c lass i f icat ion,  chief ly  by the Army Map Service.] Brief descriptions 

of the types follow. 



Rack outcrops.- Bedrock crops out i n  sea c l i f f s ,  high an the  r idges  

1 where comonly it is moderately extensive, and i n  scat tered stream cuts, 

Principal types are mudstone, s i l t s t one ,  sandstone, shale, limestone, and 

conglomerate. EKcept i n  sea c l i f f s ,  stream cuts ,  and the  more rugged 

1 .  - 
pa r t s  of the  area, outcrops ccmrmonly are shattered from f r o s t  action and 

mantled by a few inches of rubble. 

Rubble ( t a l u s  and colluvium).- Talus i s  not extensive i n  the  area, 

occurs only l oca l ly  on steep slopes, and i n  the Ogotoruk Creek va l ley  

I occurs usually below outcrops af limestone. It comprises angular blocks 

I of the  parent rock as  much a s  5 f e e t  i n  maxi_rrIum dimension, but generally 

I from 2 f e e t  t o  6 inches. Locally, t a l u s  i s  intermingled with the  coarser 

colluvium and may have a matrix of g r i t ,  sand, and s i l t .  Among most 

t a l u s  deposits, thickness i s  estimated not  t o  exceed 1 0  feet ,  porosity 

and i n f i l t r a t i o n  capacity are  large,  and drainage i s  doubtless rapid 

I and nearly complete, It i s  inferred t ha t  i n  t a lu s  the top of the permafrost I 

I 

I zone commonly i s  deeper than i n  other  p a r t s  of the area. 

I Land areas here c lass i f ied  as  colluvium are  those t h a t  occur on I 
I slopes of intermediate steepness and t h a t  are essen t ia l ly  devoid of 

vegetation, I n  such areas the colluvium generally i s  a wind-winnowed 

assenblage of sand, g r i t ,  and rock chips i n  a l l  s izes  up t o  about 4 inches 

i n  maxirmun dimension. Locally it grades i n to  t a l u s  and may include 

boulders as  much as  2 f e e t  across, I n  such areas, also,  the colluvium 

I is  generally no more than a few f e e t  thick, has small to moderate I 
porosity and i n f i l t r a t i o n  capacity, and drains  more slowly and l e s s  

completely than the  talus.  Being thin, it may thaw t o  i t s  bottom 

each summer. 



A s  a land-forming material  ra ther  than a land-surface type, 

coUuvium i s  much more extensive than indicated by Table 8; t h i s  

i s  develuped below. 

Tundra vegetation and bare soil.- Among the several basins 

discriminated i n  Table 9 and on Plate 1, vegetation mantles f m  

2 1 t o  78 percent of the land surface. A t  one extreme it  consti tutes 

lush, wet meadow of grass, mall sedge, and mass, Such areas are of 

law surface gradient rand poorly drained. Here the vegetation canopy 

i s  dense and, excepting a few scattered ponds, covers e s s e n t i a l u  

100 percent of the surface. A t  the other extrene, the vegetal  cover 

i s  sparse and occupies a l l  but the steepest and d r i e s t  slopes. Here 

the dominant vegetal type i s  tussock grass; numerous other genera and 

species are interspersed. Over most of the area, height of the 

vegetation generally i s  no more than 12 inches. Coverage ranges frm 

dense t o  sparse, about from 90 t o  35 percent of the land, from one 

place t o  another. 

In the Ogotoruk Creek basin and cer ta in  of the coastal  valleys 

t o  the south there are scattered stands of willow along stream banks3 

loc&l ly  this grrvth i s  dimiqutive, I n  the extreme southeast p a r t  af 

the area shown on Plate 1, the Noatak River lowland has local  stands 

of spruce. 

The bare-soil type comprises llfrost boi ls"  and n f r o s t  scars1' 

interspersed with the tundra vegetation. The component material i s  

sandy t o  pebbly, and i s  i n  pa r t  residual from loca l  rocks and in p a r t  

wind-borne from dis tan t  sources. Commonly the exposed surface has been 

wind-winnowed t o  a residuum of g r i t  and small pebbles. 



Together, the vegetated and bare-soil areas  are coextensive Kith 

a mantle of unconsolidated materials, col luvial  i n  origin, which on the  ~ 
higher and steeper slopes fea thers  out o r  grades i n to  the  non-vegetated 

colluvium described prevlmsly.  According t o  Kachadoorian, t h i s  mantle 

commonly is no more than about 15 f e e t  th ick but local ly ,  several  miles 

ea s t  of Ogotoruk Creek, i s  as much as  60 f e e t  thick, I n  the mantle, the 

tone of y e a r l y  thawing generally reaches no more than 3 f e e t  below the 

land surface; much of the mantle extends i n t o  the zone of permafrost. 

I-@drolbgic charac te r i s t i cs  of this mantle, and i n  pa r t i cu l a r  of 

i t s  zone of year ly  thawing, would influence strongly the dispersal  of 

f i s s i o n  products from Project  Chariot. In gross scale,  most of its 

exposed surface slopes substant ia l ly;  ordinar i ly  it would be considered 

well  drained. I n  small t o  minute scale,  however, much of t h a t  surface 

i s  hummocky, lacks  a network of in tegra ted  rill marks, and does not 

d ra in  completely. For example, the Ogotoruk Creek basin i s  classed i n  

Table 9 as  having "fairM drainage. Yet it has been estimated (p. 20) 

t h a t  water t o  an average depth of about 0,3 inch i s  detained in te rmi t ten t ly  

on the surface of t h a t  basin, Only a minor f rac t ion  of the detained water 

i s  accounted f o r  i n  the few p e ~ e n n i a l  ponds. I n  other basins, however, 

especial ly  i n  the  northern and eastern pa r t s  of the area shuwn on Plate 1, 

networks of integrated rill marks are  l oca l ly  conspicuous and moderately 

extensive. Bg inference, drainage i s  there essen t ia l ly  complete. 



Water can i n f i l t r a t e  the  mantle only as  s o i l  water is  depleted 

by the  t ranspira t ion of plants  during the  summer. I n  other seasons 

the mantle generally i s  saturated o r  frosen, and i n f i l t r a t i o n s  is 

essen t ia l ly  zero. For the Ogotoruk Creek basin, it has been concluded 

(p. 19)  t ha t  the soil-water defici t-- that  is, the potent ia l  f o r  

infi l trat ion--reaches a maximum of about 1.2 inches l a t e  in a d.r*9 I 
summer. For other basins of the area, no basis  ex i s t s  f o r  estimating 

po ten t ia l  i n f i l t r a t i o n ;  it i s  postulated t o  be the  same as in the 

Ogotoruk Creek basin. 

Finally, over much of if not a l l  the area, water does not percolate 

through the mantle to  substant ia l  depth below the land surface. Deep 

percolation i s  precluded by the r e l a t i ve ly  shallow permafrost. 

Lagoons.- Lagoons, both la rge  and small, generally shallow, are 

numerous along the coast  southeastward from Point Hope (see Plate  1 ) .  

Certain of the smaller lagoons are closed by permanent b a r r i e r  beaches. 

Those fed by the l a rge r  streams, however, commonly are  closed only 

intermit tent ly ,  whenever the surf generated by an on-shore wind builds 

ephemeral ba r r i e r  beaches across t h e i r  out le ts .  Although these ephemeral 

bar r ie r s  a re  breached during periods of calm, the lagoons generally do 

not drain completely. In  respect t o  dispersal  of f i s s ion  products from 

Project Chariot, the lagoons are approximate counterparts of the inland 

ponds described on pages 70-72. 



Poten t i a l s  f o r  adsorption 

General aspects.- A f r a c t i o n  of the  f i s s i o n  products vented. by 

Pro jec t  Chariot w i l l  be soluble i n  water; spec i f i c s  have been given 

on page 9 and i n  Table 2. I n  turn,  a  f r a c t i o n  of the  dissolved 

nuclides w i l l  become a t tached t o  e a r t h  mater ia ls  o r  vegetation--by 

adsorption onto the  s o l i d  phase o r  exchange of ions  between l iqu id  

and s o l i d  phase. The f r a c t i o n  s o  attached i s  determined by dynamic 

ion ic  equil ibrium among (1 )  the  p a r t i c u l a r  nuclide i n  solut ion,  

( 2 )  the  amount and kind of o ther  so lu tes  i n  solut ion,  and (3 )  the  

p a r t i c u l a r  solid-phase material .  Higgin d has  s t a ted  the  bas ic  

- - -- 

2/ Higgins, G. H., 1959, Evaluation of the ground-water 
contamination hazard from underground nuclear explosions: Universi ty 
of California,  Laurence Radiation Laboratory, Plowshare Ser ies ,  
P a r t  IV ,  UCRL 5678, p. 27. 

equation f o r  such equil ibrium i n  a form analogous to: 

i n  which : Kd i s  a "d i s t r ibu t ion  coef f i c ien t "  character iz ing 
the  p a r t i c u l a r  nuclide i n  solut ion;  

A and A are  the  r a d i o a c t i v i t i e s  of the  p a r t i c u l a r  so l id  
s and l i q u i d  phases, respect ively ,  a t  

equilibrium; 

M,- and M a re  the  masses of t h e  l iqu id  and so l id  phases, 
respectively,  t h a t  r e a c t  one with the o ther .  

