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FOREWORD 

RADIOACTIVE WASTE DISPOSAL INTO ATLANT IC 
AND GULF COASTAL WATERS 

In January 1 958, the C ommittee on Oc eanog raphy of the National 
Ac ademy of Scienc e s  - National Re s e arch Council was as ked to c onduct 
a detail ed study of the pr oblema of the disposal of l ow level radioactive 
waste s into the Atlantic and Gulf of Mexic o c oastal water s of the United 
State s. Thi s  r eque st was made jointly by the three g ove rnment spons ors 
of the Committe e: The Bureau of C ommer c ial Fi sherie s,  the U. S. Atomic 
Energy Commi ssion, and the Office of Naval Re s earch.* The Committee 
ag reed to take r e spon sibility for such a study, and D r .  Harris on Brown, 
Committ e e  Chairman, asked me , as a member of the Committee on 
Oc eanography and Chairman of the Academy's Committee on Effects of 
Atomic Radiation on Oc eanography and Fisherie s ,  to call tog ether a 
special working group. Thi s gr oup was asked to c onsider the level s of 
r adioactive waste s that c an be di sposed of safely, the kinds of pac kag ing 
that should b e  used, and to rec ommend spe c ific disposal sites .  

A preliminary draft of thi s rep ort wa s finished i n  May 1 958 and 
discu ssed in detail before a me eting of the C ommitte e on Oc eanography 
shortly ther eafte r. The Committ e e  approved the rep ort and author ized 
its r eproduction in mimeogr aph form p rior to a s imilar r eview by the 
Committe e  on the Effect s of Atomic Radi ation on Oc e anogr aphy and 
Fisheri e s. The latter Committee me t in March 1 959. At that time the 
r eport wa s brought up to date and appr oved in its p r e s ent form. 

In its study, the group has taken into a c c ount the effects of local 
oc eanog r aphic condition s, pos s ible h ealth hazard s  and the importanc e 
of non-int e rfer en c e  with fi sher ie s ,  r e c reational and oth e r. u s e s  of the 
oc e ans. The report make s recommendations as to the amounts of dif­
ferent radioactive i s otop e s  that can be di sposed of s afely in any one 
ar e a. Twenty-eight pos s ible disposal site s are liste d .  Before any one 
of the s e  is finally s elected, a pr e-u s e  survey should be made . The area 
should be monitor ed periodically after di sp o s al begin s. 

The workin" g roup ha s attempted to make its recommendations 
as precis e a s  p o s s ibl e within the limits of our p r e s ent knowledg e of the 
physic s ,  chemistry, and biology of the oc eans . Wher e unc ertaintie s exi s t  
becau s e  of inadequate knowl edge a c onservative p o s ition has been 
chos en-that i s ,  the c alculation s underlying the r e c ommendations may 
e r r  on the side of safety . Each as sumption and each step in the c alcula­
tions i s  fully d e s c ribed, however, so that the r eade r may make an inde­
pendent evaluation of the deg ree of c on s ervati sm . 

•The Natiooal Science Foundation has since become ooe of the spon80rs of the Committee. 

vii 
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SUMMARY 

RADIOACTIVE WASTE DISPOSAL INTO 
ATLANTIC AND GULF COASTAL WATERS 

A study has been made of the feasibility of u s ing s elected areas in 
the Atlantic and Gulf of Mexico coastal waters of the Unite d  Stat e s  as 
r ec eiving grounds for the disp o s al of packag e d, low l evel radioactive 
wastes. 

The primary objective of the study has been to p r ovide an e sti­
mate of the rate of r eturn of radioactive sub stanc e s  to man, arising 
from stated rat e s  of dispos al into the coastal ar eas. The limiting rate 
of di spos al has been taken as that which thr ough a combination of physi­
c al and biologic al proc e s s e s  will r eturn the radioactivity to man at a 
rate equal to the maximum permi s s ible rate of ing e stion of a given ra­
dionuclide in drinking water .  

The s e  r at e s  wer e based on the occupational MPC's {maximum 
permi s s ibl e conc entration) given in Handbook 52 (3). The MP C's for 
the g eneral population acc ording to recent information should be l ow­
ered by a factor of 10. The r evis ed MP C' s of s ome i s otop e s  may be 
r educ e d  even further. It  i s  believed, however, that the con s ervative 
as sumptions c ontained in thi s r eport off s et the effects of the s e  reduc­
tions in MP C value s. 

The p r e s ent practic e of u s ing 55 gallon steel drums as di sposal 
cani ste r s  c ontaining the waste mixed with c onc r ete i s  e stimated to pro­
vide c ontainment of app roximately 10 years, during which time radio­
active de c ay will have d e s troyed all radioi sotopes {bas ed upon Oak 
Ridg e National Laborator ie s curr ent rate of production and shipment) 
to below hazardou s  levels, with the exc eption of Sr 90, C s  137, and pos­
s ibly Co 60. 

Coa stal circulation i s  not known in sufficient detail to p r ovide 
quantitative e stimat e s  of the r ate of tran sp ort of a c ontaminant out of 
any of the area s selected as pos s ible di sp o s al  s ite s .  The s e  e stimat e s  
c an  be made only afte r  detaile d  circulation studie s  have been completed. 
Especially l acking is knowledg e of the c irculation of bottom water s .  
Nevertheless, several a r e a s  s tand out a s  b eing probably unsuited as 
dispos al s ites. They ar e the c oastal e s tuarie s and bays, and the region s  
immediat ely seaward of the s e  areas. Shor eward transport along th e  
bottom i n  the s e  r egion s would tend t o  intensify th e  rate of r eturn of a 
contaminant to man. Also, a r egion s outheast of Long Island, extending 
out to approximately 50 fathoms, appear s to have r e s tricted bottom 
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circulation during the summer months and therefore might ac cumulate 
larger quantitie s  of c ontaminant than other coastal areas. 

A theoreti c al  study of the dilution of contaminant by turbul ent 
mixing proc e s s e s  has been made. The re sult s  of the study provide the 
mean s  of evaluating the effect s of changing environmental parameter s 
and of variou s di sposal method s on the dilution of a contaminant. Be­
cau s e  of the a s sumptions made all e stimates of concentration at a given 
di stanc e and time are probably higher by at least a factor of ten than 
would actually exi st in practice. Even with the s e  c ons ervative a s sump­
tion s  c alculation s  show that given a rate of di spo s al  of 1 00 curie s  per 
year of unc ontained waste into water 30 meters deep with a current of 
5 mil e s  per day, the maximum conc entration of waste which will appear 
one kilometer ( approximately 5/8 mil e s ) from the di s po s al  site will be 
Z x 1 0 ·7 �/ml, a conc entration that i s  lower than the maximum permi s ­
sible c onc entration of Sr 90 i n  drinking water. Sr 90 ha s the lowe st 
MP C value of all radiois otopes listed. In addition, the relationships 
b etween both relative c onc entration and time afte r  relea s e  and di stanc e 
from the di sposal s ite, under the unlikely c ondition that no current will 
aid in diffus ive mixing, have been developed. 

In arriving at rec ommended di spo s al  rate s the interaction of a 
c ontaminant with sus pended s olid s and bottom s ediment s ha s been neg­
lected. It was found impos s ible to make a quantitative e stimate of the 
magnitude of thi s reaction. Neglecting this factor put s a c ertain factor 
of s afety in the rec ommendations,  as s orption onto bottom s ediment s 
within the di sp o s al  area will provide additional c ontainment, thus allow­
ing for further de struction of the c ontaminant by radioactive decay. In 
the c a s e  of di spos al  into areas productive in c ommercially important 
shellfi sh (oysters ,  clams, etc.) the s orption onto bottom deposit s  may 
become a p otential hazard rather than a safety factor. Thi s s ituation 
has been eliminated by s electing area s  in which no shell fi sheri e s  oc cur. 

The return of radioactive waste s to man by inge stion of c ontam­
inated marine food products i s  c on s idered to be the most likely poten­
tial s ourc e of hazard that c ould re sult from disp o s al  into c oastal waters. 
An e stimate ha s b een made of the maximum permis s ible c onc entration 
of each of s everal radioi s otopes in s ea water, below which c ontamina­
tion of marine food product s  will not lead to greater than allowabl e in­
take by humans who s e  s ol e  s ourc e of protein is fi sh. Thi s e stimate 
was derived from the maximum permi s s ible c onc entration of the i s o­
topes in drinking water, from which wa s c omputed the maximum 
weekly intake of each of the i s otopes; the weekly ing e stion rate of fi sh, 
taken as 1 .5 kg, a value that is high c ompared with the per c apita value 
for thi s c ountry but has been taken on the a s sumption that s ome indi­
vidual s obtain all of their protein from fi sh; and the extent to which 
marine organi s m s  c an c onc entrate the various i sotop e s  within them­
s elve s above the l evel in their environment. The mo st hazardous i s o­
tope in the list i s  Sr 90, for which the maximum permis sible c onc en­
tration in s e a  water is 8 x l 0-7 jlC/ml, which by c oincidence is identical 
with the MPC value for drinking water. 
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Suggested disposal ar eas have been cho s en in an attempt to min­
imize c onflict with submarine cable operation, as well as  the purely 
mechanical problems connected with fisherie s activitie s .  

