
USGS-474- 226 

lllllllillllll 
3 9980 00000 9917 

Ul!ITED STATES 
DJ:P ARTMr.NT OF TIU' I'in:RIOR 

GEOLOGICAL SURVEY 

Fodarnl Canter, Lakewood, Colorado 80225 

USGS-474- 226 

RADIOCHnllCAL MmllTORlNG OF WATT.R APTER THE CANNIKIN EVENT, 
AMCIUTKI\. ISLAND, ALM'KA, MAY 1974 

(Amchi tl<a- 45) 
Date Publishe d: t 'nrch 1976 

Pr11parnd Under 
AgrAement Mo. E(29- 2) 474 

for the 
Novada Oper~tionr, Off ico 

U.S. Energy Research and Dcv1,lopment Adminirltrntion 



NOTICE 

"Thie toport Willi propured as .tn account of work aponuorad by 
the Unitud Statn~ Govornmont, Neither the United Stn.tos not 
th~ Unitod Stacee Energy Roenarch and Dovolopmnnt AduU.nietra­
tion, nor nny of their amployooe, nor any o1 thl'1?' contractors, 
aubcontr.,ctort., or t:heit U11ployeos, makaa 1my warranty, express 
or impliud 1 or aeeutios ~ny lagel liability or ra.apounibility 
for the accuracy, complt1tnnueo or uen.fulnoee of any info't1Jlntion, 
appur11:uc, produtt or procaas dirJcloaed 1 or ruproeonts that it11 
uaa would not infr1ngo privately ownud rights." 

Printad in the Unitad States of America 
Avn l.Liblc from 

U. s. Depnrcmant of CommtJrcc 
Natiouul Tnchn1cal Information Service 

Springf ~eld, Virginia 22161 
Price: Printed Copy $ ~; Microfiche $2,25 

1· 50 
51- 150 

l51·-U5 
'326- 500 
5CU··l000 

NTIS 
Selling Price 

$ 4.00 
$ 5.45 
$ 7 oO 
SlO 60 
$13 . 60 



Am chi tka -4 5 
1976 

UNITED STATES 
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY 

Federal Center, Lakewood, Colorado 80225 

USGS-474-226 

RADIOCHEMICAL MONITORING OF WATER AFTER THE CANNIKIN EVENT, 
AMCHITKA ISLAND, ALASKA, MAY 1974 

By 

William Thordarson and Wilbur C. Ballance 



Amchitka-45 
1976 

UNITED STATES 
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY 

Federal Center, Lakewood, Colorado 80225 

USGS-474-226 

RADIOCHEMICAL MONITORING OF WATER AFTER THE CANNIKIN EVENT, 
AMCHITKA ISLAND, ALASKA, MAY 1974 

By 

William Thordarson and Wilbur c. Ballance 

ABSTRACT 

During May 1974, the U.S. Geological Survey collected water 
samples from Amchitka Island, Alaska . Tritium determinations were 
made on 99 water samples, and dissolved gross alpha and gross 
beta/gamma determinations were made on 34 water samples, No 
appreciable differences were found between the data obtained in 
May 1974 and the data obtained before the Cannikin nuclear 
explosion. 

INTRODUCTION 

Amchitka Island, Alaska, was the site for three underground 

nuclear detonations. The Long Shot event was conducted on 

October 29, 1965, the Milrow event on Oct ober 2, 1969, and the 

Cannikin event on November 6, 1971. 

The U.S. Geological Survey, on behal f of the U.S. Energy 

Research and Development Administration (f ormerly the U.S. Atomic 

Energy Commission), started water sampling of wells, streams, and 

springs on Amchitka Island in 1965 in order to establish pre­

nuclear explosion background levels of radioactivity, A long-term 

water-sampling network was developed in 1967 in order to observe 

possible effects of nuclear testing on the island. This network 

was expanded in September 1971 to include the drainage area 

surrounding the final nuclear explosion, the Cannikin event, and 
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to include off shore stations. The water-sampling network was 

sampled by both Teledyne Isotopes and the U.S. Geological Survey 

from 1967 through September 1971. The Geological Survey has 

done the water sampling since September 1971. 