Obviously, the  preceding equation describes any one of an i n f i n i t e  

number of adsorption environments. For a p a r t i c u l a r  nuclide paired. with 

a p a r t i c u l a r  solid-phase mater ia l ,  the r a t i o  As / % approaches the  

ffnormallf value of Kd only as  t h e  r a t i o  Y / MS approaches unity.  



Higgins points out also that in general K values (1) diminish 
d 

logarithmically as other solutes in the water increase, but (2) in 

ionized solutions do not vary greatly between pH concentrations of 

2 and about 9. It is not known to the writer whether K values d 

range appreciably w i t h  differences in temperature. 

For common pairs of nuclide and earth material, f7norma111 values 

of Kd range generally from 1 or less to at least 100,000. In other 

words, the radioactivity adsorbed by the solid phase generally ranges 

from at least one-half to nearly all the radioactivity of the 

environment. Figure 2 shows the distribution of radioactivity between 

solid and liquid phases for values of Kd ranging between 0.01 and 100, 

assuming the ratio M1 / Ms to be unity. 



Distribution coefficient, Kd 

Figure 2.-  Distribution of soluble nuclides between liquid and solid 
phraea in an adsorption ewirolatdnt 



In f i e l d  s i t ua t i ons  it i s  d i f f i c u l t  t o  evaluate the r a t i o  

M1 / Ms, which i s  a r a t i o  of the masses reac t ing  one with the 

other. O f  i t s e l f ,  the  react ion i s  e s sen t i a l l y  between i o n s  i n  

solut ion and exchangeable ions exposed on the  surfaces of solid-  

phase pa r t i c l e s .  Hence, i t  can be presumed t h a t  a l l  of a solid-  

phase ea r t h  material  can react  only if t h a t  mater ia l  i s  f i n e l y  

comminuted. Also, assuming an ea r t h  mater ia l  of density 2.7, so 

comminuted i n t o  spher ica l  pa r t i c l e s ,  a )1 / MS r a t i o  of un i t y  wduld 

require i n t e r s t i t i a l  space of 73 percent. Thus, f o r  a nuclide- 

bearing gmund water i n  an a p i f e r  of medium porosity,  say 13: to 20 

percent, the r a t i o  would be about 0.25; radioactive nuclides adsorbed 

on the  aquFfer mater ia ls  would be somewhat greater  than "normel." 

I n  the  cases of nuclide-bearing sediment suspended i n  a stream, and 

of nuclide-bearing water flowing over massive rock o r  coarse gravel, 

the r a t i o  would be g r ea t e r  than unity, possibly  by several  orders of 

magnitude. I n  these cases rad ioac t iv i ty  on the  sol id  phase a t  

equilibrium would be subs tan t ia l ly  less than "normal.lt A l l  these 

extreme cases would be represented i n  adsorption react ions  associated 

with Project  Chariot. 



Distribution coefficients for typical materials and particular 

nuclides.- As a basis for estimating potential adsorption under Project 

Chariot, distribution coefficients have been determined in the laboratory 

for (1) a suite of 18 samples representing the vegetation, soil, and 

rocks near t h e  Chariot site paired w i t h  (2) nine solutions simulating 

the chemical composition of stream and pond waters of the ares, to 

which solutions had been added carrier-free Sr 137 , I ~ ~ ~ ,  and Cs . 
4/ Laboratory procedures are outlined by Baker and Beetem- . Table 10 

4/ Baker, J. H., and Beetem, W. A., September 1:-61, Distribution 
coefficients for adsorption of carrier-free cesium, strontium, and iodine 
by samples from the vicinity of Cape Thompson, northwestern Alaska: 
U. S. Geological Survey, Technical Letter Chariot-1, duplicated, 19 p. 

identifies the surface materials sampled near the site. Tables 11 and 12 

show, respectively, the composition of (1) stream and pond waters of the 

area and (2) the solutions simulating those natural waters. Tables 13-15 

list the distribution coefficients determined after 1-day and 6-day 

equilibration w i t h  the several isotopes. 



Table 10.- Materials  from v i c i n i t y  of Chariot s i t e ,  equil ibrated with I 
solutions containing S r  85, 1131, cs 137L per  Tables 12  to I&. I 

[Samples collected by R. Kachadoorian and A. M. Piper, July 19611 I 

A K ~  1 I Limestone fragments . .I I 

Field 
Number 

ad 2 1 Limestone t a l u s  . . .  I I 

Moisture 
Description content lJ Location 

AKd 3 Residual s o i l  from 
lime stone. 2 2 a 2  I 

M d  4 Live moss on limestone Crest of Point Crowbill, 
colluvium. 1.5 miles WNW of  s i t e .  

AKd 5 Dead moss on limestone 
colluvium. 

AKd 6 

AKd 7 

AKd 10  I So i l  from f r o s t  b o i l  37-5 J 

Mixed vegetation, l i v e  
and dead, on limestone 
colluvium. 

Live moss from tundra . . .I 
AKd 8 

AKd 9 

Tussock grass, crown and 
roots,  from tundra. Slope southeast of West 

Windblown s i l t  (deposited 49. 8 Pond, 6.5 miles 
from melted snow?). north of s i t e .  

AKd 11 Organic bottom sludge 83.2 West Pond (no. 6)  
from perennial pond. 

AKd 1 1 2  Mudstone fragments, f resh ,  . . . 2,200 f e e t  near ly  ea s t  
T i  glukpuk format ion. of s i te .  

7 

AKd 113 

AKd 114 

AKd U7 1 Do. 21.1 1 

S o i l  from f r o s t  b o i l  

Do. 11.0 

AKd l l 5  
AKd 116 

Do. Vicini ty  of t e s t  hole nDog,w 

Do. 23.5 which i s  2,150 f e e t  ENE 
of s i t e .  

Grams per 100 grams, as received i n  laboratory. Determinations 
by J. H. Baker and W. A. Beetem, U. S. Geological Survey, August 1961. 

AKd 118 Windblown s i l t  from 43.7 J 
f r o s t  boi l .  



Table ll.- Composition of stream and pond waters, i n  equivalents per  million, from v i c in i t y  of the  Chariot site 

[Analyses by U. S. Geological Survey] 

Number on Date Ca+Mg Na+K Total Ca+Mg HCO 
Source sampled 3 

pH 
Pla t e  4 cations Na+K 

Ipewik River, East 
Branch. 

Ipewik River 
Kukpuk River 
Kukpuk River 

Agahyoukuk Creek 
West Pond (No. 6) 
East Pond (GE No. 1) 
Ogotoruk Creek 

Kisimulowk Creek 
Kivalina River 
Wulik River 
Noatak River 

Extremes 



Table 11. - Continued. 

Notes.- 1. About 51 miles ENE of Point Hope and 39 miles NE of - 
Chariot s i t e .  

2. One-fourth mile upstream f r o m  confluence with Kukpuk 
River, 17 miles north of s i te .  

3. About miles NE of s i t e .  

4. About 16 miles ENE of Point Hope and 24 miles NW of s i t e .  

5. About 22  miles ESE of Point Hope and 11 miles NW of s i t e .  

6.  Near divide between Ogotoruk Creek and Kukpuk River, 
7 miles north of s i t e .  

7. About 1 mile east of No. 6, 7 miles north of s i te .  

8, About 1 .2  miles upstream from mouth and from s i te .  

9. About one-half mile upstream from mouth, 7 miles ESE 
of s i t e  and 11 miles NW of Cape Seppings. 

10. About 7 miles NNE of Kivalina and 39 miles ESE of s i t e .  

11. About 4 miles ENE of Kivalina and 42 miles ESE of s i t e .  

12. A t  confluence with Kelly River, about 75 miles north of 
Kotzebue and 90 miles nearly east of s i t e ,  



Table 12.- Composition of solutions, i n  equivalents per million, 

equilibrated with materials from vic in i ty  of the Chariot site 

[pH of solutions about 7.2; ~ r ~ ~ ,  113', or  ~s~~~ added to  each solution. After Baker and Beetem, 19611 

Total C;;Mg HCO 
Number Ca Mg N a  cations 3 so HcoJ 

4 so 
4 



Table 13.- Distribution coefficients for 1-day and 6-day adsorption of ~r~~ on materials fron 

vicinity of Chariot site 

[Determinations by J; Hi Baker and W; A. Beetem, U. S ;  Geological Survey, A k s C  19611 

Sample Solution number (see Table 12) 
number Material 1 2 3 4 5 6 ' 7  8 9 

Tundra vegetation 

4 Live moss on liaestone 
colluvium. 

AXd 5 Dead moss on limestone 
colluvium, 

aKd 6 Mixed species, live and 1-day 
dead, on limestone {6-day 
c alluvium, 

AKd 7 Live moss 

A3d 8a Tussock-grass crown 
6-day 

AKd 8b Tussock-grass root mat 1-day 
(6-day 

AKd ll Organic bottom sludge, 
West Pond. 