RECOMMENDATIONS 

The panel is of the opinion that c ertain Atlantic and Gulf of 
Mexic o c oastal areas can be u s ed as receiving waters for the c ontrolled 
disposal of packag ed, low level, radioactive wastes .  

Twenty- eight possible locations have been s elected (figure 7, p .  34) 
that could, on the basis  of pres ently available information, be used with­
out limiting our other uses of coastal waters . The actual choice of dis ­
posal areas should be undertaken within the following limitations: 

1 .  Prior to start of disposal operations a survey of an area must 
be made to determine details of local circulation and an inventory of 
the biota, especially of bottom-living organisms . 

Z .  The total quantity of activity that i s  deposited into any one 
disposal ar ea in any one year should be limited to ZSO curies of Sr 90 
or the equivalent of other i s otop e s . For the equivalent amounts of other 
isotopes see Table nand the acc ompanying discussion on page 1 3 .  

3 .  The total quantity of activity that i s  deposited in any one area 
during any given month should be limited to 1 00 curies  of Sr 90 or the 
equivalent of other i s otopes . 

4.  Adjac ent disposal areas should be s eparated by at least 75 
mil e s . 

5. No 300 mile s ection of c oast line should contain more than 
three  disposal areas unless pr edominant currents, both bottom and sur­
fac e, indicate that no exchange between areas is pos sibl e .  

6 .  The waste container should be of such con struction that no 
part of it or its contents will float to the surface should the c onta�ner 
be broken. The practice of using steel drums as  c ontainer s is recom­
mended as giving appreciable holding time in the disposal ar ea. 

7. Periodic ally during u s e ,  the area should be monitored to pro­
vide a measur e of the spread of radioactivity throughout the region in­
cluding both the biota and the bottom s ediments,  and to note change s  
that might be cau s ed by disposal operation s . The r e sults of this moni­
toring may indicate that c ertain of the above assumptions should be 
changed . 

THE PROBLEM 

The U .S .  Atomic Energy Commission has asked the Committee 
on Oceanography of the National Academy of Scienc e s  - National 
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Res earch Council to study the feasibility of disposing of low level ,  
packag ed,  radioactive wastes into the on- shore water s of the Atlantic 
and Gulf of Mexico coasts of the United States . The areas of special 
inte rest ar e clo s er to shor e than the present designated areas now 100 
and more mil e s  out . 

The obj ective s of the study ar e to recommend locations that can 
be u s ed safely as disposal ar eas, tog ether with the limitations on quan­
tity and kinds of radioactive material s ,  rates of dispo sal, and other 
pertinent factor s nec e s sary to kee p  the conc entration of radioactive 
sub stanc es  within permi s s ible level s .  

Of special inter e st i s  the u s e  of near- shore r egions a s  disposal 
areas for the low level radioactive wastes generated in univer sity and 
industrial laboratories ,  hospital s ,  and r e s earch institutions lic ens ed 
by AEC to use  relatively small quantities  of radioactive materials . 

We emphasize here the term low level waste s .  The s e  are broadly 
clas sified as wastes containing up to the equivalent of millicurie quan­
tities of activity per gallon . They are di stinct from high level waste s ,  
such as thos e  obtained from the proc e s sing of spent reactor fuels which 
may contain hundreds of curies per gallon . The present study i s  not 
concerned with the di sposal of high level waste s .  

PRESENT SEA DISPOSAL PRACTICES 

With the inc reasing quantities  of radioactive material s that have 
been u s ed in peac etime applications by both AEC and non-AEC institu­
tions there has been a corresponding inc rease in the quantitie s of low 
level wastes that have no further us efulne s s ,  but because  they do repre­
s ent a potential health hazard cannot be di spos ed of by c onventional 
methods ( municipal incinerators ,  sanitary dump s ,  etc .) . In the past, 
much of this waste material has been packaged and dumped into desig­
nated areas approximately ZOO mil e s  off the Atlantic Coast in approxi­
mately 1 000 fathoms of water . Much of the material has been car ried 
to the di sposal areas by naval ves s el s  during s cheduled disposal of 
non- radioactive waste s .  In addition, civilian waste di sposal conce rns , 
lic en s ed by the AEC, have dumped small quantities  of low level wastes 
into coastal water s  in ar eas normally u s ed as receiving areas for non­
radioactive waste s .  Recently AEC rec eived s everal new r eque sts for 
the lic ens ing of civilian marine disposal conc ern s .  

T able I and figure 1 summarize the s ea disposal operations that 
have been conducted along the Atlantic Coast from 1951  thru 1 95 7. (1) 
It should be emphasized that the quantities  of activity listed were not 
measured at the time of dispos al  to the sea.  At be st, they wer e  meas­
ured at the time of packaging of the wastes ,  and frequently the value s 
rep orted are estimates made by the users  of the material who listed 
the total amount of activity shipped to them, with no allowance made 
for los s e s  during use and for radioactive decay .  The quantitie s  li sted 
are therefor e,  unque stionably, larger than the quantitie s  actually depos­
ited in the di sposal ar eas . 
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TABLE I 

PAST AMD PROJECTED AMOUNT S OF RADIOACTIVE 

MATERIAU DISPOSED IM ATUMTIC OCUM 

AEC wa stes (U. S. Navy Di sposal) 

Government agencies, non-AEC 
(U. S. Navy and Coast Guard Disposal) 

Univers ity and indu strial  labs. 
(Private Di sposal) 

Quantit}: (cu-ies) 
E stimated 

1951-1957 1958-1963 

5,870 

4.3 531.9 

10+ 25+ 

Data from reference ( 1) 

fi8Uitl I 

LOCATIONS AND A"'ltOIIMATE: QUANTITIES 
Of ltADIOACTIVE WASTES DErOSITED ON 

THl SU IOTTOM DUitiN. THE PERIOD 

1151 TO list 
UNLETTE:ItED AltUS HAVE ltECEIVED 

AJOI'ItOIIMATE:LY 2S CUitiES 

5 

location (F ig. 1) 

a, b 

b, c 

d, e, f and 
un lettered 
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The s e  di spos al operations can be divided into three broad sub­
divisions ,  using the immediate sour c e  of the wastes as a c riterion .  
They are:  

1 .  Low level waste s generated within AEC facilities. 

The s e  c onstitute ,  by far , the largest quantities of r adioactive 
material s  that have been deposited in the Atlantic dispo s al  areas.  Since 
1 95 1 ,  5870 curi e s  of a variety of i s otop e s  c ontained in 8432 fifty-five 
gallon drums have been di spo s ed of. A rather insignific ant fraction of 
this  total was deposited in the designated ar ea appr oximately 200 mile s 
due east of C ap e  Cod, ar ea !!,, figure 1. Most of it has been added to the 
disposal area app roximately 200 mile s  east of Cape May (Delawar e B ay) , 
ar ea _2, figure 1. 

The AEC has de scribed the g eneral nature of the s e  wastes as 
follows ( 1 ): 

"AEC wastes which are dumped at s ea ar e heterogeneou s  
i n  character and as a rule c ontain quantities o f  activity 
normally as s ociated with laboratory experimentation and 
with decontamination operations . For the mo st part, they 
consist of solid material s  such as paper wipes ,  rag s ,  mop s ,  
ashe s ,  animal carcasse s and contaminated laboratory para­
phernalia . Some liquids c ontaining radioactivity in the c on­
centration rang e of mic r ocurie s  per liter have been inc or­
porated in c ement mixtures or with chemical g elling mate­
rials prior to packaging and dumping . Because  the waste s 
and their c ontaminating radiois otopes are heterog eneous in 
character ,  it i s  difficult to determine accurately the total 
quantitie s  of radioactivity involved . "  

Most of the s e  wastes have been packaged in fifty-five gallon drums 
with added c onc rete to insure proper bulk density . The AEC has s et 
specifications ( 1 )  (2) for the packaging and handling of c ontaminated 
s c rap .  

2 .  Low l evel wastes generated within government operation s other than 
AEC . 

Four ag encie s (the National Bureau of Standards, the Naval 
Ordinanc e  Laboratory, the Naval Research Laboratory, and the National 
Institutes of Health) all in the Washington, D . C .  area, have sinc e 1 955 
g enerated approximately four curie s of heterogeneous waste s that have 
been deposited in a designated disposal area, approximately 75 mil e s  
east s outheast of C ape Henry ( Cheasapeake Bay), b y  the U .S .  C oast 
Guard. Thi s is area £• figure 1. The U .S .  Fish and Wildlife Service ,  
B eaufort, N . C . ,  has disposed of le s s  th an  0 .2 of a curie of heter og eneous 
wastes ,  in ar ea g, figure 1, approximately 8 mil e s  off- shore from 
Beaufort, North C ar olina . 
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3 .  Low level radioactive wastes generated within private facilities .  