The network stations were sampled in 1971 in September, 

November, and December; in 1972 in January, April, and October; 

in 1973 in August; and in 1974 in May and August. Future 

sampling will probably be once each year in August. 

The techniques and procedures used by the U.S. Geological 

Survey for collecting, identifying, and analyzing water samples 

are described in previous reports (Beetem and others, 197la, 

197lb; Schroder, 1971). 

Radiochemical and chemical data, obtained by the U.S. 

Geological Survey from 1965 through 1973, were presented in 

previous reports (Beetem and others, 197la, 197lb; Schroder 

and Ballance, 1972a, 1972b, 1973a, 1973b, 1973c; Ballance, 

1974). This report presents the radiochemical data from water 

samples collected in May 1974. 

WATER SAMPLING NETWORK 

Water samples were collected from wells, streams, lakes, 

springs, and seeps. Seawater samples were collected both at 

the shoreline and off shore. At each offshore sampling station, 

water samples were collected from near the ocean bottom, two­

thirds of the distance from the surface to the bottom, one-third 

of the distance from the surface to the bottom, and surface. 

Figures 1, 2, and 3 show the locations of the sample 

collection sites. The sampling sites in figures 1, 2, and 3 

have reference numbers that are identified in tables 1, 2, and 3. 

Table 1 presents the radiochemical-sampling stations and types of 

radiochemical analyses performed on the freshwater samples and 
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Table 1,--Radiochemical-samEling stations 1 Amchitka Island. 
Alaska 

(A. analyzed for gross alpha, gross beta/gamma, and tritium; 
T, analyzed for tritium only; N, not collected) 

May 1974 
!dent. Ref. Other identifying name sampling and 

no, no. type of 
analyses 

PR93-57 1 Precipitation at South Hanger N 
LK94-62 2 Lake 145 A 
SP94-56 3 Constantine Spring A 
OB96-58 4 Bering Sea T 
OP96-51 5 Pacific Ocean T 

LK96-57 6 Jones Lake A 
ST96-51 7 Clevenger Creek at road A 
ST97-51 8 Clevenger Creek at gage A 
LK97-52 9 Lake B-1 A 
WE97-51 10 Well W-13 A 

ST97-51A 11 Stream B-6 T 
OP97-50 12 Pacific Ocean T 
ST97-50 13 Midden Creek A 
SE98-51 14 Seep B-13 T 
SE98-51A 15 Seep B-18 T 

WE98-51C 16 Well W-17 A 
LK98-51B 17 Lake B-3 A 
LK98-52A 18 Lake B-4 A 
WE98-51K 19 Well w-11 A 
LK98-51 20 Lake B-2 A 

LK98-51A 21 Lake B-2A A 
LK98-53 22 Silver Salmon Lake A 
OB99-54 23 Bering Sea T 
ST00-51 25 Stream A-7 A 
LKOO-SlB 26 Lake A-6 A 

LK00-51A 27 Lake N 
WE00-51E 28 Well No, lOC T 
WE00-51F 31 Well No, SA T 
LK00-51 32 Lake N 
ST00-51B 33 Long Shot drainage ditch, A-2 A 
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Table !.--Radiochemical-sampling stations, Amchitka Island, 
Alaska--Continued 

(A, analyzed for gross alpha, gross beta/gamma, and tritium; 
T, analyzed f or tritium only; N, not collected) 

!dent . Ref. 
no . no. 

LK00-51D 34 
OB01-52A 35 
STOl·-51 38 
STOl-52 39 
SEOl-52 40 

ST01-51A 41 
LK02-46 '•2 
LK03-45 43 
LK03-47 44 
LK04-46C 45 

LK04-46D 46 
ST04-47A 47 
LK04-46B 48 
LK04-46F 49 
LK04-46E 50 

Other identifying name 

Long Shot mudpit, A-3 
Bering Sea (F-11) 
Stream at weir 2 
Stream at weir 1 
Seep 3 