Soil mantle 

AKd 3 Residual soil fron 577 697 757 166 222 440 47 55 1% 
limestone. 585 620 9 4  245 385 730 60 65 3,400 

AKd 9 Windblown silt (from 1-day 207 496 1,407 91 a1 285 2 2 33 666 
melted snow?) . 6-day 222 222 482 101 124 507 22 39 4,940 

K 





Table 111.- Distribution coefficients for  1-day and &day adsorption of lln on materials f r o ~  

vicinity of Chariot s i t e  

[Determinations by J. H. Baker and W. A. Beetem, U. S. Geological Survey, August 19613 

Sample 
number Material 

- - -- -- - .- 

Solution number (see Table 12) 
1 2 3 4 5 6 7 8 9 

AKd 7 

U d  8a 

AKd 8b 

AKd 11 

Tundra vegetation 

Live moss on limestone 
couuvium. 

Dead moss on L-Lmestone 
c 011uvium. 

W e d  species, live and 
dead, on limestone 
conuvium. 

Live moss {:z 
Tussock-grass root mat GI:::: 
Organic bottom sludge, 

West Pond. 

S o i l  mantle 

Residual s o i l  frrmr 
limestone. 

Windblown si l t  (from 
melted snow?). 



Table l.4.- 113', contirmed. 

Sample 
number Material 

Solution number (see Table i2) 

S o i l  mantle.-Contimed 

AKd 10 Frost  b o i l  in tundra 1-day { 6-day 

AKd 113 Do. 6::: 
AKd u Do. { 1-day 

6-day 

AKd l l5  Do. I 1-day 
6-day 

Agd U6 Do. t 1-day 
6-day 

a d  U7 DO. 3.6 9 -4 4.1 12 4.4 5*4 4-4 2.2 3.2 
113 3 8 94 40 40 10 13 19 

AKd I38 Windblown s i l t  from 22 8.1 10 21 14 47 18 8.1 9.4 
273 f r o s t  boil .  218 175 260 2 0 11s 198 17 5 89 

Rocks - 
&i 1 Limestone fragments 29 

6-day .60 

Bgd 2 Limestone t a lu s  1-day .12 
6-day 1.2 

AKd l l 2  Mudstone fragments, 04 
fresh,  Tiglukpuk -017 
f o m t i o n .  



Table 1s.- Distribution coeff ic ients  f o r  1-day and 6-day adsorption of ~s~~~ on mater ia ls  from 

v i c in i t y  of Chariot s i t e  

[Determinations by J. H. Baker and W. A. Beetem, U, S. Geological Survey, August 19611 
-- 

Sample Solution number (see Table 12) 
number Material 1 2 3 4 5 6 7 8 9 

Tundra vegetation 

AKd 4 Live moss on limestone 
colluvium . 

AKd 5 Dead moss on limestone 
colluvium. 

AKd 6 W e d  species, l i v e  and 
dead, on limestone 
colluvium. 

AKd 7 Live moss 

AKd 8a Tussock-grass crown 

AKd 8b Tussock-grass roo t  mat 

AKd : 11 Organic bottom sludge, 
West Pond. 

So i l  mantle 

AKd 3 Res idua l so i l f rom 
limestone. 

AKd 9 Windblown s i l t  (from 
melted snow?). 

AKd U6 Frost b o i l  i n  tundra 



137 Table 15 .- Cs - , contirmed. 

Sample Solution rnrmber (see Table 17) 
number Material F - - ? -  7 73 9 

Rocks - 
Bgd 1 Limestone fragments l-day * 300 
AKd 2 Limestone talus l-day *6.Y 

AKd 112 Mudstone fragments, 1-day *26.4 
fresh, Tiglukpnk 
formation. 

* Solution with which the rock samples were equilibrated had a pH of 3. 



Mean d is t r ibu t ion  coeff ic ients  and mean basin-wide adsorption.- 

The numerous d i s t r ibu t ion  coefficients determined by Baker and Beetem 

must be generalized f o r  purposes of t h i s  report. The generalization 

involves three steps: (1)  Me an d i s t r ibu t ion  coeff ic ients  are 

interpolated f o r  the several land-surface types of Table 9, paired 

with each of the three nuclides tested. by Baker and Beetem, a l so  

with other  fission-produc t nuclides col lect ively .  (2 ) Corresponding 

t o  these mean coefficients,  values are calculated f o r  the f rac t ions  

of t o t a l  rad ioac t iv i ty  adsorbed by the  solid phase ("Asf1 of the 

equation on p. 34). ( 3 )  In  turn these mean f rac t ions  of radio- 

ac t i v i t y  adsorbed by each land-surface type are  applied t o  the  

percentage areas  of Table 9 t o  derive, by summation of p a r t i a l  

products, a mean value f o r  the f rac t ion  of radioact ivi ty  adsorbed 

vithin each of the basins  discriminated on Plate  1. For purposes of 

t h i s  report, the available data have been so generalized f o r  M / M 1 s 

r a t i o s  of 1, 100, and 1,000--that is, f o r  mean d i s t r ibu t ion  coeff ic ients  

multiplied by fac tors  of lo0,  and loe3, respectively. Tables 16 

and 1 7  summarize the generalized data. 

The adsorption-potential values of Tables 16 and 1 7  apply, of 

course, only t o  the  soluble f ract ion of the  f i s s ion  products vented 

by Project  Chariot (see Table 2) .  It i s  assumed tha t ,  i n  the mixed 

f i s s i o n  products, the adsorption po ten t ia l s  of the several  nuclides are 

not diminished by interference one Kith another--in other words, t ha t  

adsorption does not follow a preferent ia l ,  exclusive sequence of nuclides. 

Although this assumption i s  not s t r i c t l y  t rue ,  it i s  considered. acceptable 

f o r  the order-of-magnitude appraisal  here reported and f o r  the small 

concentration,of radionuclides expected i n  the waters. 



Table 16.- Mean d i s t r i bu t i on  coef f ic ien t s  and ~ e r c e n t a ~ t e s  of 

a c t i v i t y  adsorbed by land-surface materials ,  

Promiect Chariot  

Nuclide Vegetated Bare s o i l  Rock, ta lus ,  
and colluvium 

Distr ibution coeff ic ient ,  K 
d 

Fraction of a c t i v i t y  adsorbed 

Sr  90 a 9921 .9888 9592 

,131 
0 9690 0 9672 03333 

C s 137 9936 9999 0 9756 

0 the r  0 9969 0 9975 0 9836 

Other fission-product nuclides col lect ively;  values estimated. 

Assuming the  r a t i o  M1 / Ms t o  be unity,  



USES OF UTER 

The basic concern of t h i s  appraisal  i s  with the sources of water 

ingested by humans, and Kith the ant ic ipated e f f ec t s  of Project  Chariot 

on those sources. The native Eskimo population l i v e s  i n  widely spaced 

permanent vil lages.  However, it subs i s t s  largely  on game. Its hunting 

p a r t i e s  move through v i r t u a l l y  a l l  the land area of Pla te  1 and several 

miles offshore on the Chukchi Sea, by boat and by sled on the winter ice. 

I n  order of distance from the Chariot s i t e ,  the pr incipal  v i l l ages  

of concern are  Point Hope, native population 290, on a b a r r i e r  beach, 

32 miles t o  the  northwest; Kivalina, native population 135, a l so  on a 

bar r ie r  beach, miles t o  the southeast; Cape Lisburne ( a  mil i tary  base), 

on the shore 55 miles t o  the north; Noatak, native population about 350, 

80 miles t o  the southeast, on the Noatak River some 50 miles above the 

mouth of t h a t  stream; and Kotzebue, native population about 900, on a 

ba r r i e r  beach, 120 miles t o  the southeast. 

A t  Point Hope the summer source of water i s  a dug well  on the ba r r i e r  

beach, about 600 yards southeast of the v i l l age  and 250 yards from the 

shore of the  Chukchi Sea. The well i s  concrete-curbed, 6 f e e t  square, 

and approximately 6 f e e t  deep below the natural  land surface. When 

inspected by the wr i te r  on July 10, 1961, water l eve l  i n  the  well was 

1.3 f e e t  below the top of the concrete curb and about 8 f e e t  above sea 

level .  A sample of the water taken i n  July 1960 contained 221 ppm of 

dissolved solids.  I n  react ing values, Ca, Mg, and HCO were 51 percent 
3 

of the t o t a l ;  Ma and C 1 ,  42 percent. From t h i s  meager information it i s  
inferred t h a t  the well taps  a t h i n  body of f r e sh  water-either i n  
"Ghyben-Herzberg" balance with water of the Chukchi Sea t o  the south and 
the Kukpuk River lagoon t o  the north, or  perched above permafrost. 
Recharge presumably i s  by local  i n f i l t r a t i o n  of r a i n  and melt water. 