Several industrial c oncerns and r es earch laboratories licensed by 
AE C to use  radioactive materials have either c onducted their own waste 
disposal operations or have c ontracted with licens ed marine disposal 
c ompanie s  to have the wastes carried to sea.  The areas in which low 
level radioactive wastes have been dumped at s ea by thes e operations 
ar e the unlettered areas in figure 1. Approximately Z5 curies have 
been di sposed of through thes e channel s ,  mo st of it s everal hundred 
mil e s  off shor e .  

In all, something l e ss than 6000 curies  were added to the water 
off the Atlantic c oast of the U .S .  between 195 1  and 1958. The exact 
c omposition of thi s waste material is unc ertain; that i s ,  it is impossible 
to determine the quantities of various radiois otopes, and in many c as e s  
th e  total activity associated with a disposal container i s  unc ertain. B y  
far the greate st bulk of thi s material has been deposited into water 
1000 fathoms or mor e deep, and in container s  that will provide s ome 
factor of safety to the environment, in that at least a part of the wastes 
will have disappeared by natural radioactive decay before  being r eleased 
to the sea.  

A survey of the ar ea that has r ec eived most of the waste s ,  area 
_!?, figure 1, was made by the Che s apeake Bay Institute of The Johns 
Hopkins Univer s ity, and the U .S .  Coast and Geodetic Survey. The activ­
ity, beta and gamma counting, of samples of bottom s ediments taken 
within the di sposal area was compared to the analysis of sample s 
taken outside of the area. No difference c ould be found. Comments on 
survey methods will be made in a later section. 

The quantity of low level radioactive wastes that will, under ex­
isting operational proc edures, find its way into the Atlantic c oastal 
water s is inc reasing . The off-shore,  deep water disposal areas appear 
to be adequate to handle proj ected quantities of these wastes without 
limiting our other us es of thes e  water s .  Of immediate conc ern to the 
AEC i s  the incr eas e in the quantitie s  of radioactive materials us ed by 
non-governmental agencies and the inc r ea s e  in the numbers of com­
mercial marine disposal c oncerns who are s eeking lic ens es to handle 
and dispos e of the low level radioactive wastes into shallow coastal 
areas . 

In general, marine di sposal c onc erns are at pres ent not equipped 
to carry the wastes s everal hundred miles to s ea, at least not without 
a c onsiderable increase in the c ost of the s ervice .  The disposal c on­
c erns would like to deposit thes e  wastes in existing or newly designated 
disposal areas in the r elatively shallow c oastal waters up to appr oxi­
mately fifty miles from shore .  One c oncern has, with AEC permission, 
dispos ed of limited quantitie s of packag ed low level waste s in 5 0  fathoms 
of water, s ome twelve to fifteen miles  from the c oast, area.!_. figure 1 .  
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4.  Estimate of the fraction of the production of Oak Ridge National 
Laboratorie s shipped to other than AEC operations ,  that became waste s 
for s ea disposal .  

During the p eriod January 1 956 t o  September 1957, ORNL shipped 
approximately 50,000 curi e s ,  measur ed at the time of shipment, for use  
by non-AEC facilities . Of this total, approximately 2.8, 759 curies  were 
isotopes with short half liv e s ,  while i s otop e s  of str ontium, c obalt, c e ­
sium, iron, an d  zinc amounted t o  2. 1 , 1 4 1  curie s ,  of which 2. 1 ,02.0 were 
shipped as " s ealed sour c e s " .  A s suming that s ealed s ourc es  (c obalt 
bar s ,  for example, us ed as radiation sourc e s) will not find their way 
into c ommercial disposal routes  when their initial us efulne s s  has pas s ed, 
1 2. 1  curies  of long-lived i s otopes appear as  the potential supply that 
might have arrived at dockside for disposal at s ea . During the s ame 
period, an e stimated 2.5 curie s  (composition doubtful} was actually di s ­
pos ed of at sea.  

If the as sumption c onc erning the fate of " s ealed s our c e s "  is  cor­
rect and if the estimate of  2.5 curies  dispos ed of at  sea i s  c or r ect, then 
approximately 2.0% of the ORNL shipments of "hazardous i sotop e s " to 
non-AEC users  will eventually app ear as waste s for sea disposal .  

PREVIOUS STUDIES 

Several studies have been made sinc e 1950 that are either directly 
or indirectly c onc erned with the disposal of radioactive sub stance s  
into the s ea. The fir st of the s e ,  published as  U .S .  Bur eau of Standards 
Handbook 52. (3}  lists the quantities  of each of a number of radioisotopes 
that can be r etained s afely in the body, as  well as the c onc entration of 
each isotope that c an  be tolerated in drinking water and in air . The 
maximum permi s s ible body burden, drinking water and air c onc entra­
tions are consider ed to be the level s below which no readily detectable 
biologic al damage will occur in man under conditions of c ontinual ex­
posure at thos e  levels. 

Although the rec ommendations c ontained in Handbook 52. were 
bas ed upon the best biological and radiologic al evidenc e available ,  the 
author s note that in s everal c as e s  the evidence available to them was 
scant and that the maximum permi s s ible c oncentration level s  should be 
r evis ed as new evidenc e become s available .  In thi s c onnection Looney 
(9) suggested that the acc epted level for radium, which forms the basis  
( in part) for the c alculation of the permi s sible level s of other i s otope s ,  
i s  too high and recommends that the radium l evel b e  lowered until more 
information bec omes available on the effects of radium in man over a 
normal lifetime . 

In calculations made later in this r eport , the recommended maxi­
mum permi s s ible levels in Handbook 52. have been used .  We r ealize 
that man doe s not drink seawater ; however , the Handbook 52. value s give 
a bas i s  for e stimating the maximum permi s sible rate of inge stion of 
radionuclide s that may be c ontained in marine food products .  
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In 1 954 a study was made by the sub-committee on Waste Disposal 
and Dec ontamination of the National Committee on Radiation Protection, 
of the problems c onnected with the di sposal of radioactive materials in 
the oc ean. Thi s study was published as Handbook 58 of the National 
Bur eau of Standards ( 4). Although Handbook 58 doe s not make specific 
rec ommendations with r egard to disposal site locations ,  rates of dis ­
po sal, etc . ,  it doe s rec ommend that all radioactive wastes that are to 
be disposed of into the sea be packag ed and that di sposal be into water 
at least 1 000 fathoms deep . The s e  two rec ommendations form the ba sis 
for pr esent AEC s ea disposal regulations .  In addition, Handbook 58 
enumerates the phy sical, chemic al,  and biological factor s thought to be 
important in r egulating the di spersal of a contaminant throughout the 
oceans. However ,  because of lack of quantitative information, no at­
tempt was made to c ombine the various factor s to obtain an e stimate of 
the level of c ontamination of the oc ean and marine food products a s s o­
ciated with stated di sposal practic e s . 

In 1 956 the National Academy of Science s  - National Res earch 
C ouncil organized six committee s to study various aspects of the bio­
logical effects of atomic radiation . The r eport of one of the s e  C ommit­
tee s, the C ommittee on the Effects of Atomic Radiation on Oceanography 
and Fisherie s ,  was published in 1 957 as Publication 551 of the National 
Academy of Science s  - National Research C ouncil (5). 

Publication 55 1 gives a detailed acc ount of the state of knowledge 
of the physical, chemical, biologic al and geological factor s involved in 
the interaction of radioactive wastes,  e specially fi s sion p roduct element s ,  
with the marine environment. While much of this study i s  c oncerned with 
the deep oc ean s ,  and the mas s ive quantitie s of material s that will be 
produc ed as  a r e sult of nuclear p ower production, it  is ,  neverthele s s ,  a 
us eful guide in the attempted solution of all problems c onc erned with 
radioactive waste s  and the marine environment . 

Following the 1 956 meeting s of the C ommittee on the Effect s of 
Atomic Radiation on Oc eanogr aphy and Fisheri e s ,  but befor e Publication 
551 was c ompleted, a meeting of s everal scientists from the United 
State s and the United Kingdom was held, at which there was a liberal 
exchange of information conc erning the problems of the disposal of ra­
dioactive wastes  in the oceans . At that meeting it was learned that the 
British Atomic Energy Authority plant at Windscale,  on the Irish Sea, 
was discharging low level liquid wastes  through a three mile long pipe­
line , directly into the Irish Sea, with authorization to discharge at the 
rate of 1 000 curi e s  per month. The basi s  for the authorization was the 
re sults of a s eries  of studie s  giving: ( 1 )  the detailed circulation of the 
Irish  Sea area immediately s eaward from the Windscale  plant; (Z ) the 
uptake of activity by migratory fi sh that pas s through the area; (3) the 
c ontamination of an edible s eaweed that is harvested in an adjoining 
area, e stimated from the circulation study and uptake exp eriment s ;  and 
( 4) the level of contamination of local beache s ,  e stimated from the cir­
culation study . 

9 

Copyright © National Academy of Sciences. All rights reserved.

