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Preface

131The extensive coverage given to I and infant thyroid dosages subsequent to

nuclear device testing at the Nevada Test Site is sufficient evidence to indicate that

both preshot prediction and postshot documentation of the dosage to humans from

internal emitters were inadequate. So far as I is concerned, the postshot documen-

tation was partially corrected in 1957. However, this documentation capability was not

integrated with preshot prediction and as a result "surprises" occurred following the

July 1962 tests.

Whether or not such "surprises" could have been anticipated in July 1962 is at

this time academic. It is important to point out, however, that there is every reason

to believe that these "surprises" need not occur in future events if an adequate program

of preshot prediction is integrated with an adequate program of postshot documentation.

Off-site radiological safety programs should and can be conducted with the same degree

of planning and precision as laboratory experiments. Thus, preshot prediction should

not serve the sole purpose of preshot rad-safe analysis. Rather, it should also have

the function of guiding the postshot documentation by suggesting what to measure, where

to measure it, and the precision required in the measurement. Furthermore, the pre-

shot prediction program should feed on the postshot documentation results in order to

improve subsequent predictions.

There are two other points that appear to be obvious conclusions from previous

test results: (1) No radionuclide that is produced should be ignored until a critical

analysis demonstrates that it is insignificant, and (2) preshot predictions and postshot

documentation must encompass distances extending 2000 to 3000 miles from the site of

detonation.

The Information Integration Group of the Bio-Medical Division of this laboratory

has accepted the responsibility for developing this preshot predictive capability. This

UCRL-50163 series of reports presents our overall approach to predicting the dos-

age from each and every radionuclide that is produced in a nuclear explosion.

Part I of this series presents the approach we use to estimate the fallout levels

as a function of cloud travel time for periods up to 50 hr postdetonation. In Part II we

show how these fallout estimates can be combined with radionuclide production esti-

mates and biological uptake relationships in the terrestrial environment to arrive at

estimates of burden and dosage for man. Part III shows how this predictive approach

can supply guidelines for the design of nuclear devices for peaceful purposes. Part IV

is a handbook which lists the input parameters required for the estimation of dosage.

This part, Part V, presents our approach for predicting the dosage to man from aquatic

foodstuffs. Part VI discusses the transport of nuclear debris by surface and ground

water.

There are three questions that could be asked about the outcome of the detonation

of a nuclear device. It is essential that the reader recognize which of the three we are
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trying to answer and why we feel it to be the most appropriate. The three possible

questions are:

1. What is the worst situation that could develop?

2. What is the most likely situation that will develop?

3. What would be the situation if everything went off perfectly?

We choose to answer the first question and to direct our efforts to predicting the

worst case. However, in the process of answering the first question we can generally

answer the second. Quite obviously, the answer to the third question has no meaning

with respect to public health and safety.

We choose to answer the first question because we feel that only the worst case

should be compared with prescribed tolerances in a preshot rad-safe analysis. Fur-

thermore, only when we know the worst case can we establish an adequate system of

postshot monitoring to document the actual case and to insure that appropriate counter-

measures are instituted when and if needed. In other words, it is only by this approach
131that uncertainties concerning dosimetry, such as presently exist for I , can be

eliminated.

Furthermore, we are attempting a thorough analysis and are considering each

and every radionuclide on the chart of the nuclides. In this respect, our estimates may

indicate that a particular radionuclide is a hazard for one of two reasons: Either (1) it

will be a hazard because of what we know about it, or (2) it will be a hazard because of

what we don't know about it. If a pertinent relationship is not known for a particular

radionuclide, we make worst-case estimates of the relationship and hence maximize

our estimates of hazard. Nevertheless, despite its conservative nature, this approach

still allows us to eliminate most of the radionuclides from consideration and to indicate

those that are potentially the most hazardous. Obviously, it also allows us to estimate

the upper limit of the potential burden and dosage; but, due to the perversity of nature,

the precise dosage can only be determined by postshot documentation in the affected