The winter source of water f o r  Point Hope i s  ice ,  cu t  on one of 

two small, land-locked lagoons about 6 miles east-southeast of the 

v i l l age .  Ordinarily none of the vi l lage  supply i s  taken from Marryatt 

I n l e t ,  i n t o  which the Kukpuk River discharges (see P l a t e  l ) ,  nor from 

any of the  stream-fed ponds and lagoons of the v ic in i ty .  

A t  Kivalina, water i s  taken (1) i n  the winter, from i c e  of the 

Wulik River o r  the adjacent lagoon, about 1 mile ea s t  of the  vil lage;  

(2) in spring, from snow on shore i c e  or from the Wulik River about 

5 miles above i t s  mouth; and (3) i n  summer, from the Wulik River between 

1/4 mile and 2 miles above i t s  mouth, according t o  the amaunt of flow. 

No wells  are used currently, but formerly there were two about 5 f e e t  

deep on the lagoon side of the  sp i t .  These were used for late-autumn 

water whenever the  r i ve r  was extremely low, Water from these wells  

was considered undesirable because canmanly it was noticeably s a l t y  

and turbid. 

A t  Cape Lisburne, summer source i s  reported t o  be ground water 

( ~ a l l e r ,  1961). The winter source i s  not known t o  the wri ter .  

A t  Noatak, water o rd inar i ly  i s  taken from the Noatak River 

throughout the year--in summer, immediately upstream from the vil lage;  

i n  winter, from r ive r  i c e  o r  from a swif t ly  flowing reach of the r i ve r  

t h a t  does not freeze,  on the eastern o r  d i s tan t  s ide  of the flood plain. 

A t  times during breakup, the r i ve r  i s  excessively turbid and water i s  

obtained by melting snow. According t o  report ,  the  snow is  essen t ia l ly  

f r e e  from wind-borne si l t .  



A t  l e a s t  ha l f  the res idents  of Noatak l i ve  during the summer a t  

r f i sh ing  c q  an Sheshalik Spi t  a t  the north extremity of Kotzebue 

Sound, 9 miles northwest of Kotzebue, miles south of Noatak, and 

110 miles southeast of the s i t e .  For this camp, water i s  taken from 

a few wells a t  the axis of the sp i t ,  o r  transported by boat from the 

Noatak River about 1 mile upstream from i t s  mouth. The well water i s  

boi led before use. 

A t  Kotzebue, i n  summer, drinking water i s  hauled by tank truck 

frum June Creek (stubby's creek) about 2 miles t o  the suutheast, o r  

by barge from the Noatak River. The creek water has noticeable color 

derived f r m  tundra vegetation3 the r i ve r  water commonly i s  turbid. 

The winter s m c e  is  i c e  from a few miles t o  the east. Water f o r  

washing and f lushing i s  drawn from numerous wells i n  the t o m ;  these 

wel ls  are reported t o  be no more than 25 f e e t  deep. 

Hunting p a r t i e s  take water from any source momentarily available-- 

i n  summer from the  streams, ponds, and shallow-seated springs; i n  

winter from snow scooped up a t  t ra i l - s ide  and melted i n  the mouth f o r  

drinking water, men and sled dogs alike. Winter night-camp supplies 

a lso  a re  melted, from i c e  i n  preference t o  snow. Thus, water sources 

are anywhere dlong the  t r ad i t i ona l  t r a i l  routes. The routes here of 

pr incipal  concern a r e  along the shore, offshore on sea ice ,  along the  

Ogotoruk Creek val ley,  and widely i n  the lowland of the  Kukpuk-Ipewik 

River valley. The previously cited papers by Foote t r ace  these routes  

specif ical ly .  



Ingestion of water by game and other u i l d  animals i s  a s ign i f ican t  

llusen t a  the  extent  t h a t  f l e sh  of these animals enters  the  l o c a l  food I 
chain. This ffusefl encompasses not  only the  perennial streams, ponds, l 

and springs, but also--especially in the  case af b i r d s  and the smaller 

animals--the countless rills and micro-ponds t h a t  are generated 

in te rmi t ten t ly  by melt ing of snow and by the  heavier r a i n f a l l .  

Such a re  the  diverse and scattered water sources here of concern. 

STANDARDS FOR DRINKING WATER 

National Bureau of  Standards Handbook 69 l i s t s  llmaximum permissible 

concentrationsn of radionuclides i n  water, both f o r  oceupetional exposure 

of 40 hours per week and fo r  continuous exposure of 168 hours per week. 

The l i s t e d  values apply t o  workers i n  the  rad ia t ion  industry, wfiere 

adequate "rad-safeff precautions a re  taken; f o r  other s i tuat ions ,  one-tenth 

the  l i s t e d  values i s  t o  be applied. 

Several aspects of these drinking-water standards are  stressed,  as  

.Y follows . 

Maximum permissible body burdens and maximum permissible 
concentrations of radionuclides i n  a i r  and i n  water f o r  occupational 
exposure: U. S. Dept. Commerce, National Bureau of standards Handbook 
69, PP. 6 ,  21 ( 1 9 5 9 ) .  

The l i s t e d  "permissible cancentrationsfl assume t h a t  a 

person inges t s  the nuclide-bearing water continually over a 

period of 50 years i n  an average amount of 2,200 grams, o r  

0.58 gallon a day. Here i s  included the  water content of 

foodstuffs. 



'*The maximum permissible average body burden of radionuclides 

in persons outside of the controlled area and attributable to the 

operations within the controlled area shall not exceed one-tenth of 

that for radiation workers (based on continuous occupational exposure 

for a 168-hour week). This will generally entail control of the 

average concentrations in * * x- water at the point of intake, or of 
the rate of intake to the body in foodstuffs, to levels not exceeding 

one-tenth of the maximum permissible concentrations allowed in * * * 
water and foodstuffs for continuous occupational exposure. The body 

burden and concentrations of radionuclides may by averaged over 

periods up to one year [underscore by the writer]. 

"The rnaxhm permissible dose and the maxim permissible 

concentrations of radionuclides * * * are primarily for the purpose 
I 

of keeping the average dose to the whole population as low as ~ 
reasonably possible, 

injury to the individual [underscore by the writer]. 

"A SO-year exposure period is assumed in deriving [the fmaximum 1 
permissible concentrations~], and the exposure level is assumed to 

be constant. Thus a transient situation (e.g., fallout shortly after 

a nuclear detonation or a major reactor accident where the level of 

activity is rapidly decreasing, and even the relative abundance of ~ 
different radionuclides will be changing) presents a hazard widely 

different fram the constant level SO-year occupational exposure which 

is assumed. The measure of difference is here so large that to I 
attempt to correct it amounts to a new calculation." 



With these qual i f ica t ions ,  Nnaxim~ permissible concentrationsIt 

are c i t ed  below, only as  a ba s i s  f o r  numerical comparison with 

concentrations of fission-product nuclides expected t o  r e s u l t  from 

Pro jec t  Chariot. Including the  one-tenth factor ,  they are: 

Soluble Insoluble 

Mixed f i s s i o n  products* . . . . . . 1 x lom7 5 x lo--6 

%-NO isotopes of radium present 

Execution of Project  Chariot muld have only  t r ans ien t  e f f e c t s  

on l oca l  water supplies, i n  the sense of the foregoing quotation from 

Handbaok 69, I n  this t r ans i en t  si tuatioli ,  a human could t o l e r a t e  

greater  concentrations of radionuclides i n  water than the flmaximum 

permissiblev values j u s t  c i ted .  It i s  not within the  w r i t e r t s  

competence t o  suggest how great  the  acceptable concentrations might 

be. It i s  noted, however, t h a t  gamma o r  beta a c t i v i t y  acceptable i n  

an emergency has been s e t  a t  9 x /&/nil f o r  a 10-day period of 

ingestion, and 3 x ,&5c/ml f o r  a 30-day p e r i o d . q  This 30-day 

The e f f ec t s  of nuclear weapons: U. S. Atomic Energy 
Commission, paragraph 12.101, p. 535 (1957). 

5 standard i s  3 x 10 greater  than the l i fe- long standard f o r  mixed. 

f i s s i o n  products. 



EXPECTED DISPERSAL OF FISSION PRODUCTS 

FROM PROJECT CHARIOT 

Within the framework of general assumptions thus far presented, 

and certain specific assumptions and simplifications that will be 

explained, Tables 18-22 show expected dispersals of fission products 

in fallout from Project Chariot, generally in the first few weeks 

following detanation. These dispersals cover four hypothetical cases, 

each of which postulates a distinct climatic and hydrologic setting, 

but which together span the yea~ly range of hydrologic conditions in 

the vicinity. Under each case, a dispersal is traced out for the  

fallout pattern of Plate 2 in each of the two orientations outlined 

on page 5. Under each case and fallout pattern, the vented fission- 

product activities of Table 2, appropriately decayed, are distributed 

among five categories, as follows: (1) dissolved in st~erna running 

off from the fallout area or in the water of micro-ponds within the 

area; (2) suspended in the streams; (3) adsorbed on land-surface 

materials and so essentially immobilizedj (4) infiltrated to soil water 

and so momentarily immobilized, but subject to later uptake by growing 

plants, to slow percolation through the soil, and to adsorption on soil 

particles; (5) remaining on the land surf ace or on vegetation near the 

place of fall, subject to later re-dispersal by water or wind, also to 

ingestion by grazing animals, 

2 In the cited tables, activities are expressed in c/mi (curies per 

square statute mile) or in (microcuries per milliliter) of water. 