Bridge Creek at gage 
Lake C-2 
Lake 
Lake 
Lake 

Lake 
Whi te Alice Creek 
Lake 
Lake 
Lake 

ST04-47 
OBOS-47 

51 White Alice Creek at gage 

ST05-47 
LKOS-46 
0B05-46 

LK05-45 
ST07-40 
ST09-36 
LK14-36 

WE03-46 

52 Bering Sea at outlet of White 
Alice Creek 

53 Stream 
54 Lake 
55 Bering Sea north of UA-1-HTH-l 

56 Lake 
57 Falls Creek at gage 
58 Limpet Creek at gage 
59 Lake E-2 

HTH-3 

7 

May 1974 
sampling and 

type of 
analvses 

A 
T 
A 
A 
N 

A 
A 
A 
A 
A 

N 
N 
N 
N 
A 

A 
T 

A 
A 
T 

A 
A 
A 
A 

T 
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Table 2.--Radiochemical analyses of water samples collected on Amchitka Island, Alaska, ~'.By 1974 

(Gross beta/gamma as cesium-137 reported in picocuries per litre, gross alpha as natural uranium 
equivalent in micrograms per litre, and tritium in picocuries per litre; <, less than) 

!dent. Ref. Latitude :.; • Lonr,itu~e E. Date Gross 
Gross Time bet;;/ Tritium no. no. 

Deg. I ~lin. I Sec. Der,. I Hin. I Sec. •10. loay [ Yr. 
alpha grmma 

--
];./ LK94-62 2 51 22 37 17Cl 20 25 05 21 74 1945 9.2 4.9 <480 !/ SP94-56 3 51 22 43 179 14 5~ 05 21 74 11)01) fi. 2 <2.5 <480 
f~OB96-58 4 51 24 Oil 17q 16 32 05 21 71, 1925 -- -- <430 
- OP%-51 5 51 24 09 179 10 17 05 23 74 0755 -- -- <430 
ll LK96-57 6 51 211 11 179 16 "~ 05 21 74 1'115 5.~ 4.1 <480 

!/ 5196-51 .. 51 24 16 179 10 19 fl5 23 74 0745 7.9 13 <480 
t~ 5197-51 

I 

8 51 24 35 179 11 no 05 23 74 l'l2'1 5.4 18 <480 
- LK97-52 9 51 24 43 179 11 15 05 23 74 1010 5.2 <1.5 <40ll 

WE97-51 10 51 24 50 17Q 10 58 05 211 74 1020 5.5 8.6 <480 
ST97-51A 11 51 24 51 179 10 55 n5 24 71, 1'>20 -- -- <480 

J/ OP97-50 l:;! 51 24 52 179 Q9 44 05 23 74 073(1 -- -- <480 
]} ST97-50 13 51 24 53 179 09 /jQ 0'5 23 74 0725 6.1 2.7 <4!10 

SE9ll-51 lli 51 24 56 179 10 58 05 24 74 1201' -- -- <480 
SE98-51A 15 51 24 56 179 10 56 05 24 74 1015 -- -- <4SO 
\IB9ll-51C 1f, 51 24 57 171) 11 03.5 05 24 74 1030 5.1 2.7 <480 

1J Ll•9B-51Il 17 51 25 01 170 10 51 05 23 74 0940 ~.2 J.7 <48(\ 
J:/ LK98-52A 18 51 25 03 179 11 3f 05 23 71. 1001) ~.n 2.0 <480 

HE08-51K Fl 51 25 04.5 17Cl 10 55 05 23 74 0°45 9.0 3.3 <490 
ll LK9S-51 20 51 25 08 17l) 10 59 fl5 23 74 0°35 5.9 1.9 <480 

LKIJS-51A 21 51 25 12 179 in 5Cl 05 23 74 0!.':!5 5.n 2.0 <480 

ll Ll~98-53 22 51 25 17 lJIJ 1:? 48 n5 23 74 1400 8.0 <1.6 <480 
OB99-54 23 51 25 31 171J 13 28 05 23 74 1350 -- -- <460 
ST00-51 25 51 26 11 179 11 11 05 23 74 0920 4.3 <1.1 <480 
LK00-51B 26 51 26 12 179 !(\ 47 05 23 711 0905 7.0 1.5 <480 
WE00-51E 28 51 26 15 179 10 5<'1 05 23 74 0900 -- -- l.2xl05 
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Table 2.--Radiochemical analyses of water sanples collected on Amchitka Island, Alaska, May 1974--Continued 