areas.
131

It is obvious that had I been measured in milk during the early period of test-

ing, its dosimetry would not now be a problem. Thus, we wish to be able through our

predictive approach to indicate what should be measured, where it should be measured,

and with what precision it should be measured. There appears to be no other way to

insure unambiguous dosimetry for future events and to assure that the need for counter-

measures is recognized in time so that they can be planned for and instituted when and

if needed. The most appropriate countermeasures lie in device design, and this part of

the series, as well as Parts II and III, show how this predictive approach can supply

guidelines for the design of nuclear devices that might be used in the construction of a

sea-level canal.

Thus, this predictive approach is meant to serve three purposes:

1. In preshot rad-safe analysis, to determine whether or not a particular event

can be conducted without exceeding existing tolerances.
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2. In guidance for postshot documentation, to indicate what should be measured,

where it should be measured, and with what precision it should be measured.

3. In guidance for device design, to indicate the maximum amount of a radio-

nuclide that can be produced and subsequently released to the environment

without exceeding prescribed tolerances.
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PREDICTION OF THE MAXIMUM DOSAGE TO MAN
FROM THE FALLOUT OF NUCLEAR DEVICES

V. ESTIMATION OF THE MAXIMUM DOSE FROM
INTERNAL EMITTERS IN AQUATIC FOOD SUPPLY

Abstract

A method is described for estimating the maximum internal dose that could result

from the radionuclides released to an aquatic environment. By means of this analysis

one can identify the nuclides that could contribute most to the internal dose, and deter-

mine the contribution of each nuclide to the total dose. The calculations required to

estimate the maximum dose to an infant's bone subsequent to the construction of a sea-

level canal are presented to illustrate the overall method. The results are shown to

serve the basic aims of preshot rad-safe analysis and of guidance for postshot docu-

mentation. The usefulness of the analysis in providing guidance for device design is

further pointed out.

Introduction

The contamination of aquatic environments can logically be broken into three

categories: ground water, surface water, and marine. A subsequent report in this

series deals with the contamination of ground water. This report will treat both the

surface-water and marine aspects.

There are essentially three ways through which these aquatic systems can be

contaminated by the debris from a nuclear explosion: (1) direct contamination by an

explosion in or near the water such as in the construction of harbors or canals, (2)

transfer of the debris to the aquatic system as fallout in the atmosphere, and (3) trans-

fer of the debris to the aquatic system by erosion and runoff or by stream-bed erosion.

The atmospheric transport of the radioactive debris is discussed in Part I of this

series, and the aquatic transport is discussed in Part VI.

The purpose of this report is to present our approach for estimating the dosage

to man that could result from this aquatic contamination. The approach is basically
2

similar to that described in Part II of this series which deals with the dosage from

contamination of the terrestrial environment. By means of this analysis, the following

can be determined:

1 . The radionuclides that could contribute most to the internal dose in man can

be identified.
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2. The maximum internal dose to tissues and organs of man can be estimated.

3. Contributions of individual nuclides to this dose can be determined.

The biological exchangeable pool concept has been utilized for the analysis.

Using this approach, the passage of a radionuclide through the biosphere is presumed

to be governed by the same factors that govern the distribution of the related stable

isotopes within the biological exchangeable pool. It must be assumed, of course, that

the radionuclide is biologically no more available within the environment than the

related stable isotopes.

The overall method will be illustrated by presenting the calculations required to

estimate the maximum 30-yr internal dose to an infant's bone. It will then be shown

how the results can be used to fulfill the basic objectives relating to preshot rad-safe

analysis, postshot documentation, and device design as set forth in the Preface. Esti-

mates of the maximum dose to the whole body and various other somatic organs have

been made, but they will not be considered in this report since the estimated bone

dosage was shown to be the most critical in the example employed.