2 For inter-conversian of these twr, units, 1 c/mi dissolved in water an 

inch deep over the area would result in a concentration of 1.52 r lo-' 

P c/m1 . 



Case I: Detonation about in Apri l  (Table 18 )  
# 

General aspects... CaBe I assumes: (1) Detonation about i n  April,  

with f a l l ou t  on continuous snow cover 30 days p r io r  t o  breakup, 

( 2 )  Negligible red is t r ibu t ion  of f a l l o u t  by the wind. This assumption 

i s  unrea l i s t i c  but i s  a necessary simplification (see pp. 13 and 68-69). 

( 3 )  Snowmelt runoff of 1 inch over the area, in 30 days following breakup, 

This i s  the runoff of Ogotoruk Creek i n  a ndryfl year. I n  other years, 

runoff might be several fold  greater; if so, the concentration of nuclides 

i n  the streams would be l e s s ,  apprbximately i n  an inverse ra t io .  

(4) Snowmelt detained i n  micro-ponds, 0.3 inch over the area, a s  estimated 

on page 20. 

During the breakup o r  thaw, melting would occur a t  the upper surface 

of the snow layer ,  with the  l a t e n t  heat  of melting derived from so la r  

energg and not from ground heat. Melt water f i rs t  would percolate 

downward i n  the snow u n t i l  intercepted by an i ce  layer,  the frozen land, 

o r  same other  impermeable surface. Once intercepted,  it would move l a t e r a l l y  

toward and i n t o  stream channels. Each day i n  t h i s  cycle, probably some of 

the melt would re-freeae a t  night. 

Nuclides dissolved i n  runoff and i n  micro-ponds.- It is assumed t ha t  

a l l  the  soluble f i s s i o n  products w i l l  be dissolved by the melt water and, 

excepting the f r ac t i ons  detained i n  micro-ponds o r  adsorbed by land-surface 

mater ia ls  ( t o  be appraised), w i l l  flow t o  the Chukchi Sea and so w i l l  pass 

r a the r  quickly from the area. In Table 18, maximum values among the several  

basins are  f o r  the expected concentration i n  micro-ponds, rills, and small 

streams a t  place of or igin  i n  melting snow, assuming (1) "hot spats" having 

a c t i v i t i e s  10-fold greater than according t o  the generalized pa t t e rn  of 
P la te  2, and ( 2 )  no depletion of ac t i v i t y  by adsorption. Among the  basins, 
these maximum concentrations are roughly from 10- t o  200-fold greater than 
the average concentrations. 



Average concentrations are for the 30-day period of melt-water 

m o f f ,  in streams or in the many micrb-p~nds within the area of 

measurable fallout (Plate 2). In trunk streams, these concentrations 

may be diluted outside the fallout pattern by runoff from outlying 

areas, either upstream or downstream, or both. No such dilution would 

occur in the basins of Og3tcruk and lhsoardc Creeks, or in most of the 

small basins between Ogotoruk Creek and Cape Seppings (basins 0, 1, and 

2 on Plate 1). In other basins of t-ce area, dilutico probably would be 

less than five-fold and alm~st certainly less than ten-fold. 

Nuclides suspended in runoff .- Zxcept *thin a few miies of the 

Chariot site, insoluble fallout particles are presumed to be of such 

size  able 3) as to move readily Kith the melt water and, unless 

trapped by irregularities of the snow-ice-land surface to become 

suspended sediment in the streaolls. The fraction so becoming sediment 

cannot be reasoned from information at hand. For puwoses of this 

appraisal, Table 18 postulates velues ranging from 5 percent for basins 

within 10 miles of the site to 50 percent for those more than about 

35 miles distant. As so postulated, activity in the trunk streams due 

to suspended fallout particles is expected to be about from 3- to 35- 

fold greater than that due to dissolved nuclides. The smaller ratio 

applies to basins close to the sitej the larger ratio, to the must 

remote basins. 



Tbtal s t rean burden.- The t o t a l  cmputed stream burden, dissolved 

and suspended, ranges from b.5 x t o  2.0 r id5 /(~c/ml. Thus, t o t a l  

stream burden i s  greater  than the l i fe long  standard f o r  drinking water, 

but l e s s  than the 30-day emergency standard. I n  pa r t  because the a c t i r i t y  

would pass t o  the Chukchi Sea within a few days a f t e r  it reaches a trunk 

stream, the implied hazard appears t o  be readi ly  manageable. 

Nuclides adsorbed.- Under the assumed conditions of Case I, the 

opportunity f o r  dissolved a c t i v i t y  t o  be depleted by adsorption i s  not 

readi ly  evaluated. Thus, i n  passing from the area, much of the ear ly  

melt water w o u l d  not contact mineral p a r t i c l e s  other than windblown 

sil t  contained in the snow (p. 15), nor vegetation other than tha t  which 

protrudes through the snow. Only the l a t e r  pa r t  of the melt-water period 

would expose a large f ract ion of the land surface and i t s  vegetal mantle. 

I n  these circumstances, a mean M. / Ms r a t i o  of 10 3 i s  postulated--in 

other words, t ha t  "normaln d i s t r ibu t ion  coeff ic ients  are  reduced by a 

fac tor  of log3. &en so, substant ia l  percentages of ~s~~~ and llothern 

nuclides, and appreciable percentages of sr90 and would be 

immobilized by adsorption on land-surface materials (see Table 17). 

Nuclides i n f i l t r a t e d  t o  s o i l  water.- During the snow-melt period 

of Case I, the zone of s o i l  water would be saturated continuously and 

frozen a t  l e a s t  p a r t  of the time; consequently, opportunity f o r  

i n f i l t r a t i o n  would be essen t ia l ly  zero. Weeks o r  months l a t e r ,  hawever, 

a substant ia l  o r  even a major f rac t ion  of the melt water t ha t  previously 

had been detained i n  micro-ponds might i n f i l t r a t e  (see pp. 33 and 72). 



Products remaining near place of f a l l . -  Case I assumes t h a t  from 

50 t o  95 percent  of the  vented insoluble  f i s s i o n  products would remain 

near t h e i r  p lace  of fall--lodged i n  o r  around vegetat ion,  o r  dispersed 

over the non-vegetated areas. A s  has been s t a ted ,  p a r t  of t h i s  f r a c t i o n  

of the  f i s s i o n  products may be ingested by grazing animals and so  en te r  

the  l o c a l  food chain. The greater  p a r t ,  however, would be subject  t o  

l a t e r  re-dispersa l  by t h e  wind o r  by runoff, e i t h e r  rain-generated o r  

melt water-generated, over ensuing months o r  even years. Being 

insoluble,  the  p a r t  re-dispersed by runoff could pass from the  area 

only a s  suspended sediment o r  bedload i n  the  streams. The res idual  

remaining i n  the  area can be expressed by a general equation: 

i n  which ; C = concentration of res idual  nuclides n yea rs  n a f t e r  detonation (decay of a c t i v i t y  no t  
considered) 

C = i n i t i a l  concentrat ion 
0 

f = a f r a c t i o n  of t h e  nuclides removed from the  
area each y e a r  

A spec i f i c  value f o r  "fl! of the preceding equation i s  conjectural .  

By inference, however, "frt would be r e l a t i v e l y  l a r g e  f o r  the out ly ing 

p a r t s  of the f a l l o u t  pa t tern ,  where the  res idua l  nucl ides  would diminish I 

t o  nominal concentrations r e l a t i v e l y  quickly. For t h e  close-in p a r t s  of 

the  pat tern ,  "fn would be smaller,  and the  res idua l  concentrat ion would 1 
d i s s i p a t e  more slowly. Within a few miles  of the  s i t e ,  much of the  

throwout and some of the f a l l o u t  p a r t i c l e s  presumably would no t  be 

moveable by water. 



Whatever the rate at which insoluble nuclides are re-dispersed, 

the concentration in streams, as suspended sediment and bedload, 

ordinarily m d d  be substantially less than during the period of melt- 

water runoff covered by Table 18, Concentrations equaling or exceeding 

those af the melt-water runoff might be experienced, however, in the 

event of unusually intense rainfall in the June or July following 

detonation. 

Case 11: Detonation in early June (Table 19) 

Case I1 assumes: (1) Detonation at the close of melt-water runoff, 

about in early June. (2) In the 30 days following detonation, a 

precipitation total o f  0.5 inch but not more than 0.1 inch in any one 

storm. There appears to be about an even chance that such a precipitation 

sequence would occur (see Tables 5 and 6). (3) Runoff averaging 0.03 inch 

(1 cfs from Ogotoruk Creek basin) with none generated by rain during the 

30-day period. 