(Gross beta/ gamma as cesium-137 reported in picocuries per litre, gross alpha as natural uranium 
equivalent in micrograms per litre, and tritium in plcocuries per litre; <, less than) 

Ident. Ref. Latitude t: . Longitude F.. Jlate Gross Gross 

Deg. lnin. \sec. lttin. lsec. loay \ Yr. 
Time beta/ alpha no. no. Deg. Mo. gamma 

~·!J'C0-51F 31 51 26 17 170 10 58 05 23 111 0615 -- --
ST0()-51B 33 51 26 lS 17!' 11 04 05 22 111 1705 6. 4 7.4 
LIW0-51D 14 51 26 l R 179 11 fl! ')5 22 1l1 1700 3.8 <1.8 

/B01-52A 35 51 2f 22 179 11 59 ()5 22 74 1M5 -- --
1. ST0!-51 38 51 26 37 171'1 10 47 05 22 74 1605 5.1 <1.1 

1/~0l-52 3~ .51 26 1.5 179 11 32 05 22 74 1630 J.e <Lf; 
.!/ST01-51A 41 51 26 54 179 10 51 05 22 74 0750 6.6 2.2 

LK02-46 42 51 27 37 179 06 32 05 22 74 1050 5.7 <,8 
1ftK01-45 43 51 2fl rs 179 05 26 05 :?2 71, 1015 4.6 <,8 

LK03-47 44 51 :?ll 03 179 07 12 05 22 74 0900 8.8 2.8 

LK04-46C 45 51 2e l'l 179 06 42 05 22 74 0830 4.7 5.7 
l/LKOl1-4fl: 50 51 28 36 179 06 50 05 22 71, 0945 /J. 9 1.9 
- ST04-47 51 51 23 41 179 07 31, 05 23 74 15l'l ". 4 4.1 

11
ono5-47 52 51 2/J 47 179 07 35 05 23 711 1500 -- --

- STOS-117 53 51 2B 47 170 07 Hi 05 22 76. 0950 4.0 4.5 

L!~05-li6 51, 51 2S 57 179 06 23 05 22 71, 1035 6.6 <1.1 
OD05-46 55 51 29 or> 179 06 47 05 23 74 153" -- --
LK05-45 56 51 29 01 179 1)5 55 05 22 74 11')30 5.1 <l. 3 

l/ST07-40 57 51 3(1 04 179 01 01 05 21 74 144'l 4.3 <1.5 
1,/sro9-36 53 51 31 32 171l 58 21: 05 2J 74 1321) 5.1 2.0 

LY.l/1-36 59 51 33 SR 173 56 23 05 22 74 1335 5.0 <.8 
WEOJ-46 H!ll-J 51 28 08 179 06 lt5 05 23 74 0945 -- --
-

lf ctations sa111Pled for gross beta/ga111111a and gross alpha in Hay 1974 and prior to Cannikin event 
(Beetem and others. 1971a). 

Tritium 

l.lx104 
1.Jxl03 
4. Rxl03 

< 4!3rt 
<480 

<41l" 
<480 
<l.80 
<41l0 
<480 

<48C 
<480 
<480 
<4CIJ 
<!180 

<481) 
<480 
<480 
<430 
<480 

<4Rfl 
<480 



Ref, 
no, 

68 
68 
68 
68 

65 
65 
65 
65 

67 
67 
67 
67 

66 
66 
66 
66 

69 
69 
69 
69 

72 
72 
72 
72 

71 
71 
71 
71 

70 
70 
70 
70 

Table 3.--Tritium analyses of seawater samples collected near 
Amchitka Island, Alaska, May 1974 

Sta- Latitude N, Longitude E, Date 
!dent. tion 

Depth 
no, no.y Deg. Min, Sec . Deg, Min. Sec. Ho, Da. Yr. (metres) 