Radioactive Waste Disposal Into Atlantic and Gulf Coastal Waters; a Report From a Working Group of the Committee on Oceanography of the National Academy of Sciences-National Research Council
http://www.nap.edu/catalog.php?record_id=18537

http://www.nap.edu/catalog.php?record_id=18537


It is  now believed that as a result of monitoring studies made 
during the build-up to the 1 000 curie per  month discharge level, and a 
r ea s s e s sment of the " s afety factors" that were included in the original 
studies and rec ommendations ,  authorization has been given to di scharge 
at the rate of 1 0,000 curi e s  per month. 

A summary of the discussions at the meeting has been distributed 
under the title "Report of a Meeting of United Kingdom and United State s 
Scienti sts on Biological Effects of Radiation in Oceanography and Fish­
erie s , " National Ac ademy of Scienc e s  - National Re search Council, Oc­
tober 3 1 , 1 956 (6) . A portion of that r eport is quoted below, as it ha s 
direct bearing on the studi e s  of the pre s ent c ommittee. 

Disposal into C oastal Water s 

Maximum quantities and rates of di sposal of radioac ­
tive sub stance s  into c oastal waters are set, in all c a s e s ,  by 
two consideration s .  The first is the transfer of these sub­
stanc e s  back to man and his surr ounding s .  The second is 
the effect upon the marine resourc e s  and envir onment . 

Bulk Liquids 
In c oastal waters it will, in g eneral, be possible ,  in 

proper circumstance s ,  to di spose of wastes in dilute liquid 
form, but the permi s sible quantitie s  of radioactivity in such 
wastes may be exp ected to vary considerably from one ar ea 
to anothe r because  of the diverse nature of c oastal situations .  

A car eful study is requir ed to determine the safe 
quantity of each i s otop e  in each situation, including the de­
tail s of the physic al, chemical, and biological factors, and 
the habits of the human p opulation potentially affected. 

C ontinuing studies  ar e required at each di sposal lo­
c ality to insure s afety, to determine ultimate steady state 
conditions ,  and to detect pos sible long term variations ari s­
ing from variability of  the environment . 

Such inve stigations have been carried out over a num­
ber of year s in the Irish Sea and the re sults indic ate that 
fi ssion products can be s afely releas ed in that area at an 
average rate of s everal hundred curie s a day;  it appear s 
likely, therefore,  that similar quantitie s  of waste c ould be 
safely liberated in s ome other areas . 

In s electing locations for nuclear installations the 
waste disposal problems should be taken into ac count . Be­
c ause  of the additive effects of wastes independently di s­
charged into the same water mass, the proximity of other 
facilitie s is an imp ortant c onsideration.  
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Packaged Wastes  
Packaged liquids and sludges  in  container s which can 

rupture and thus liberate their contents to  the s ea, and solid 
material s  of density greater than s ea water may al s o  be 
safely disposed of in coastal water s  if proper precaution s  
ar e ob s erved. The amount of activity which is  dis s olved in 
the sea water, or taken up by organisms,  from such mate­
rials is subject to the s ame limitations as for bulk liquid 
wastes . 

Precautions must be taken to guard against r ecovery 
by fishing or salvag e operations ,  or tran sport to ar eas 
where the material could c onstitute a hazard. Disposal 
areas for such wastes  should be in de s ignated location s ,  and 
all disposal should be adequately recorded and contr olled .  

THE PRESENT PROB LEM 

The basis  for judgment . 

The reque st from the Atomic Energy C ommis sion asks e s s entially 
for a differentiation between safe and uns afe procedures  r elated to the 
dumping of radioactivity into coastal water s .  

The determination of where safe proc edure s  end and unsafe pro­
c edure s  begin involve s an evaluation of information in two very different 
fields of scienc e .  The fir st'i s  radiation biology, a field that can supply 
information conc erning toleranc e limits for the quantitie s of radioactive 
material s  that man can have either in his immediate environment or 
within hims eU, without r egard for how it gets ther e .  The s ec ond science 
field is oceanography, which c an  supply a de scription of the proce s s e s  
that can bring radioactive sub stanc e s  from a marine di sposal area back 
to man . 

We emphasize her e  that the very nature of the primary information 
upon which our evaluation is bas ed makes the divis ion betwe en safe and 
unsafe di sposal proc edures  a rather broad region rather than a sharp 
dividing line . Becau s e  of this we have,  with purpo se ,  adopted a cons er­
vative attitude in our integration of the many piec e s  of information that 
make up our conclusions . 

Radioactive sub stanc e s  are a potential hazard to man, (1) becau s e  
of radiation rec eived from the immediate environment ( external emit­
ter s ) ,  and ( Z) because of radiation r eceived by substance s  taken into the 
body by inge stion, inhalation, or abs orption through the skin ( internal 
emitters) . In both cases  the potential hazards may do damage to the 
individual so  as  to r educ e the life span, impair the functioning of parts 
of the body, etc . ,  i . e .  pathological damage, or to increase the mutation 
rate which will alter the inherited characteristic s in future generations ,  
i .e. genetic damage .  
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Our pres ent state of knowledge with regard to tlie pathological 
effects of radiation is given in detail in NAS-NRC Publication 452 (7) . 
A summary report of the National Academy of Scienc e s  - National 
Re s earch Council Committee on the Genetic Effects of Atomic Radiation 
was published in 1 956 (8). 

The s eparation of safe from hazardous  sea  disposal pr oc edu r e s  
must be made , first  o f  all, on the basis  of p otential hazard t o  man 
through his normal utilization of the s ea, and secondly, on the pos sibility 
of injurious effect produced in the marine environment its elf. 

Our as s es sment of the quantitie s  and the rates of di sposal of low 
level radioactive wastes  into in- shore water that will create a potential 
hazard to man, thr ough his u s e s  of the s ea and marine product s ,  devel­
oped from consideration of the natural proc e s s e s  occurring in the ma­
rine environment that c ould bring the radioactive wastes  back to man 
from sugge sted disposal sites . We have recognized two mechani sms 
that appear to be the most likely avenue s through which thi s could occur . 
They are:  ( 1) tran sport of the radioactive wastes from the disposal 
s ite s to the immediate  shor eline, thereby creating a potential hazard in 
man's recreational u s e s  of the coast, and (2) uptake of the radioactive 
waste components by one or mor e of the trophic level s in the marine 
biota with return to man in commercially important fish and shellfish.  

We would emphasize at this point that in all cas e s  our s epar ation 
of hazardous from non-hazardous proc edur e s ,  so  far as man's toleranc e 
for radiation i s  concerned, i s  bas ed upon the Handbook 52 values for 
maximum permi s sible amounts of radiois otopes in the total body and 
maximum permis s ible c onc entrations in water .  The latter are for 
drinking water or for submersion in contaminated fluids .  The s e  values 
c onsider only pathological effects . No evaluation of pos sible g enetic 
damage was attempted when Handbook 52 values were c ompiled. The 
c onclu sions in this report, then, may need r evi sion if Handbook 52 max­
imum permis sible levels are drastically altered, or when s ome of the 
uncertaintie s  introduced by lack of information in our evaluation of the 
oceanographic factor s become better known . However,  s inc e Handbook 
52 value s  are thought to be con s ervative and since our analysis  of the 
oc eanographic factors pres ent s  a c ons ervative estimate of the behavior 
of the environment, as will be de s c ribed below, we believe disposal 
practices  bas ed upon our recommendations have little likelihood of pro­
ducing a hazard to man's p r e s ent u s e s  of the c oastal water s .  

In the reports of quantities of radioactive sub stance s  alr eady dis ­
p o s ed of at s ea one usually finds only th e  number of curi e s  rec orded .  
Only infrequently a r e  the isotope s  li sted . Although this  i s  unavoidable 
in many cases ,  a knowledge of the curie content of a disposal c ontainer 
only partially defines the potential hazard of the material. The extreme 
variability in the maximum permis s ible c onc entrations of various iso­
tope s  in drinking water ( 3) ,  for example,  2 x 10·1 and 8 x 10"7 IJ.C/ c c  for 
tritium and strontium 90 re spectively, emphasizes  this p oint . 
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In the dis cus sion s which follow we will b e  c oncerned primarily 
with strontium 90. The hazard of other i s otop e s ,  r elative to strontium 
90, insofar as  uptake by marine organi sms and return to man in marine 
food p roducts is c onc e rned, will be given by the ratio of the permis sible 
s ea water c onc entration of an isotope to that of strontium 90. Table n 
li sts the number of curi e s  of each of a group of s elected i s otop e s ,  equiv­
alent to l50 curies  of strontium 90, the latter value being the sugge sted 
maximum yearly rate of disposal of strontium 90 into any one disposal 
ar ea. Also shown are the quantitie s  of each of the isotope s  that would 
dec ay to l50 equivalent curie s  following containment of one month and 
of one year . 