The following generalizations and simplifications were introduced 

in regard to Case I1 dispersal of soluble nuclides. (1) All the 

soluble nuclides dissolve in the assumed 0.5 inch of rain plus any 

water in antecedent micro-ponds. (2) Interim evapotranspiration is 

about 0.8 inch, so that all the dissolved nuclides infiltrate the soil. 

(3) In such an adsorption environment, the M1 / Hs ratio probably is 

somewhat less than unity; accordingly, "normaln Kd values apply. 

(4) Concentration of radioactivity in the soil water increases in the 

ratio of rainfall to interim evapotranspiration--that is, in the ratio 

of 5 to 8. (5) Concurrent runoff is base flow derived from soil water 

concentrated in that ratio. Runoff at that concentration and at the 

assumed average rate (1 cfs in Ogotoruk Creek) removes 9.1 percent of 

the activity not adsorbed. So derived, the Table 19 values for 

activity of nuclides dissolved In the streams probably approach the 

credible maximum. (6) Table 19 values for nuclides infiltrated to soil 

water are the residual solubles that are not adsorbed and that do not 

reach the streams. 

In contrast with Case I it is expected that: (1) Concentration of 

soluble nuclides in the streams will be somewhat greater in Ogotoruk and 

Nusoaruk Creeks, but slightly less in other streams. (2) Essentially 

no nuclides will reach the streams as suspended sediment; in other words, 

substantially all insoluble nuclides will remain near their place of 

fall. (3) Nuclides adsorbed on land-surface materials Kill be greater 

by one or two orders of magnitude. (4) Whereas in Case I dissolved 

nuclides would not infiltrate to soil water during the period of snow 

melt, in Case I1 such infiltration not only will be substantial in amount 

but also will take place during the assumed 30 days of initial fission- 

product dispersal. 



Case 111: Detonation in early August (Table 20) 

Case I11 assumes: (1) Detonation in early August, following two 

months of minimum precipitation with an accumulated soil-water deficiency 

of 1.0 inch. (2) In the 30 days following detonation, rainfall of 2.5 

inches generating runoff of 0.7 inch (approximate average in Ogotoruk 

Creek, 25 cfs). There is about an even chance that these antecedent 

conditions would be realized. 

'Ihe dispersal of soluble nuclides under Case I11 is derived from 

the folloxing specific assumptions or generalizations: (1) All the 
I 

solubles dissolve in the first 1.0 inch of rain, of which all infiltrates 

to replenish antecedent soil-water deficiency. Thus, all the solubles 

are dispersed before any micro-ponds are generated by the subsequent 

rainfall. (2) As in Case 11, the adsorption environment involves 

~~n0rnal1~ Kd values. (3) Of the concurrent runoff, 20 percent is base 

flow derived from soil water concentrated in the fashion outlined in 

the preceding case. On this basis, 18 percent of the non-adsorbed 

solubles reaches the streams and 82 percent remains in the soil water. 

(4) The solubles that reach the streams are diluted by nuclide-free 

overland runoff in the ratio of 1 to 4. 



Results may be generalized as follows: (1) Concentration of 

soluble nuclides in the streams is very small and, excepting Ogotoruk 

Creek and adjacent mall streams to the southeast, is lea8 than the 

lifelong drinking-water standards previously cited. ( 2) Insoluble 

nuclides reaching the stream as suspended sediment constitute most 

of the total stream burden. Their expected concentration is about 

3- or 4-fold greater than in Case 1. (3) Nuclides adsorbed, those 

infiltrated to soil water, and the insolubles remaining near their 

place of fall are in substantially the same concentration as in Case 11. 

Case IV: Detonation in late September (Tables 21 and 22) 

Case IV assumes: (1) Detonation in late September, 10 days prior 

to freezeup, with fallout on saturated tundra. (2) In the 10-day 

interim, no precipitation and runoff scaled to an average of 10 cfs 

in Ogotoruk Creek. Dispersal of nuclides must be considered in two 

periodso-an initial dispersal prior to freezeup (Table 21) and a 

re-dispersal during the next ensuing snowmelt period (Table 22). 

Thus, in a sense Case IV is roughly analogous to Case I1 combined with 

Case I, w i t h  an intervening decay period of about eight months. 



Case IV a l so  involves these supplemental assumptions: 

(1)  Soluble nuclides dissolve i n  water detained by the micro-relief 

of the saturated tundra. ( 2 )  Adsorption takes place only during the 

i n i t i a l  lO-day dispersal, i n  an environment having a M1 / M r a t i o  
S 

2 of about10  . A t  t h i s  r a t i o ,  the quant i t ies  adsorbed are only s l i gh t ly  

l e s s  than under a llnonnalll environment (see Table 17).  (3)  The so i l  

zone being saturated o r  frozen, none of the soluble nuclides i n f i l t r a t e .  I 
(4) Of the non-adsorbed solubles, one-third reaches the streams during 

the i n i t i a l  10-day period; the remaining two-thirds i s  detained i n  micro-- 

ponds, i s  immobilized over winter i n  ice,  and reaches the streams during 

the l a t e r  half of the ensuing melt-water period, i n  one-fourth of the  

melt-water runoff. ( 5 )  Insolubles reach the streams only during the 

period of re-dispersal, i n  the percentage amounts previously assumed 

f o r  Case 111. 

Briefly, dissolved i n  runoff during the i n i t i a l  10-day dispersal  

i s  roughly from one t o  four orders of magnitude greater  than the previously 

c i ted  l i fe long  standard f o r  drinking water. Soluble srY0 i s  from tao 

orders greater  t o  one order l e s s  than tha t  standard3 c313' i s  l e s s  than 

the l i f e long  standard i n  a l l  basins. I n  the f i n a l  dispersal ,  a f t e r  

eight months decay* (1) stream-borne soluble sr9' and ~s~~~ are moderately 

l e s s  than i n  the i n i t i a l  dispersal;  ( 2 )  i s  a t  l e a s t  f i ve  orders of 

magnitude less than the l i fe long  standard; and (3) Ifother" nuclides a re  

l e s s  than the l i fe long  standard except within about 10 miles of the 

Chariot s i t e .  



Among insolubles reaching the streams a s  suspended sedhen t ,  

(1) sr90 and ~s~~~ are  about three-fold greater  than i n  Case I11 

and two-fold greater than i n  Case 'I, but are l e s s  than the l i fe long  

standard i n  a l l  basins except t h a t  of Ogotoruk Creek; (2 )  i s  a t  

l e a s t  six orders of magnitude l e s s  than the l i f e long  standard; and 

(3) 'fotherfl nuclides are  about one order l e s s  than i n  Case I11 but 

exceed the l i fe long  standard i n  a l l  except the outlying p a r t s  of the 

f a l l o u t  pattern.  

Nuclides adsorbed i n  the i n i t i a l  10-day period are  somewhat l e s s  
J 

concentrated than i n  Cases I1 and 111, but roughly two orders cbf 

magnitude more concentrated than i n  Case I. 

The four cases i n  sumnary 

Among the  four  hypothetical cases, the rad ioac t iv i t i es  i n  streams 

due to dissolved nuclides are by far the  l e a s t  i n  Case 111--that is, 

Kith detonation i n  early August, followed by heavy rains. For the more 

d i s tan t  p a r t s  of the f a l l o u t  area, these a c t i v i t i e s  are l e s s  than the 

l i fe long  drinking-water standards. 

Act iv i t i es  i n  the streams due t o  suspended f a l l ou t  pa r t i c l e s  are 

essen t ia l ly  zero i n  Case 11--that is, with detonation about i n  ear ly  

June, followed by l i g h t  r a in fa l l  and minimum runoff. I n  a l l  the o ther  

cases, these a c t i v i t i e s  depend la rge ly  on an unknown factor--the 

proportional par t  of the  f a l l ou t  pa r t i c l e s  t ha t  wi l l  be moved in 

competition Kith natural  s o i l  par t ic les ,  by water flowing overland. 

Whatever t h i s  proportion might prove t o  be, i n f e ren t i a l l y  it would be 

greatest  under Case I and possibly, but not certainly,  near ly  as great  

under Case 111. 



Among the  four cases a s  presented, t o t a l  stream burden i s  greates t  

in Case 111. However, t h i s  case encompasses an in te rva l  of high 

momentary streamflw but moderate average flow. Under these conditions, 

ac t iv i ty  once in the streams, e i t he r  dissolved o r  suspended, would pass 

i n  very la rge  pa r t  t o  the Chukchi Sea within a few days. This being so, 

no manageable  s i tuat ion,  involving continuing hazard t o  residents of 

the area, i s  foreseen. 

Activity t ha t  does not  reach the streams soon a f t e r  detonation 

w i l l  of course remain in the area--adsorbed on land-surface materials, 

i n f i l t r a t ed  t o  s o i l  water o r  ground water, o r  dispersed over the land 

surface as  insoluble par t ioulate  matter. I n  the aggregate, this 

remaining ac t iv i ty  w i l l  include the greater  pa r t  of t h a t  vented. 