The Unit Rad Contamination (FA)

The basic relationship used in this report is F. , the unit rad contamination. F.

is the initial concentration of a radionuclide in water that would result in a 30-yr
3integrated dose of 1 rad. Its units are, therefore, fuCi/m /rad. The basic assumptions

in the derivation of F. are that the radionuclides equilibrate instantaneously within the

biological exchangeable pool exclusive of man and that man exists totally on a diet of

aquatic origin. These assumptions, in keeping with the objectives discussed in the

Preface, maximize the internal dose estimate from any aquatic contamination. The
2

equation used to determine F. is similar to that used in Part II of this series to cal-

culate Fj, the unit rad deposition on terrain. The equations for F.. were derived by
Q

Burton. The equation for F. is derived in an identical fashion by substituting aquatic
4values for terrain values. The following equation results:

F A = -Q-J - 2 0 . 8 / T -20.8/

where

5A T B ( T A - V
••'- T T

C A F

3
F. is the unit rad contamination in /uCi/m /rad,

Q is the energy in MeV absorbed in the tissue per unit disintegration,

C. is the stable element concentration in the water,

C,-. is the stable element concentration in the tissue resulting from an

aquatic diet,

(1)

- 2 -



and

T is the biological half-life in man's tissue in yr,
B

TV-, is the effective half-life in man's tissue in yr,

T. is the effective half-life in the water in yr.
Since T. is determined by the radiological decay rate of the radioisotope and the rate

of dilution of the aquatic system by uncontaminated water, it is quite site-dependent.

If the only mode of decay in the water is radiological decay, then T. = TR , the

radiological half-life. Since Tg = T
R

T
E / T

R ~ T
E< Ec5- J reduces toR

T
E / T

R
E<

R

-20.8/T \ / -20.8/T \
- e R ) - TE( l - e E)

(2)

When F. values based upon Eq. 2 are used, the assumption that T. = TR minimizes F.

and, hence, maximizes the estimates of dosage and hazard.

Actually, two values for F . should be employed, one for adults and one for in-

fants. The F d for the infants is the most restrictive. It is determined by assuming

that the infant instantaneously equilibrates with the environment. Since the newborn

infant experiences rapid growth, he will come into equilibrium with his diet (the

environment) much more rapidly than an adult. For the infant, Eq. 1 thus becomes:

- e

(3)

and Eq. 2 becomes

TR l l - e

(4)

The F. values for the infant based upon Eq. 4 are used in this report. It can be

seen that these values can be corrected for the aquatic half-life by using the ratio T_:

T R
- ;; 2 0 - 8 / T *

c

)

/ -20.8/T \ •

Equation 5 can be approximated, except for radionuclides of very long half-lives, by

(5)

T = T (6)
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Determination of Input Parameters

All the values for the parameters in Eq. 2, as well as the F. values for adults
4and infants, are listed in the Handbook portion of this series, Part IV, for all radionu-

clides with half-lives greater than 12 hr. Whenever the value of a particular param-

eter was not known, a wrorst-case value was assumed that would minimize F. and

hence maximize the hazard estimate. For example, if T p were not known, it was

assumed that Eqs. 3 and 4 applied. In some cases, values were based upon collateral

data; each of these cases is discussed in detail in the Appendix of the Handbook.

The ratio C./C^, is critical in the determination of F.. Therefore, it is appro-

priate to discuss the selection of the values for this ratio at this point.

THE CONCENTRATION IN WATER (CA)

The values for concentrations of various elements in the ocean as reported in the

literature often vary over orders of magnitude. Much of this difference can often be

accounted for as a difference between the open ocean and the continental shelf or an

estuarian area. The higher concentrations are reported for the latter which are abun-

dant with suspended material. Thus, this difference is often accounted for as the

difference between the "element in solution" and the total concentration. At the same

time, in those cases where there is a wide range in the concentration in the water, the

literature also demonstrates a proportionate range in the concentration in sea food. In

other words, the "element in solution" appears to be in equilibrium with suspended

material; hence, the total concentration is representative of the biological exchange-

able pool. Therefore, in each case we have selected the higher values since in any

peaceful application of nuclear explosives, such as harbors or canals, the continental

shelf or estuarian situation will be the area of interest.