The significance of the quantitie s  of i s otope s relative to strontium-
90 i s  appar ent when considering the practical problem of the disposal of 
packag e s  c ontaining a mixture  of i s otop e s .  As sume , for example, that 
packages  containing waste of the following c omposition have been added 

TABLE II 

QUANTITIES OF SELECTED RADIOISOTOPES EQUIVALENT 1 
TO 250 CURIES OF STRONTIUM 90, SHOWING THE INITIAL 

QUA NTITIES THAT WILL DECAY TO 250 EQUIVALENT 
CURIES ALLOWING ONE MONTH AND ONE YEAR CONTAIN-
MENT 

l sot�e Cur i es 

no con tainment 1 mo. conta i nment 1 yr. con tai nment 

Na 24 5.0 x 107 1 024 10ta3 

p 3 1  15.5 68 .6 J.J X 109 

s 35 3. 1 X J06 3 .9 X 1o6 5.6 X 107 

K 4 2  3.1 X Jo6 1014 t()226 

Ca 4 5  1 .6 X 105 1.8 X JOS 7.5 x 1 05 

Fe 59 1 .2 X Jol 1 .9 X 103 3.3 X 105 

C a 60 6.2 X Jol 6.3 X Jol 7.0 X 103 

Cu 64 5.0 X J{)4 to21 1o201 

Z n  65 1 .4 X ){)4 1 .5 X J{)4 3.8 X J{)4 

Sr90 250 250 250 

I 1 3 1  9 . 3  X Jo2 1 .2 X J{)4 tot6 

Cs 1 37 9.3 X J{)4 9.3 X J{)4 9.3 X 1{)4 

1 Equ i val ence bas ed upon rati os cl Permiss ible Sea Water Concentrati on s. 
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to a disposal area; 5 Z 5  curie s of Na- Z 4; 1 000 curies  of Ca- 45; 100  
curies of Fe- 5 9; 1 00 curie s of Co- 60; lZO curies  of Sr- 90; and 1 000 
curies  of C s - 1 37.  The total number of curi e s  amounts to Z , 845 well 
over the sugge sted yearly limit of Z 50 curies of Sr- 90 . Obviously, the 
r elative hazard to man, considered in the route that might return the 
waste to him from the di sposal area through marine food p roducts ,  will 
be l e s s  for the mixture than for strontium- 90 . U the quantitie s  of each 
of the i sotop e s  above are multiplied by the ratio of the maximum per­
mis sible sea  water c onc entration of strontium- 90 to that of the i s otope,  
the sum of results as suming no c ontainment i s  appr oximately 1 48 
curie s . Thi s figure,  which is  a mor e reali stic measure of the potential 
hazard of the waste than the Z , 845 curie s ,  include s the effect of MPC 
value s for each isotope and the c oncentration factors  fr om sea water to 
marine food products . 

Why di spos e at s e a? 

There ar e two way s of handling radioactive material s  to p revent 
them from becoming a hazard to man . One is by c ontainment, which 
has as its obj ective the retention of the material in such a manner that 
it doe s not get into the human environment, at least until natural radio­
active dec ay has r educ ed the quantity of material to below p ermi s s ible 
level s .  The other is  by dispe r s al,  which has a s  its obj ective the dilu­
tion of the waste to below permi s sible levels befor e it becomes a part 
of the immediate human envir onment . 

Within limit s ,  procedur e s  c an be e stabli shed so that di sposal into 
coastal water s c an take advantage of s ome of the desirable feature s  of 
both methods of handling the waste s . The advantage of c ontainment c an 
be achieved by proper c anister design. Presently used c anisters are 
reclaimed 5 5  gallon steel drums which have an expected life , so far as 
corrosion by sea water is concerned, of approximately ten year s ( 1 0) .  

The factor of safety intr oduc ed by ten year c ontainment i s  shown 
in T able m, in which the percents of the initial activity r emaining after 
ten year s and the maximum permi s s ible concentrations for drinking 
� are listed for a g roup of i s otopes including high yield, long-lived 
fis sion p roducts and the isotop e s  that are  shipped from Oak Ridge 
National Laboratorie s to lic en s ed u s er s .  

Two feature s  of Table W should b e  emphas ized . Fir st, i sotop e s  
having long half life, that i s ,  r elatively larg e  amounts r emaining after 
ten year s ,  and low MPC valu e s  are those that may produc e  the greate st 
p otential hazard to man. Sec ond, the MPC values are drinking water 
values and we are c oncerned here with s ea water . Although not directly 
applicable to the p r e sent problem, thes e  MPC values will be u s ed later 
in modified form. 

The practice of mixing contaminated material s  into c onc rete 
which is  then cast into the steel drum, provide s for c ontainment 
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TABLE Ill 

PERCENTAGES OF INITIAL ACTIVITY REMAINING AFTER TEN YEAR COM-

TAIHMENT AND MAXIMUM PERMISSIBLE CONCENTRATIONS FOR DRINKING 

WATER, FOR SELECTED FISSION PRODUCT ELEMENTS AND ORNL 
ISOTOPES 

Percent after MPC (3) Percent after MPC (3) 
I sotope 10 years (llc/ml)  I sotope 10 years (llclml)  

H3 57.5 0.2 zn65 4 .2 X 10"3 6 X 10"2 

cu 99.9 3 X 10"3 Sr89 10"18 7 X 10"5 

No24 10"1768 8 X 10·3 Sr90 75.8 8 X 10"7 

p32 10"75 2 X 10"4 y91 1o·t7 0.2 

53s 10"8 5 X 10"3 Zr95 10-17 

K42 10-t998 1 X 10"2 Ru103 10·25 

Co45 10"5 5 X 10"4 Ru106 0.1 0.1 

erst 1o·3' 0.5 1131 1o·136 3 X 10"5 

Fe 55 9.3 Cs137 81 1.5 x 1o·3 

Fe 59 1o·22 4 X 10"3 c.141 10·32 

eo6o 26.5 2 X 10"2 c.t.c4 1.3 X 10"2 4 X 10"2 

Cu64 10.2026 1 X 10-4 Pm147 6.2 

MPC f« mixtures of i satopes of unknown composit ion i s  10"7 llclml.  

beyond the life of the steel drum. On the other hand, experiments  de­
signed to test the effect of hydrostatic pres sure on di sposal c ontainer s ,  
indicated that voids in c oncr ete may, at depths of a few hundred t o  a 
thousand meter s ,  permit implosion of the steel drum and fracture of 
the c onc rete,  thereby bringing about premature release of c ontaminant 
to the s ea.  

The te sts of canister s which have been performed have been c on­
cerned with disposal into at least 1000 fathoms of water where pr e s sure s  
in exc e s s  of 3000 pounds per  square inch will b e  encountered, whereas 
we are c oncerned her e with water depths up to appr oximately 30 fathoms 
where pre s sure le s s  than 1 00 pounds per squar e inch will be encoun­
tered.  Although ther e  is s ome doubt as to whether pres ently u s ed con­
tainer s  remain intact after disposal to the s ea bottom, proper de sign 
and testing can provide the nec e s sary information. 
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After releas e to the s ea, following intentional introduction of 
liquid waste s or after rupture of a cani ster ,  the conc entration of the 
waste will be c ontinually diminished by dilution brought about by the 
natural turbulent mixing proces ses that occur in the s ea, and the mix­
tur e  of waste and s ea water will be moved from the di sposal site by 
ocean cur r ents . An evaluation of the extent of dilution together with 
p r oc e s s e s  that might combine to return the wastes to man are di scus s ed 
below. 

TRANSPORT AND DISPERSION 

The movement of a c ontaminant from the disposal area and its 
dilution with s ea water will be controlled by circulation in and adjacent 
to the disposal site and the natural turbulent mixing proc e s s e s  in the 
s ea. Obviously , the bottom water circulation in the immediate ar ea of 
the disposal site will control the initial movements of the s oluble and 
finely divided waste as it diffu s e s  from the ruptured cani ster . 

Movement of B ottom Sediment 

The mechani sms and patterns of bottom s ediment transp ortation 
on continental shelves  are poorly under stood. The general circulation 
of the near-bottom water doe s not wholly contr ol the movements of 
bottom s ediments since tide s ,  wave s ,  storm surge s  and t sunami impose 
control s which may in  fact outweigh in  importance the averag e  circu­
lation of near -bottom water . Important in such c onsiderations i s  the 
recent conclusion independently proposed by s everal group s studying 
the s ediment budget of North Sea beache s that up to half the s ediments 
c ontributed to c ertain advancing beache s ha s been derived off shore 
from the floor of the North Sea.  The pos sibility thus exi sts that detri­
tal waste may reach adjacent beache s in unde sirable quantitie s .  

The base of effective wave action has been variously e stimated at 
30 feet to 900 feet .  The disc overy of strong scour on s eamounts and on 
the Mid-Atlantic Ridge to depths of ZOOO fathoms has been interp reted 
a s  evidence that there i s  no effective wave bas e .  On the other hand, 
most g eologists believe that really intens e wave action is limited to the 
upper 30 to 1 00 feet of the ocean .  Becau s e  movement of bottom mate­
rial s  can be quite independent of the average water circulation since it 
partly depends on wave action and not wholly on water transport, it 
must be con sider ed s eparately . B efor e  extensive inshor e dumping i s  
c ommenc ed, i t  would s e e m  de sirable t o  dump harmle s s  trac e  material 
and ob serve from what distanc e s  appreciable  material reache s the ad­
j acent beache s .  