Insolubles on the land surface probably K i l l  move t o  the  streams 

over a period of years, but ordinar i ly  i n  concentrations progressively 

l e s s  wlth each passing year. For most of the area, the relevant 

problems of management should vanish within a few years. 

SPECIAL ASPECTS OF FISSION-PRODUCT DISPERSAL 

Re-distribution by the wind 

Each of the  preceding four  hypothetical cases has assumed tha t  

f a l l ou t  remains i n  the pa t te rn  of Plate 2 o r  i t s  mirror image, and 

within the prescribed f a l l o u t  sectors, u n t i l  transported by water o r  

adsorbed by land-surface materials. Such an assumption i s  not warranted, 

especially with fa l lou t  on antecedent snow, as i n  Case I. 



Specifically,  an ffOgotoruk Kindn such a s  described on page 13 

could, within a s ingle  day, re-dis t r ibute  the f i s s i o n  products over 

a l a rge  p a r t  of the area  and carry  them f a r  dowmrind mingled with 

snow. Such re-dis t r ibut ion would be l a rge ly  southward and generally 

between azimuths 125' and 215' (see Pla te  2, wind roses). The 

po ten t ia l  reach i s  presumed t o  be a t  l e a s t  20 miles, o r  t o  the v i c i n i t y  

of Cape Seppings; f a r t h e r  south, winter Kinds are reported t o  be of 

moderate veloci ty  and i n  various azimuths, Climatic records from the  

s i t e  suggest a t  l e a s t  9 chances i n  10  t ha t  the f a l l ou t  pa t t e rn  of 

Pla te  2 w i l l  be d r a s t i c a l l y  modified i n  t h i s  way, i f  detonation precedes 

breakup by 30 days o r  more. 

Notable ??hot spotsff of rad ioac t iv i ty  might be created. For example, 

assume a snowdrift 30 f e e t  deep, such as occur l oca l l y  i n  the  l e e  af 

minor r idges  athwart the  dominant wind from the  north (p, 13) ,  Assume 

fur ther  t h a t  the d r i f t  resulted from wind erosion of outlying snow 

surfaces t o  a depth of 1 inch, and t h a t  a l l  f i s s i o n  products i n  the 

eroded areas were removed with the  snow, The d r i f t ,  therefore, would 

contain f i s s i o n  products from an area 360 times g rea te r  than i t s  own 

extent, assuming uniform densfty of the snow. On breakup, the  radio- 

a c t i v i t y  of insoluble f i s s i o n  products remaining i n  the  d r i f t  area would 

be about tm and a hal f  orders of magnitude greater  than it would have 

been i n  the area from which the  d r i f t  was accumulated. Assuming a 1-inch 

water equivalent i n  b inches of the d r i f t ed  snow (see P O  15), the 

a c t i v i t y  of f i s s i o n  products dissolved i n  the  melt water would be increased 

four-fold over those of Case I, 



Re-distribution of f i s s i o n  products by wind might take place i n  

any month of the year, but probably t o  a smaller degree than under 

conditions of Case I. The poten t ia l  f o r  re-distribution would be 

progressively l e s s  i n  Case 11, with the f a l l o u t  on r e l a t i ve ly  dry 

tundra; Case 111, with f a l l o u t  on tundra saturated and flushed by 

heavy subsequent rain;  t o  Case IV, Kith f a l l o u t  l a rge ly  immobiliaed 

by freezeup soon a f t e r  detonation. 

Fission products i n  ponds 

Like nearly a l l  a r c t i c  terranes, the  land surface of the area 

here considered does not drain  completely. There are several perennial 

ponds i n  the Kukpuk River lowland, immediately northeast of the Ogotoruk 

Creek basin, I n  t h e i r  vic ini ty ,  the expected 1-hour ac t iv i ty  of f a l l ou t  

ranges about between 1 and 5 megacuries per square mile, Other ponds 

probably e x i s t  t rans ien t ly  d u r i n g  breakup and following heavy rain, 

widely over the tundra, These ponds K i l l  influence loca l ly  the  dispersal 

of f ission products from Projeot Chariat. 

Fallout on the water surface would be trapped within the pand area, 

perennially if  the pand has no averflau, Same aP the l a rge r  ponds drain 

moderately extensive land areas, the runoff from which would carry 

addit ional f i s s ion  products i n t o  the ponds under the conditions of 

Cases I and 111 and the re-dispersal phase of Case I V .  Data are lacking 

as  t o  pond volumes and drainage areas, from which the resu l t ing  concentrations 

of soluble products might be estimated. It i s  inferred,  however, t h a t  i n  

cer ta in  ponds the concentration might be several-fold greater than the 

average concentration i n  adjacent streams a s  shown i n  Tables 18 t o  22. 



I n  the case of a pond Kith no overflow, water volume would 

diminish i n  summer by evaporation, by the  t ransp i ra t ion  d ra f t  af 

adjacent vegetation, and possibly by i n f i l t r a t i o n  of the pondls 

bed. I n  perennial ponds, fission-product concentration would 

increase accordingly ( i n  terms of weight ra ther  than of radioact ivi ty) .  

Many small "sag pondsn and t h e i r  trapped f i s s i o n  products would 

dessicate. I n  succeeding years, the  ponds would r e - f i l l .  

In  numerous ponds it i s  expected t h a t  the  i n i t i a l  in f lux  of 

f i s s i o n  products would be constrained permanently, with t o t a l  radio- 

a c t i v i t y  diminishing largely  o r  wholly by decay (see Table l), A 

major f rac t ion  of the  soluble products probably would be adorbed om 

p a r t i c l e s  of pond-bottom ooze o r  on sedges. The concentration of 

non-adsorbed and insoluble products would f luc tua te  seasonally--in 

the  perennial ponds, probably l e s s  than an order of magnitude--owing 

t o  successive di lut ions  by r a i n  and melt water. Some of the pond 

a c t i v i t y  might enter  the l oca l  food chain, through aquatic o r  grazing 

animals. 

The numerous intermit tent  bcro-ponds on the tundra cons t i tu te  a 

specia l  and c r i t i c a l  case. A t  the  height of melt-water runoff and 

during intense r a in fa l l ,  many of these doubtless overflow one inta 

another, I n  the naning stages of snow melt and of heavy r a in fa l l ,  

however, they separate i n t o  d i sc re te  units analogous t o  the  la rger  ponds 

jus t  described. Most of these discrete ,  minute pools dessicate one o r  

&are times each summer--in par t  by evaporation and i n  par t ,  pmbably 

i n  major par t ,  by i n f i l t r a t i o n  t o  replenish the s o i l  water t h a t  i s  

transpired by surrounding vegetation (see p. 33). 
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These micro-ponds doubtless would t r ap  a subs tan t ia l  f r a c t i o n  

of t h e  insoluble fission-product pa r t i c l e s ,  In the aggregate, t h e i r  

water volume doubtless i s  suff ic ient  t o  dissolve all the soluble 

nuclides (see  p. 20). 

Fission products i n  s o i l  water and ground water I 

A s  has been shown, s o i l s  of the area are wet t o  t h e i r  capaci t ies  

most of the year, and a soil-water deficiency e x i s t s  only in te rmi t ten t ly  

during sunmer. Thus, recharge of s o i l  water i s  very largely  from rain;  

probably no more than a nominal p a r t  of the recharge is from melt water 

t h a t  may be retained i n  micro-ponds u n t i l  the growing season has 

progressed substant ia l ly .  Accordingly, it i s  expected t h a t  (1) dissolved 

f i s s i on  products from Project  Chariot w i l l  i n f i l t r a t e  the  s o i l  only under 

the conditions of Cases I1 and 111, and (2 )  subs tan t ia l ly  all the  products 

dissolved i n  d i sc re te  micro-ponds w i l l  i n f i l t r a t e  during the  f i r s t  summer 

following detonation, I n  the s o i l ,  a l l  but a small f r ac t i on  of the 

dissolved f i s s i o n  products would be adsorbed onto ea r th  particles--the 

W / H r a t i o  would be somewhat l e s s  than unity. (see Table 17.  ) 
1 s 

Subsequently, some unknown f r ac t i on  of them might be taken i n t o  the t i s sue  

of sedges and other tundra vegetation, and eventually enter  the l o c a l  food 

chain through grazing and browzing animals. 



Most gmrund-water bodies of the area--at shallow depth beneath 

the  streams and above permafrost, and possibly a t  depth i n  or beneath 

the permafrost--inferentially are  recharged from the  streams, in  p a r t  

by melt-water runoff and i n  p a r t  by rain-generated runoff, The 

shallow bodies discharge t o  t h e i r  companion streams, a s  the flora of 

those streams recedes a f t e r  breakup and between summer rains. 