In the case of fresh water, the differences in concentration often represent differ-

ences in the source of the water. Therefore, average values were selected for fresh-

water concentrations.

THE TISSUE CONCENTRATION FROM AN AQUATIC DIET

Many elements such as sodium and potassium are under homeostatic control

throughout an entire ecosystem. Consequently, only small changes can occur in the

concentration found in man's diet; these result in even smaller changes in the concen-

tration in the tissues of man. For many trace elements, this tight homeostatic control

does not exist at the levels normally encountered in the environment, and man's diet

and body concentrations will increase with increasing concentrations in the environment.

Indeed, the concentrations of such elements as selenium or arsenic will increase to
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toxic levels. Many elements will be 10 to 100 times more concentrated in aquatic diets

than in terrestrial diets; hence, the body concentrations of these elements could also

be expected to increase. Therefore, the tissue concentration from an aquatic diet,

CR, has been determined by

C* = C C* (7)
B B

where

and

C., is the tissue concentration from a normal diet

„* . . . ,. . . ,. / aquatic
C is the ratio of concentrations ( t e r r e s t r i a l

: diet \
ial diet j'

The concentrations selected for the aquatic diet reflect those of the continental

shelf and estuarian areas. Therefore, they account for the differences in C. noted

above and lead to an appropriate C^/C'-L ratio. In keeping with the conservative aspects

of the analysis, if C" < 1, it was set equal to 1. This would account for those situa-

tions where a trace element is essential and the body can compensate for a lower intake.

MODIFIED FA FOR MIXED DIETS

The Handbook lists the values of F. only for a population existing totally on an

aquatic diet. These can be modified in a straightforward manner to handle any dietary

mix by the relationship

F^ = C1 FA (8)

where

FA is the modified F.

and

C1 is a correction factor that includes a factor for the dietary

mix and a correction of C*.

The value of C1 is determined by the relationship

(9)
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where

I. and I™, represent the daily intake of an element from the mixed

aquatic and terrestrial sources respectively

and

1^ represents the standard terrestrial intake used in

calculating C*.

The IA/l'» + 1^ term i n E(4- 9 determines the fraction of the daily intake fromA A 1
aquatic sources. The other term corrects C* for this dietary mix (this term should be

limited to values between C'~ and 1). The Handbook lists values for the concentrations

in terrestrial plants and meats, and in edible portions of marine and fresh water plants,

invertebrates, and fish. Thus C can be calculated for any dietary mix.

Estimated Maximum Dose (EDA)

The estimated maximum dosage (EDA) from a particular radionuclide is
3 3

obtained by dividing the aquatic contamination injuCi/m by the F. (/uCi/'m , rad) .
Alternatively, we can write

(ECA).
(EDA). = ( p } (10)

where

(EDA). is the estimated dose from an aquatic diet for radionuclide i in rad,

and

(ECA). is the estimated contamination of the aquatic environment by
1 3

radionuclide i in /uCi/m .

The total dosage for a particular contamination is then determined by summing the dos-

age from all radionuclides.

Estimated Aquatic Contamination (ECA)

The aquatic environment can be contaminated by three processes : (1) by fallout

of atmospheric debr is , (2) by mixing of the water with the debris in the cra ter created

by the nuclear explosive, and (3) by transfer of the debris to the aquatic system by

erosion and runoff.
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During the process of forming a crater with nuclear explosives the radionuclides

produced are mixed with a certain mass M^ of rock material. A fraction of this mass,

less than 20%, is released to the atmosphere as fallout debris, both close-in and long-

range fallout. Up to 90% of the material is deposited in the crater or in the immediate

vicinity of the crater where it is subject to the above processes (2) and (3).