0803-54 2 51 27 36 179 13 00 05 27 74 0 
0803-54 2 SI 27 36 179 13 00 05 27 74 22 
0803-54 2 51 27 36 179 13 00 05 27 74 44 
0803-54 2 51 27 36 179 13 00 05 27 74 66 

0801-55 3 51 26 36 179 14 18 OS 27 74 0 
0801-55 3 51 26 36 179 14 18 05 27 74 5 
0801-55 3 51 26 36 179 14 18 05 27 74 10 
0801-55 3 51 26 36 179 14 18 OS 27 74 17 

0802-55 4 51 27 06 179 14 09 05 27 74 0 
0802-55 4 51 27 06 179 14 09 05 27 74 15 
0802-55 4 51 27 06 179 14 09 OS 27 74 30 
0802-55 4 51 27 06 179 14 09 05 27 74 46 

0802-56 5 51 27 00 179 15 18 05 27 74 0 
0802-56 5 51 27 00 179 15 18 05 27 74 29 
0802-56 5 51 27 00 179 15 18 05 27 74 58 
0802-56 5 51 27 00 179 15 18 05 27 74 86 

0805-48 10 51 29 15 179 08 32 05 27 74 0 
0805-48 10 51 29 15 179 08 32 05 27 74 7 
0805-48 10 51 29 15 179 08 32 05 27 74 14 
0805-48 10 51 29 15 179 08 32 05 27 74 21 

0807-46 11 51 30 00 179 06 30 05 27 74 0 
0807-46 11 51 30 00 179 06 30 05 27 74 8 
0807-46 11 51 30 00 179 06 30 05 27 74 16 
0807-46 11 51 30 00 179 06 30 05 27 74 24 

0806-47 14 51 29 30 179 08 30 05 27 74 0 
0806-47 14 51 29 30 179 08 30 05 27 74 26 
0806-47 14 51 29 30 179 08 30 05 27 74 52 
0806-47 14 51 29 30 179 08 30 05 27 74 78 

0805-48 15 51 29 15 179 08 45 05 27 74 0 
0805-48 15 51 29 15 179 08 45 05 27 74 14 
0805-48 15 51 29 15 179 08 45 05 27 74 28 
0805-48 15 51 29 15 179 08 45 05 27 74 52 

10 

Tritium 
(pico-
curies 
per litre) 

S8 
48 
61 
51 

32 
16 
16 

120 

48 
42 
96 
54 

51 
45 

120 
61 

22 
32 
45 
38 

150 
83 

130 
180 

74 
83 
16 
29 

22 
32 
32 
32 



Ref. 
no. 

61 
61 
61 
61 

60 
60 
60 
60 

63 
63 
63 
63 

62 
62 
62 
62 

64 
64 
64 
64 

Table 3.--Tritium analyses of seawater samples collected near 
Amchitka Island, Alaska, May 1974--Continued 

Sta- Latitude N. Longitude E. Date 
Ident. tion Depth 
no, 

no.1/ 
Deg. Min. Sec. Deg. Min. Sec. Mo. Da. Yr. (metres) 

OP94-49 6 51 23 06 179 08 30 05 26 74 0 
OP94-49 6 51 23 06 179 OB 30 05 26 74 11 
OP94-49 6 51 23 06 179 08 30 05 26 74 22 
OP94-49 6 51 23 06 179 08 30 05 26 74 33 

OP93-47 7 51 22 42 179 06 54 05 26 74 0 
OP93-47 7 51 22 42 179 06 54 05 26 74 18 
OP93-47 7 51 22 42 179 06 54 05 26 74 36 
OP93-47 7 51 22 42 179 06 54 05 26 74 51 

OP98-44 8 51 25 12 179 04 18 05 26 74 0 
OP98-44 8 51 25 12 179 04 18 05 26 74 10 
OP98-44 8 51 25 12 179 04 18 05 26 74 20 
OP98-44 8 51 25 12 179 04 18 05 26 74 30 

OP94-42 9 51 24 DO 179 03 00 05 26 74 0 
OP94-42 9 51 24 00 179 03 00 05 26 74 26 
OP94-42 9 51 24 00 179 03 00 05 26 74 52 
OP94-42 9 51 24 00 179 03 00 05 26 74 77 