Ground-water bodies of the area probably would be "spikedw 

extensively by soluble f i s s ion  products from Project  Chariot, especial ly  

under the  conditions of Cases I1 and 111. A n y  such "spikew advances 

slowly i n  i t s  aquifer, generally l e s s  than a mile per year. It advances 

in to  an undepleted adsorption eriviroment--in net  e f fec t ,  the M1 / Ms 

r a t i o  becomes vanishingly small, and adsorption i s  subs tan t ia l ly  complete 

within a r e l a t i v e l y  shor t  distance from the area of recharge. It i s  

expected, therefore, t h a t  most discharging ground waters of the  area-- 

ch ie f ly  the base flow of streams and the  issue of small springs--will 

contain only inconsequential amounts of radioactive f i s s i o n  products. 

One possible exception t o  t h i s  generalization exists--Covroeruk 

Spring, 27 miles southeast of the  site. There, the hydrologic s e t t i n g  

i s  not known fully (see p. 22). Some ult imate e f fec t  on t h i s  spring by 

Project  Chariot i s  conceivable. 

EFFECTS OF PROJECT CHARIOT ON LOCAL WATER SUPPLIES 

A l l  v i l l ages  of the  area a re  outside the  f a l l o u t  sec tors  of the 

foregoing appraisal; accordingly, t h e i r  established water sources 

(pp. 51-53) are exposed only t o  stream-transported or wind-transported 

f i s s ion  products. Two of the vi l lages ,  Kivalina and Noatak, def in i te ly  

are so exposed. 



A t  Kivalina and Noatak, water i s  taken fm the  Wulik and Noatak 

Rivers, respectively--seasonally a t  Kivalina and perennially a t  Noatak. 

If f a l l ou t  i s  between azimuths of 25' and l l oO ,  both these streams 

presumably would receive f i s s ion  products upstream from the two v i l l ages  

(see Tables 18-22). A s  has been pointed out, however, the concentration 

af stremmborne products i s  expected t o  be ne i ther  high nor persistent-. 

the basins of the two streams encroach on only the f r inge of the assumed 

f a l l ou t  pa t t e rn  and the concentrations Of ac t iv i t y  are r e l a t i ve ly  low; 

also,  flow time f o r  passage of ac t i v i t y  t o  the Chukchi Sea i s  a f e u  days 

only. The implied hazard seems readi ly  manageable, although ne i ther  

stream should be assumed t o  s a t i s fy  an appropriate drinking-water standard 1 
u n t i l  so proven by radiochemical analysis. 1 

Even though c lo se s t  t o  the s i t e ,  the v i l l age  of Point Hope seems 1 

exposed only t o  uind-transported f i s s ion  products, not t o  products 

transported by the Kukpuk River, dissolved o r  suspended. This stream 

discharges i n to  Marryatt I n l e t  about 9 miles east-northeast of the v i l l age  

(see Plate  1 ) .  A t  the time of melt-water m o f f  (Case I), the i n l e t  

ordinar i ly  i s  s t i l l  frozen and shore i ce  p e r s i s t s  on the  Chukchi Sea. 

The r i v e r  discharges beneath t h i s  i c e . u  During the summer (Cases I1 and 111)) 

1/ K achadoorian, Reuben, personal communication. 
- - - - -- 

fission-product ac t i v i t y  carried by the r i ve r  would be diluted a t  l e a s t  

several f o ld  i n  the i n l e t .  A t  no time i s  the water of the r i v e r  or  of 

the  i n l e t  believed t o  recharge the  ground-water body tapped by the 

v i l l age  well (see p.  51). 



Trail-side water sources used by hunting pa r t i e s  might not s a t i s f y  

an appropriate drinking-water standard i n  the  f i r s t  weeks o r  months 

a f t e r  detonation. Under Case I, i n  water melted from snow o r  ice ,  o r  

taken from a pond o r  small stream, it i s  expected t ha t  concentration 

of f i s s i o n  products would vary according t o  the  maximum values outlined 

on page 58--that is, t o  be as much as  two orders of magnitude greater  

than the  basin averages of Table 18.  However, the implied hazard mUld 

be of shor t  term; the  aggregate s tay  time of any t r a i l  par ty  within the  

prospective f a l l o u t  area probably has been no more than a week o r  two 

during any year. Over a period so short, a r e l a t i ve ly  high nuclide 

intake could be tolerated.  However, t r a i l - s i de  water sources should be 

considered l toff-l imitn u n t i l  proven otherwise by adequate radiochemical 

analysis, especially i n  the basins of Ogotoruk Creek, Nusoaruk Creek, 

and the  several  small streams southeastward t o  Cape Seppings. 

Relatively l i t t l e  specific hydrologic knowledge was available a s  

the  bas i s  f o r  t h i s  appraisal, and tha t  l i t t l e  pertained ch ie f ly  t o  the  

immediate v ic in i ty  of the  Chariot s i t e .  However, it i s  f e l t  t ha t  the  

basic purpose has been served--an order-of-magnitude appraisal of the 

concentrations of radioactive nuclides t h a t  might be introduced i n t o  

l oca l  water supplies by execution of Project  Chariot, under the  par t icu la r  

imput assumptions outlined on pages 3-12. Also tha t ,  t o  ref ine  the  appraisal  

subs tan t ia l ly  would require much more knowledge of new kinds, obtainable only 

by intensive invest igat ion over a term of several years. 



If and when executed, Project  Chariot w i l l  be a prototype f u r  

o ther  possible appl icat ions  of nuclear energy, Under some s i tuat ions ,  

e f fec t s  on the hydrologic environment could be subs tan t ia l  and a ser ious  

handicap t o  man's ac t i v i t i e s .  Accordingly, it i s  considered advisable 

and i s  recommended tha t  post-shot phenomena be studied i n  suf f ic ien t  

scope t o  ver i ry  t he  analysis here reported. In part icular ,  t o  determine 

the actual  f a l l o u t  pat tern  and the actual  dispersal  and ultimate I 

disposi t ion of f i s s i o n  products among intercept ion by vegetation, 

adsorption, i n f i l t r a t i o n ,  overland t ransport  (both water and wind ), and 

stream transport .  Presumably the post-shot schedule w i l l  provide f o r  

monitoring a c t i v i t y  levels  i n  vi l lage water sources, springs, and a t  
i 

other c r i t i c a l  points. These would l og i ca l l y  be programmed a f t e r  the 

ac tua l  f a l l ou t  pa t t e rn  has been established. 

I n  preparation f o r  these recommended post-shot studies,  antecedent 

rad ioac t iv i ty  of the s t r e m  waters would need be determined a3 l i t t l e  

before shot time as  i s  pract ical .  A t  l e a s t  one s ta t ion  f o r  such 

determination (and f o r  post-shot sampling and measurement of streamflow) 

i s  desirable in each of the basins outlined on Plate 1. It i s  recommended 

t h a t  the pre-shot operation schedule include reconnaissance f o r  se lec t ing  

s t a t i on  s i t e s ,  and f o r  the antecedent sampling. 



.. .. 
Table 8.- Particle-size dis tr ibut ion of stream deposits and of sediment, v i c in i ty  of the Chariot s i t e  , 

[Quantities a re  percent or' t o t a l  weight in par t ic les  f ine r  than t h e  s ize  indicated.] 
.. 

. . 
- ":LSi'it,G -. - . , 

Number on Plate 4 1 2 3 .b 6 7 8 9.1 9.2 9.3 10 ii b 

Size, millimeters 

32.0 78.4 . . .  91.5 - . .  0 . .  . . .  ?7*9 

. . .  16.0 47.0 . 62.2 91.5 88.8 43.3 

30.8 68.5 43.9 83.8 28. 8 8 .O 76 9 91.0 

Notes.- Samples 1 through 8 collected fo r  the wri ter  by I. L. Tailleur, - 
U. S. Geological Survey, June-July 1961. The three sediment 
samples a t  s i t e  9, by George Porterfield, U. S. Geological 
Survey, August 1958. 

A l l  analyses by U. S. Geological Survey. Part ic les  larger  than 
0.125 millimeter, by sieve; smaller, by standard pipet te  
procedure. 

1. Zast Fork of Ipetrik a v e r ,  gravel bar, about 51 r iver  miles 
upstream from confluence with North Fork and 52 miles bJE 
of Chariot s i t e .  

3. Tributary t o  East Fork of Ipewik River from the south, top of gravel bar, 
about 26 r ive r  miles upstream from confluence with 110rth Fork. 

4. East Fork of Ipewik River, gravel bar, about 20 r iver  miles upstream 
Trom confluence with North Fork. 

6. East Fork Ipewik River, top of gravel bar, about 4 r iver  miles 
upstream from confluence with North Fork. 

7. ;Iorth Fork of Ipetrik River, island i n  mouth, gravel bar. 

8, 1pewi.k River, stream deposit, about 3/b mile downstream from mouth of 
North Fork and 31 miles NIJE of Chariot s i te .  

2. East Fork of Ipetrik Ever ,  high-water stream deposit a t  base 
of willow clump, about b-7 r iver  miles upstream from 
confluence with North Fork. 