Now, if it is assumed that a fraction f of this entire mass Mc of crater material

comes into equilibrium with the aquatic system by any or all of the above processes,

then the estimated contamination is

K

where

(ECA). = fM c (C s ) + V(CA)

P. is the production of radionuclide i in juCi,

C. is the concentration of the stable isotopes of i in the water
. 3

system in g/'m ,

Mn is the mass in g of the crater rock material with which i is mixed,

C(-, is the concentration of the stable isotopes of i in the rock mass in g/g,

3
V is the volume of the aquatic system in m ,

and

MQ is the mass in g of the bottom sediment of the aquatic system that
o

is in equilibrium with the water.

Equation 11 assumes that the radionuclides and stable elements in the debris are

equally as available as the elements in the biological exchangeable pool of the aquatic

system. In other words, the crater debris is considered equivalent to the bottom sedi-

ments and suspended and dissolved materials of the aquatic system. The determination

of f from atmospheric fallout is discussed in Part I of this UCRL-50163 series and f
o

for the other two processes is discussed in Part VI. The value suggested for Mn is
13 9

approximately 10 g per Mt of total yield. This value appears reasonable when com-

pared with data from the Sedan Crater. '

The term Mq is related to the area of the aquatic system and the depth of the

bottom sediment with which the water is in exchange equilibrium.

M s = A d p (12)
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where
2

A = the area of the aquatic system in cm ,
d = the sediment depth in cm,

and
3

p = the sediment density in g/cm .

The Aquatic Half-life (TA)

In estimating T., the rate of disappearance of the radionuclide from the combina-

tion of the aquatic system and its associated sediment mass must be considered.

Neglecting radiological decay, this can be estimated by

dP.
-^ = -k(ECA). (13)

where
3

k is the rate of exchange of water in the aquatic system in m /yr.

Substituting Eq. 11 for ECA leads to

dP x -kCA
I _L £±

dt fP. " fMc(Cg) + V(CA)

T, is thus obtained by dividing the above rate constant into 0.693:

"fM(C<J + V(C.)
b A . „ ( 1 5 )

and then correcting for radiological decay

TR (TA).
T R

(16)

Example: Sea-level Canal

To illustrate how this predictive approach can be used to meet the objectives dis-

cussed in the Preface, this section presents estimates of the potential dosage to man

that could result from the construction of a sea-level canal across the Isthmus of

Panama with nuclear-explosive devices. For this example we have selected Route 17,
12

the Sasardi-Morti route. Figure 1 shows the location of the route.



NICARAGUA CARIBBEAN SEA

EXISTING
PANAMA

CANAL
COSTA RICA

ROUTE 8
NICARAGUA
COSTA RICA

PACIFIC
OCEAN

COLOMBIA

ROUTE 17
CALEDONIA BAY
(SASARDI-MORTI)

PANAMA

ROUTE 25
ATRATO-TRUANDO

COLOMBIA

Fig. I. The four major potential sea-level canal routes.

Dosage estimates will be made for contamination of the Gulf of Panama on the

Pacific terminus of the canal. Since this represents a comparatively small and some-

what isolated body of water, it is to be expected that these dosages will equal or exceed

that for the Caribbean terminus.

RADIONUCLIDE PRODUCTION

13The detonation program for this route includes 14 separate crater explosions.

Thirteen of the explosions will have yields of about 10 Mt each, and one will have a

yield of 35 Mt, a total yield of 165 Mt. The explosive devices will be thermonuclear in

nature; hence, there will be three sources of radionuclide production: (1) fission

products, (2) activation products of device materials, and (3) activation products of the

rock in which the device is detonated. In addition to these, tritium is produced. Tritium

is considered separately at the end of this section.

The fission-product production will depend upon the fission/fusion ratio of the

devices. At this time, this ratio is classified. In the subsequent dosage estimates,
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239 14

we shall assume a fission yield from Pu of 10 kt per Mt of total yield. The

fission-product yields listed by Weaver were then used in the calculations.