Near-bottom Water Circulation 

Sub- surfac e circulation has not been studied with sufficient detail 
to provide a basis  for reliable p rediction of the direction and speed of 
transport at all s easons of the year in any location that might be chos en 
for a di sposal area. Evaluation of bottom circulation must be infer r ed 
from ob servations of salinity and temp erature distributions ,  and 
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measurements of surface drift, the latter largely from drift bottle ex­
periments . A few direct measurements of bottom cur rents have been 
made from lightship s . 

Our knowledge of bottom water circulation along the Atlantic C oast 
may best be summarized by the following four items : 

a. There i s  an area extending from s outh of Nantucket 
Shoals we stward to the offing of New York from about 30 fathoms to 50 
fathoms which appear s to be somewhat i s olated from the general circu­
lation pattern. Following the vernal development of the pycnocline this 
lens of water retains it s winter characteristic s ,  remains in the same 
geographic location and doe s not become modified until the autumn over­
turn. There appear s to be re stricted interchange of s ome of the water 
s eaward with slope water . In other words thi s portion of the c ontinental 
shelf below the pycnocline tends to stagnate for about six months of the 
year . 

b .  Ob servation posts on lightship s  reveal a mid- summer 
inshore movement of bottom water along the coast from Virginia to New 
Je r s ey and sub s equent upwelling, presumably due to offshore movement 
of surfac e waters  due to wind shear . How far inshore from the light­
ship s thi s intrusion occur s we do not know. 

The ob servations als o  suggest a downwelling during the 
c olde st parts of the winter when water s  next to the c oast chill to low 
temp erature s ,  and subsequent offshore movement when re sulting densi­
tie s  reach below those  of the adjacent offshore water s .  This mechanism 
app ear s to occur in areas farthe st from river mouths where the salinity 
in shore i s  highest .  Thi s phenomenon has been ob s erved at Nantucket 
Shoal s where the bottom offshore movement was deduced to reach 2 
miles  per day ( 4 em/ s ec)  and south of Long Island where chilled c oastal 
water c ontributed to the off shore lens of cold water . 

c .  The pycnocline develop s  only very weakly in the coastal 
areas s outh of Cap e  Hatteras , allowing greater vertical mixing here 
than to the north where the pyncnocline is  better developed. 

d .  Bottom flow in the areas s eaward from the mouths of 
e stuaries  c an be expected to be shoreward, with intensification of shore­
ward movement during s eason s  in which the land drainage into the estu­
ary is at a maximum. 

Surface circulation. 

The movement of surface water s ,  summarized below, will be im­
portant to the distribution of c ontaminant after diffusion and transport 
from the bottom have brought the contaminant into the surface waters . 

a .  At the seaward end of all c oastal estuaries the surfac e 
flow c an be expected to be s eaward with a tendency toward s outherly 
flow along the coast adjacent to the e stuary. 
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b .  In general the circulation in the Gulf of Maine c ompri s e s  
a c ounterclockwi s e  eddy . The drift along the Maine-Mas s achu s etts 
c oast i s  s outherly, on the order  of Z - 6  mil e s  per day ( 4- 1 3  em/ s ec) . 
The s outherly part of the circulation, in Mas sachu s etts Bay,  is  com­
pri s ed of two drifts ,  one counterclockwi s e  around C ape C od B ay, and 
one ac ro s s the mouth of Mas sachus etts Bay toward the outer coast of 
Cap e  Cod and thence southerly . The drift from Georg e s  Bank is  g ener­
ally west during the spring and summer but mor e offshore and perhaps 
even easterly during the autumn and winter . 

c .  South of Mas s achusett s ,  Rhode Island, and New York the 
coastal drift tend s to be we sterly , 3 - 5  mile s p e r  day , ( 6- 1 1  em/ s ec)  and 
from the offing of New J e r s ey s outhward to C ap e  Hatteras the s et i s  
s outherly with s p e e d s  v arying from 3 - 1 5  mil e s  p e r  day ( 6 - 3Z e m /  sec) . 

d .  F r om C ap e  H att e r a s  to G e or g i a  th e surfac e non-tidal 
drift tends north e a ste rly at s p e e d s  of O .Z to l Z  mil e s  p e r  day, ( .4 to Z 6  
em/ s ec)  with th e high e s t  c onc entration s of d r ift b ottl e s t r andin g s  on the 
s outhe rn side of th e  C ap e s .  F r om G e o r g i a  to D aytona B e ach th e s et 
appear s  to be s outherly and fr om D aytona B e a c h  s outh th e drift appear s 
to be northerly (unpublished data) .  

e .  Redfield and Walford ( 1 1 ) noted that " ·  • waste s likely to 
be transported to b eache s in the surfa c e  lay e r s  should be c arried at 
least 10 mil e s  to s ea if c ontamination of beach e s  is to be avoided . "  The 
percentage frequency of stranding s  of drift b ottles  from ar eas off the 
U .S .  c oast, figure Z ,  indicate s  the variation in what may be c on strued as 
on shor e or offshor e areas of drift . The contours extend farth e st off­
shore in the Gulf of Maine and s outh of Nantucket . They bend in towards 
the mouths of the Huds on River ,  Delaware and Chesapeake B ay s .  On 
the other hand, on either side of the mouths of the s e  e stuaries  the fre­
quency of returns i s  high. Note al s o  the high percentage of  returns from 
bottle s  dr opp ed from Georgia southward.  

Diffusion Proc e s s es 

In addition to the gro s s  transportation of c ontaminants by perma­
nent and s emi-permanent ocean current s ,  the mechanism by which a 
contaminant will move from the bottom if cur rent velocities  are zero 
at the water-bottom interface i s  obviously imp ortant . Thi s mechanis m  
i s  diffusion controlled. Similarly, once the c ontaminant i s  c ontained in 
water its disper sion and sub s equent dilution will al s o  be c ontrolled by 
turbulent diffu sion proce s s e s .  So far as can be dis c overed, there are no 
direct measurements of diffu sion- controlled proc e s s e s  within the areas 
of interest that can be u s ed to evaluate the relative imp ortanc e of the s e  
mechanisms t o  th e  movement of the c ontaminants . It i s  pos sible, how­
ever,  to treat the problem theoretically, by imposing a number of s im­
plifying a s sumptions which give a result that is not an accurate de s c rip­
tion of the diffusion proc e s s ,  but doe s give limiting value s of the 
c oncentration of contaminant in the sea.  Reid ( l Z )  has examined s everal 
cases  in which the following as sumptions were made:  
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a.  The radioactivity in s ea water i s  not depleted by adsorp­
tion by the bottom solids , or by the uptake of marine organi sms . 

b .  Natural radioactive decay has been neglected . 

c .  The diffusion proc e s s  i s  c onsidered to be Fickian.  

d .  The oc ean i s  c onsidered to be of uniform depth. 

The as sumption of Fickian diffu sion implie s  that the dispers ion of 
a c ontaminant at di stances  from the source i s  much slower than is known 
to occur . The as sumptions of no ads orption by bottom solids and marine 
organisms,  and no radioactive decay obviously lead to an overe stimate 
of the conc entration of c ontaminant . 

Several cas e s  ar e consider ed, corre sponding to pos sible c onditions 
of r elease  of the c ontaminant to the sea.  The s e  are summarized below.  

Sustained Gros s Sour c e .  Thi s case  i s  analogou s  to  the c ontinued 
release of a c ontaminant, at a known rate , as from the end of a pipe, or 
the diffusion of c ontaminant fr om ruptured cani ster s ,  under a steady 
state c ondition of supply and rupturing of canister s .  

C onsidering a bottom disposal area of dimension L x L ,  over  
which the water depth is  D,  with a uniform current of speed U par all el 
to the coast, and a diffusivity coefficient K, the maximum conc entration 
of c ontaminant Cm along the axi s of the current at di stance x from the 
sourc e ,  (when x i s  large compared with L} for a rate of supply Q, i s  
given by : 

( 1 ) 

C - --=Q==­· - 20 � 

The maximum c onc entration at various distanc e s  as evaluated 
from equation ( 1 )  are li sted in Table IV for the following c onditions :  

Rate of supply Q = 1 00 curie s  per year (274 me / day} 

Depth of water D = 30 mete rs  ( 90 feet) 

Diffusivity c oefficient K = 1 cm2 I s ec 

Current velocity U - 10  em/ s ec { approx. 5 n.mi /  day) 

20 
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TABLE IV 

MAXIMUM CONCENTRATION C m• AT DISTANC ES X FROM 

SUSTAINED GROSS SOURCE WI1H RATE OF SUPPLY 100 
CURIES PER YEAR 

x (Km) 

2 

4 

1 0  

20 

40 

100 

1 X 1 Q•7 

5 X 1 Q•8 

3 X 10"8 

It has been estimated that because  of the as sumptions under which 
equation ( 1) was developed, the conc entrations li sted in Table IV ar e 
certainly high by at least a factor of 1 0 ,  and probably by a factor of 1 00 .  