OP00-42 16 51 26 30 179 03 00 05 26 74 0 
OP00-42 16 51 26 30 179 03 00 05 26 74 10 
OP00-42 16 51 26 30 179 03 00 05 26 74 20 
OP00-42 16 51 26 30 179 03 00 05 26 74 30 

Tritium 
(pico-
curies 
per litre) 

64 
54 
77 
67 

58 
64 
67 
35 

38 
35 

130 
190 

58 
19 
22 
16 

180 
74 
83 
77 

Ystation numbers were originally assigned by the Laboratory of Radiation 
Ecology, College of Fisheries, University of Washington during the 
Amchitka Pacific Apollo Cruise, August 5 to 11, 1971. 
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the shoreline seawater samples. Table 2 presents the results of 

radiochemical analyses, and table 3 presents the tritium data 

obtained from offshore seawater sampling stations. 

RESULTS 

The data obtained from analyses of freshwater samples 

collected on the island and seawater samples collected at the 

shoreline are presented in table 2. In 34 freshwater samples, 

the dissolved gross alpha activity reported as natural uranium 

equivalent in micrograms per litre (µg/l) ranged from less than 

0.8 to 18 µg/l. Before the Cannikin explosion, a range of less 

than 0.4 to 70 µg/l was found in samples from 54 freshwater 

stations on Amchitka (Beetem and others, 197la). Nineteen of 

the freshwater stations sampled in May 1974 were also sampled 

prior to the Cannikin event. The May 1974 samples from these 

19 stations ranged from less than 0.8 to 18 µg/l. Before the 

Cannikin explosion, 19 samples from the same stations ranged 

from less than 0.6 to 21 µg/l in dissolved gross alpha 

activity (Beetem and others, 197la) . 

The dissolved gross beta/gamma activity that is reported 

as Cs-137 equivalent in picocurias per litre (pCi/l) ranged 

from 3.8 to 9.2 pCi/l for the 34 freshwater samples from the 

May 1974 sampling (table 2). Before the Cannikin explosion, 

a range of less than 1,0 to 36 pCi/l was found in samples from 

54 freshwater stations on Amchitka (Beetem and others, 197la), 

The May 1974 samples from 19 freshwater stations ranged from 

3.8 to 9.2 pCi/l, Before the Cannikin event, samples from the 

same 19 stations ranged from 1.2 to 22 pCi/l in dissolved 

gross beta/gamma activity (Beetem and others, 197la), 

Tritium analyses of freshwater and shoreline seawater 

samples (table 2) were made using the liquid scintillation 

counting technique. The minimum tritium-detection level using 

12 



this method is 480 pCi/l. Offshore seawater samples (table 3) 

were analyzed using electrolytic enrichment coupled with liquid 

scintillation counting techniques. The minimum detection level 

using this method is about 16 pCi/l. 

Freshwater samples having detectable (greater than 

480 pCi/l) tritium activity were those collected at the Long 

Shot site (reference numbers 28, 31, 33, and 34 in table 2). 

The tritium activity found in water at the Long Shot site is 

consistent with the activity found after the Long Shot event 

and prior to the Cannikin event. The greatest tritium values 

at the Long Shot site prior to the Cannikin event ranged from 

7,400 pCi/l, February 1970, in a mudpit at the site to 

300,000 pCi/1, August 1970, in a drill hole at the site 

(Beetem and others, 197la). Tritium values determined 

for water samples from these locations in May 1974 were 

4,800 and 120,000 pCi/l, respectively. 

Sampling and analyses of seawater around Amchitka (fig. 3) 

are intended to detect contaminated ground water that may have 

been discharged into the ocean. Tritium activity in seawater 

samples prior to the Cannikin explosion ranged from 

45±3 pCi/l to 350±9 pCi/l (Schroder and Ballance, 1973b). 

The tritium activity determined from resampling of these 

seawater stations in May 1974 after the cannikin explosion 

ranged from 16 to 190 pCi/l. 
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