Determination of the activation products from device materials requires access

to the classified data on device design and, hence, will not be considered in this report.

The nature of these activation products and our approach toward estimating their pro-

duction is discussed in Part III of this UCRL-50163 series.

The activation products derived from the rock materials depend upon the

fraction of the neutrons released by the device to the environment and their

energy distribution. This also depends upon the device design as well as upon

the amount of nonactivating neutron absorber (blanketing) placed around the

device. In the subsequent dosage estimates, we shall assume that 10 moles of
24

neutrons (6X 10 ) are released to the environment per Mt of yield. The
data of Ng on neutron activation of granite are then used for the radionuclide pro-

1 n

duction estimates.

It is important to point out that the subsequent dosage estimates are based upon

the above assumptions of 10 kt of fission and 10 moles of neutrons per Mt of total yield,

and that the actual dosage estimates will depend upon the device design and emplace-

ment techniques. Nevertheless, when these dosage estimates are compared with

acceptable tolerances, they will supply the necessary guidelines for device design and

emplacement. Depending upon whether or not the dosage estimates represent accept-

able levels, the assumptions represent acceptable or unacceptable design criteria. In

addition, the dosage estimates will point out those radionuclides that represent the

greatest potential hazard.

DETERMINATION OF ECA

Since the Gulf of Panama lies at a terminus of the canal, it would be expected to

be contaminated by all three processes: fallout, surface runoff, and crater flushing.

FTence, all three processes will contribute to the value of f in Eq. 11. Two dosage

estimates will be presented, for f = 1 and f = 0.1 . It is reasonable to assume that f

would actually be somewhat larger than 0.1, since in the construction plan considered

here, some 30 Mt would be used to construct craters that would be contiguous with
12

San Miguel Bay. However, it w

of 2 as f changes from 1.0 to 0.1.

12
San Miguel Bay. However, it will be seen that the dosage changes by only a factor

13 15
Using the value suggested, 10 g, Mt, the total ! „ in Eq. 11 is 1.6t> X 10 g for

the canal project. A reasonable estimate for the volume of the Gulf of Panama (V in
12 3

Eq. 11) is 10 m . Since there is a salinity gradient in the Gulf (indicating less than
17 13

complete mixing) this volume may be an over-estimate. ' However, choosing a

smaller volume would not change the dosage estimates, since the M(-,(CC.) and Mc,(Ct,)

terms in Eq. 11 dominate the expression for the majority of those radionuclides singled

out as contributing the bulk of the total dosages.
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The Gulf of Panama has a salinity gradient, indicating that it is not a well mixed

body of water and that only the bottom sediments of a narrow region of the shoreline

would be in exchange equilibrium with the surface waters. Consequently, it is reason-

able to assume that a large fraction of the sediment that determines the value of Mc in
o

Eq. 11 is contained in San Miguel Bay, which forms the actual terminus of the canal.
12San Miguel Bay is a rather shallow body of water with an extensive mud-flat area.

Its surface area is roughly 8 X 10 m . If it is assumed that the first 5 cm (2 in.) of

sediment are in exchange equilibrium with the water and that the sediments are 50%
3

water and 50% soil of density 2.5 g/cm , then MQ for the bay as given by Eq. 12 is
135 X 10 g. Then, if an equal value is assumed for Mc of the Gulf of Panama, a total

14Mo of 10 g results. The data of Pomeroy suggest that the value selected for the
19 14

San Miguel Bay is reasonable. Overall this value of 10 g would appear to be a

reasonable, yet conservative, value for M,,. By conservative we mean that the actual

value may be somewhat larger, hence this value may overestimate the dosage. How-

ever, a 4-fold increase in Mc would lower the dosage estimates by only a factor of 2
14

when f = 0.1. (This occurs because the f X M r term is 1.65 X 10 g.) To increase the
dosage estimates, both M« and Mo would have to be overestimated in these calculations.