Instantaneous  Sourc e .  This case i s  analogou s  t o  th e  sudden rup­
turing of a cubical cani ster on the bottom under the as sumption that all 
of the contaminant i s  then free . A s suming no current to aid in dispersal, 
the reduction in c oncentration at the cani ster due to diffusion proc e s s es 
is  given by: 

(2) c v c = --2 
4 ( TtK t ) 3/2 

where,  C = the concentration at time t 

C = initial c oncentration 
0 

V = volume of cani ster 

K = diffusivity coefficient 

The ratio of the interim c onc entration to initial conc entration as 
a function of time for the specific case of K = 1 cm2 / s e c ,  V = 1 90 liter s  
{volume approx .  50  gallon s )  is  given in figure 3 .  It is  s een that 0 .0 1  
curies c ontained initially in appr oximately 5 0  gallon s ,  C 0  = 54 IJC / kg , 
would b e  reduc ed to approximately 2 11c /kg in 1 hour and to 0 .0 6  IJ,C /kg 
in 10 hour s .  
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In addition to the time - c onc entration r elationship, it i s  of inter e st 
to know the effect of distanc e from disp osal s ite on the concentration 
for p oint s our c e s .  The maximum relative c onc entration (C/C o) as a 
function of distanc e from the sit e  i s  shown for three cas e s  in figure 4.  
Curve 1 a s sumes infinite depth of water,  curve Z a s sum e s  that th e  ratio 
of water depth to c ani ster size i s  1 00, and curve 3 a s sumes infinite 
depth and that all of the waste i s  not immediately available but diffu s e s  
from the ruptured canister at a uniform rate under th e  c ondj.tions that 
the diffu sion coefficient thr ough the ruptured canister i s  l <r<'  that of the 
diffusivity in the water .  The latter cas e is di s cus s ed b el ow .  

Continuou s Sourc e  at Uniform Leachin Rate . This cas e treats 
the situation analogou s  to the d "  usion o c ontaminant from the conc rete 
that remains afte r  the steel casing has c orroded and affords no further 
c ontainment . In the development of thi s case, it has been as sumed that 
the amount of c ontaminant diffu sing through the permeable c onc rete 
wall s is dir e ctly prop ortional to the surfac e area of the c ontainer, di­
rectly p r oportional to the diffe renc e  in c onc entrations in s ide and imme­
diately outs ide the container, and inver s ely proportional to the thickne s s 
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of the walls .  The effective diffusion coefficient through the wall s is  
taken as the molecular diffusivity time s the porosity of the walls ,  and 
in numerical computations is as sumed to be 10-6 cm2 I sec . The relative 
c oncentration-distanc e relationship is shown by curve 3 in figure 4 .  

Reid further shows that under the condition of continual supply of 
c anisters  to a disposal area and given the as sumptions noted above, the 
time required to r each a steady state between rate of di sposal and leach­
ing rate will be fourteen year s .  That i s ,  only after fourteen year s will 
the quantity of contaminant releas ed to the water be  equal to the rate at 
which contaminant is deposited on the bottom in cani ster s .  U the life of 
the steel cani ster is  ten year s ,  as noted previously, the time to reach 
steady state would then be an additional ten year s ,  or a total of twenty­
four year s .  

SORPTION AND EXCHANGE 

Coa stal water s in general c ontain relatively large quantities  of 
suspended solids .  The solids are in part living organic material s ,  the 
plankton, and in part susp ended, inanimate,  organic and inorganic s olids . 
A p ortion of the latter are material s  being carried seaward by land 
drainage sour c e s  and will ultimately become bottom deposit s . Another 
portion, that usually near the ocean bottom, i s  p eriodic ally brought into 
susp ension by tidal action and storm- generated turbulenc e .  All the s e  
materials including the "bottom" have a m ea surable · tendency t o  ads orb 
( remove from solution) and to hold sub stance s  dis s olved in the water .  

The s orptive properties  of the s e  s olids are extremely variable .  
Neglecting for the moment uptake by marine organisms,  the quantity of 
material adsorbed by a given weight of suspended inorganic s olids will 
dep end upon the mineral c omposition of the s olids ,  the composition of 
the s olution in which the s olids are suspended, and the past history of 
the s olids . All of the s e  factor s ar e nearly impos sible to evaluate quan­
titatively for conditions likely · to be found in nature . 

Although impos sible to evaluate quantitatively, it s eems c ertain 
that sorption proc e s s e s  will play a maj or role  in c ontrolling the dis­
per s al  of radioactive waste s once they are free of the canister . This 
conclusion is based upon the r e sults of a few labor atory studie s ,  in ad­
dition to qualitative field ob servations made during bomb te sts and by 
the British at their disposal operation in the Iri sh Sea . The details are 
given in NAS-NRC publication 55 1 ,  chapter  6 ( 5 ) ,  and ar e summarized 
below: 

1 .  Partial r emoval of mixed fi s sion p roducts from solution was 
achieved by c entrifugal s eparation of naturally oc curring s olids from a 
c ontaminated s olution . 

Z .  The sorption of phosphate, iodide, iron m, strontium, sulphate,  
and copper II onto Che sapeake B ay s ediments has been measured under 
a variety of environmental conditions .  With the exception of iodide, ap­
preciable removal from solution by the solids was obs erved under all 
c ondition s ,  
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3 .  Sorption onto s elected clay minerals has been studied and i s  
recommended as a means of s olution dec ontamination, under certain 
condition s .  

4 .  The differenc e s  in composition between marine s ediments and 
the solids carried to s ea by rive r s  is attributed to exchange and s orp­
tion r eaction s between the solids and dis solved sub stance s  during sedi­
mentation . 

5 .  The s ediment s  in the area around the end of the dis charge line 
from the British Atomic Energy Authority proce s s ing plant at Windscale 
on the shore of the Irish Sea, show a r elatively large accumulation of 
radioactive sub stance s .  

Although some of this information i s  quantitative it cannot b e  ap­
plied directly to the disp er sal probl em we are con sidering . Neverthe­
le s s ,  s inc e radioactive waste components and naturally occurring sus ­
pended an d  deposited solids generally exhibit exchange an d  s orption 
r eaction s ;  and since the disposal c anisters will be  partially or p erhap s 
completely buried in bottom depos its  during the time the waste com­
ponents are e s c aping from them, it s eems inevitable that the s e  reac­
tions will have a major influence in controlling the rate of dispersal 
and ultimate distribution of the waste s . 

The s e  sorption and exchange reaction s appear to us  to be a s afety 
factor { an exception i s  noted below) in disposal problems . So far as 
uptake by permanent bottom deposit s  ar e c oncerned the effect is  that of 
achieving additional c ontainment time, thus providing for greater radio­
active decay than would be achieved by containment only in the canister . 

Ther e  is at least one situation in which sorption onto bottom de­
posits  may r epres ent the development of a possibly hazardous  situation. 
Thi s i s  the situation in which bottom ar eas adjacent to a disposal site 
are the s our c e  of marine food products such as oyste r s ,  clams,  mus ­
s el s ,  etc . In thi s  cas e accumulation of wastes on the bottom would pro­
vide for a gr eater level of c ontamination of the food product than would 
occur in the ab s ence of sorption and exchange with tli'e bottom. Our 
rec ommendation of a complete survey of a propos ed inshore di sposal 
area prior to the start of disposal operation will help preclude the de­
velopment of such a hazard. 

B ec au s e  we are unable to make a quantitative e stimate of the 
magnitude of uptake on suspended and deposited solids,  we have neg­
lected this factor in our evaluation of the quantities of wastes likely to 
be found in the water and in marine food products for various  rate s of 
di sposal of radioactive wastes .  We believe that by neglecting this 
factor our recommendation s  conc erning disposal rates include a s afety 
factor of at least 1 0, and pos sibly mor e .  
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PERMISSIBLE CONCENTRATIONS OF RADIOISOTOPES IN SEA WATER 
AND UPTAKE BY MARINE ORGANISMS 

We have noted previously that we con sider the r eturn of radio­
active waste s  to man in the form of c ontaminated marine food products 
to be the most s erious potential hazard that might be created by the use  
of near- shore areas as disposal sites .  