In summary then, the following values have been used to estimate ECA by Eq, 11:

f =0.1 and 1.0; the actual value of f is expected to be approximately 0.1,

M c = 1013 g/Mt or 1.65 X 1015 g for the canal,

V =10. m ,

Mo. = 1014 g,

and

P° = 10 kt of fission per Mt of total yield, a total of 1650 kt, and 10 moles

of neutrons released to the environment per Mt of yield, a total of

1650 moles.

DETERMINATION OF TA AND T c

During the months of January through March, persistent northerly winds blow
17 1 fi

across the Gulf of Panama. ' As a result, the surface water is blown southward,

and marked upwelling occurs in the Gulf. It is estimated that the upper 40 m of sur-

face water is displaced in this manner. Consequently, in estimating TA by Eqs. 15
12 ^

and 16, k was set equal to the volume used for the Gulf, namely 10 nr'/yr and T~
was then determined by applying Eq. 6.
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EDA FOR INFANT'S BONE

Only the dosage estimates for infant's bone are presented here, since the

calculations revealed that they were the highest among dosage estimates for the whole

body and various tissue (kidney, liver, spleen, ovaries, tes tes , and gastrointestinal

tract).

The dosage estimates for fission products are presented in Table I, and those

for neutron-activation products of granite are presented in Table II. Only those con-

tributing the most to the total dosage are listed. Estimates are presented for both

f = 0.1 and f = 1.0. T-, values are presented only for the f = 0.1 cases. Only those

Table I. EDA for infant bone from fission products in the canal example (TR > 7 days).

Sb

Sb

Cd

Ru

Sb

T e

Y

Ru

Cd

T e

C e

C s

C s

P m

Sn

S r

S r

Ag

C e

Sn

B a

Sn

Eu

Z r

Sn

Sn

Radionuclide
Z

51

51

48

44

51

52

39

44

48

52

58

55

55

61

50

38

38

47

58

50

56

50

63

40

50

50

A

126

125

115m

106

124

129m

91

103

113m

127m

144

137

136

147

125

90

89

111

141

12 3m

140

117m

156

95

119m

121m

T R
(days)

12.5

985

4 3

365

60

33

59

40

5,110

105

285

11,000

13

985

9

10,200

50

7 . 5

33

125

13

14

15

65

2 5 0

9,130

f = 1

2540

1540

780

960

4 90

1720

140

320

120

400

70

80

70

14

17

60

44

27

6

7

3

3

0

0

0

0

0

. 9

. 6

. 8

.7

Estimated

T R < 150

1030

330

200

200

90

70

50

40

6

5

4

4

2 . 5

2

1

0 . 6

0 . 4

dose (rad)
f = 0.1
T R > 150

630

2 1 0

50

50

40

10

6

0 . 3

0 . 3

T

1.0

0 . 3

1 .0

0 . 5

1.0

1.0

1.0

1 .0

0 . 1

1.0

1.0

0 . 1

1 .0

1 .0

1 .0

0.03

1.0

1.0

1.0

1.0

1. 0

1.0

1.0

1.0

0 . 6

0 . 1
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Table II. EDA for infant bone from granite activation products in the canal example
(TR > 7 days).

p

Cs

Co

Eu

Zn

Sc

Bi

Mn

Ta

Sb

Dy

In

Ir

Eu

z

15

55

27

63

30

21

83

25

73

51

66

49

77

63

Radionuclide
A

32

134

60

152

65

46

210

54

182

124

159

114m

192

154

T
R

(days)

14

767

1920

4530

245

84

8030

303

115

60

144

50

74

5840

f = 1.0

430

8

3

3

4

1.6

3.7

0.7

0.6

0.6

0.3

0.24

0.7

0.2

Estimated

T D < 150n

230

1

0.4

0.3

0.2

0.16

0. 15

dose (rad)
f = 0.1
T D > 150

4

2

2

2

0.6

0.5

0.13

Tc

1.0

0.5

1.0

1.0

0.7

1.0

0.05

1.0

1.0

1.0

1.0

1.0

1.0

1.0

radionuclides with half-lives of 1 week or greater are listed, since these will be less

compromised by the assumption of instantaneous equilibration in the aquatic foodstuffs.

Furthermore, two columns are tabulated for the f = 0.1 case, one for TR < 150 days,

and one for TR > 150 days. The dosages listed under TR < 150 days would still be

compromised by this assumption and lead to dosage estimates that in some cases are

high by an order of magnitude.

ESTIMATED DOSAGE FROM TRITIUM

Tritium is one of the major radionuclides produced in a thermonuclear explosive.

Production estimates range from 7 X 10 to 5 X 10 Ci/Mt. Using the larger value,

there would then be 8.3 X 10 fjCi produced in the Canal project.
Q 3

Setting f = 1 in Eq. 11 would lead to an EGA for tritium of 8.3 X 10 juCi/m .
3

Since F. for tritium is 640 ijCi/m , the estimated dosage would be 13 rad. With f = 0.1,

the estimated dosage would be 1.3 rad. Considering that T. is 1 yr, these dosage esti-

mates should be reduced by a factor of 13. The dosage estimate for tritium in the Gulf

of Panama would then, depending upon the actual value of f, be between 0.1 and 1.0 rad.

The dosage from tritium would be higher in the rivers and San Miguel Bay where the

-13-



dilution volume is smaller. For example, Koranda's data demonstrate that kangaroo

rats in equilibrium with plants growing on the cjccta from Sedan Crater are receiving
20

dosages ranging from 18 to 2 68 rad/yr ."

INTERPRETATION OF THE DOSAGE ESTIMATES

As was stated previously, these dosage estimates are dependent upon the assump-

tions used in the calculations. Nevertheless, the radionuclides singled out by these

estimates represent the most critical radionuclides. For some of the radionuclides

listed in the tables, the estimated dosage results , at least in part, from "what we

don't know." This is the case for antimony, which heads the list of fission products.

But, as stated in the Preface, until actual data are available to replace the worst-case

assumptions, these estimates represent the best assessment of the hazard and should

be applied in preshot rad-safe analysis.

In interpreting these estimates with respect to guidance for postshot monitoring,

one important point should be made; this concerns the question of biological availability.

It was assumed here that the radionuclides would be no more available than their

related stable nuclides. While this is a reasonable assumption for cratering explosions,

it has not been shown to be valid for all the radionuclides in Tables I and II. It is

therefore suggested that, until such data become available, all the radionuclides listed

in Tables I and II be included in postshot monitoring programs. Additional radionu-

clides should be added to this list from consideration of other tissues and from consid-

eration of radionuclides produced by activation of the device materials .

Quite obviously, these dosage estimates are preliminary in nature. They could

undergo refinement on the basis of data collected from the proposed canal site. For

example, the 1L term or the ion binding and exchange properties of these sediments

could be underestimated in these calculations. In addition, it would be appropriate to

make separate dosage estimates for the r ivers and for San Miguel Bay. Nevertheless,

so far as guidance for device design is concerned, it would appear, in light of these

dosage estimates, that the assumed device characteristics represent unacceptable

design criteria unless a large portion of this aquatic environment is restricted from

the harvesting of food supplies. The same conclusion would still apply if the assumed

device characteristics were reduced by a factor of 10, i . e . to 1 kt of fission per Mt

and 1 mole of neutrons per Mt. In this case the dosages would be reduced by the same

factor of 10. Whether or not any individuals in the proposed canal area exist totally

on an aquatic diet does not alter these conclusions. Subsequent to the canal construc-

tion, they would have to be restricted from doing so. The degree of this restriction

could be estimated by applying Eqs. 8 and 9. Since the terrestr ial environment will

also be contaminated, Part II of this UCRL-50163 series would also have 1n be used to

estimate this portion of the dosage. But, due to the perversity of nature, this question

would ultimately have to be resolved by postshot monitoring.
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