The ability of aquatic organi sms to conc entrate c ertain sub stance s  
within thems elve s  at higher level s than exists in their environment i s  
well known . From earlier studie s involving the c oncentration of the 
major nutrients ,  carbon, nitrogen, and phosphorus by phytoplankton and the 
aquatic plants ,  and the pas s ag e  of the s e  material s from plants to animals 
through succes sive prey - predator step s ,  we have a g eneralized picture 
of the nutrient cycles  in which many kinds of aquatic organisms are in­
volved. Following the s e  early studie s  with the major nutrient s ,  s everal 
of the trace metal s that appear a s  minor but e s s ential nutrients were 
studied, and recently the behavior of radioisotop e s  of s everal biologi­
c ally important elements has become known. Thi s information was 
di s cus s ed in detail in NAS-NRC publication 5 5 1 ,  chapter s 7 ,  8, and 9 
(5 ) . Using this information, plus the re sults  of studi e s  completed since 
1 95 7 ,  we can e stimate the quantitie s  of many radionuclide s  that will be  
c ontained within a variety of aquatic organi sms when their environment 
contains stated concentration of the s ame nuclide s .  

We have combined thi s information r egarding the probable quan­
titie s  of radionuclide s in commercially landed fi sh with figure s for max­
imum permi s s ible conc entrations in drinking water,  to obtain the quan­
tity of radionuclides that will be returned to man in marine food pro­
ducts ,  as follows : 

1 .  The MPC value s  { 3 )  are bas ed upon acquiring a p ermi s s ible 
body burden of a given r adionuclide , below which no obs ervable biolog­
ical damage will occur, by drinking approximately 1 5 , 000 milliliter s  
( 1 5  liter s )  of water p e r  week, at MPC level s ,  for 3 0  year s .  Thus,  the 
MPC values permit the calculation of a p ermis sible weekly intake for 
each of the nuclide s listed. For example,  the MPC value for Sr90 i s  
8 x 1 0 ·7 ��oc / ml .  We calculate the permi s sible weekly intake of Sr90 to 
be l .Z X 1 0  ·2 IJ.C . 

z .  Using the permi s sible weekly intake as calculated above and 
figure s for the quantity of fi sh e aten per p e r s on per week, it should b e  
pos sible to compute the maximum permi s s ible c onc entration of any 
nuclide in fish.  

In c ontra st to the drinking of water,  man 1 s seafood eating habits 
ar e extremely variable .  According to Taylor ( 1 3) the average U .S .  c on­
sumption of s eafood is approximately 1 0  pound s per year . C omparable 
figure s  for other  c ountri e s  are Franc e,  Z O ;  Great Britain, 48 ; Japan, 
1 1 1 pounds per year . The average con sumption of s eafood, however, 
has little signific ance since large proportions of the population live far 
from the sea coast and eat little or no fish or othe r  marine products .  
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A man would have to eat approximately four pounds of fish weekly in 
order to match the average U .S .  protein consumption. It has seemed to 
us reasonable to take a value approaching this as the extreme cas e of 
an individual subsisting almost entirely on fish as the source of protein 
in his diet, and have used 1 .5 kg ( 3 .3  pounds) per week in further com­
putations . For example, for Sr 90 ,  using l .Z x 1 0 ·2 J.&C , computed above, 
as the maximum permi s sible weekly intake of nuclide and 1 .5 kg as the 
weekly consumption of fish, we compute 8 x l 0 -3 J.&C /kg as the maximum 
permissible concentration of Sr 90 in fish. 

3 .  Next, having the maximum permis sible conc entration of a 
nuclide in fish and the concentration factor achieved by fish for the 
nuclide we compute the maximum permissible concentration for the 
nuclide in sea water . Again using Sr90 as an example, the maximum 
permis sible concentration in fish of 8 x 1 0"3 �.& c /kg, combines with a 
concentration factor of 1 0, as suming the density of fish to be 1 .0, to 
give a maximum permi s sible concentration in sea water of 8 x 1 0 ·4 J.& C /  
liter o r  8 x l o -7 �.&c / ml, which by coincidence is  identical with the MP C  
value in drinking water . 

4 .  The se  computations are summarized by the relationship: 

MPC X D = PSC X f X F 

where: 

MPC = maximum permissible conc entration in 
drinking water ( J.&C I ml) 

D = volume of water drunk per week, taken 
as 1 5 ,000 ml 

PSC = permissible sea water concentration (�.&c/ml) 

f = concentration factor by the organism 

F = weekly consumption of fish, taken to be 1 .5 
kg, and as suming a density of 1 .0, to be 
equivalent to 1 ,500 ml. 

Computations,  outlined above, have been made for a number of 
radionuclides,  including the major isotopes shipped from ORNL, as well 
as several of the more hazardous fusion product elements . These com­
putations are summarized in Table V .  

POSSIBLE CONFLICTS WITH OTHER INTERESTS 

Commercial Fisherie s 

Many areas along the Atlantic and Gulf coasts of the United States 
have well developed, active fisheries . The disposal of radioactive wastes 
in these  areas might be objectionable, not only because of the poaaibUity 
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H 3  

c 14 

Na 24 

p 32 

5 35  

K 42 

Ca 4S  

Cr 51 

Fe 59 

Ca 60  

Cu 64 

Zn 65 

Sr 90  

I 131  

c. 137 

lr 192 

TABLE V 

SUMMARY OF PERMISSIBLE COHCENTRATICI4 OF SELECTED 
RADIONUCLIDES IN DRI NKING WATER; EDIBLE MARINE 
PRODU CTS; AND SEA WATER 

1 .  2. 3. 
Maximum weekly 

MPC (1.1c/cc) dose (l!c) PFC (1.1c/gm) 

0.2 

3 x 1o·3 

8 X 10·3 

2 X J0-.4 

5 X 10•3 

1 X Jo-2 

5 x  10-.4 

5 X J0"2 

4 X 10•3 

2 X 10·2 

8 x 10"2 

6 x 1o-2 

8 X 10"7 

3 X 10·5 

1 .5 x 10"3 

9 X J o-.4 

3.000 

45 

120 

3 

75 

1 50  

7.5 

750 

60 

300 

1200 

900 

0.012  

0.45 

22.5 

13.5 

2 

3 x 1o·2 

8 X 10"2 

2 x 1o·3 

5 x 1 0·2 

1 x 1o· 1 

5 x Jo-3 

5 x 1 o·1 

4 X 10"2 

8 X 10"6 

3 X J0-.4 

1 .5 X 1 0"2 

9 X 10"3 

4. 
Concentration 

factor 

0 .5 

4 X J{)'l 

5 

10 

10 

10" 

10" * 

5 X J()3 

5 X J()3 

10 

100 

SO** 

1 . Handbook 52 values (3). 
2. From MPC and weekly ingestion rate of 15 l itera of water. 

5. 

PSC (l!clml) 

1 .6 X 10"1 

5 X 10"8 

1 X 10"2 

1 X 10·2 

5 X 10"4 

4 X J0-6 

2 X 10"5 

1 .6 X J0•4 

1 .2  X 10"4 

8 x 1o·7 

3 x 1o·6 

3 X 10"4 

3. Permiuible fish concentration. From maximum weekly dose, and weekly ingestion rate of 1 .5 
kg of f ish. 

4. The concentration factors for the soft tiaauea of vertebrates or invertebrates, wh ichever ia 
h igher, from Revel le and Schaeffer (5). In al l caaea, except P 32, figures are for inverte­
brates; vertebrates are lower by a factor of one half to one tenth. 

*Maximum factor for plankton species. Ketchum and Bo-n (in prea a). 

**Data for soft tiaauea of oysters. Chipman (unpubl ished). 
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of contamination of the fish, with the development of a potential hazard 
to c onsumer s, but also because the accumulation of disposal containers 
on the bottom might create a hazard to  fi shing equipment, especially to 
trawl gear that would become damaged or pos sibly lost if dragged over 
heavy concrete disposal container s .  Furthermore, if radioactive dis­
posal areas are to be closed to fishing, as they undoubtedly should b�, 
it is in the interest of the best uses  of our marine resources that dis­
posal areas be placed where little or no fishing now occurs . 

In some areas the fishing intensity is well d
.
efined. This is the 

case in the coastal area northward from Long Island and including the 
Gulf of Maine . Most coastal e stuaries have well developed fisheries .  
Thus,  such areas a s  Delaware Bay, Chesapeake Bay, Albemarle Sound 
and Pamlico Sound are undesirable locations for dispos al  sites not only 
because of the shoreward transport in the bays and the restricted circu­
lation in the sounds, but also because of pos sible conflict with the fish­
eri e s .  

The region east an d  slightly south of Long Island between th e  3 0  
an d  SO  fathom contour s,  in which fishing ves s els are unlikely t o  b e  found, 
coincides with the region noted previously to be characterized by "sum­
mer stagnation" .  The lack of fishing effort in this area suggests it as a 
pos sible location for disposal sites .  However, the restricted circulation 
through the region for about six months of the year suggests that during 
the times of " stagnation" an accumulation of wastes might occur in the 
area to such an extent that adj oining areas might be adversely affected 
once circulation is re stored following the fall tum- over . At best, re­
gions of this kind should be used as disposal sites only after a careful 
study of the year round exchange of water with adjoining areas . 

Unfortunately, detailed studies have not been made over the en­
tire Atlantic and Gulf coasts . However, it s eems likely that appropriate 
information can be obtained, for any propos ed site, from state and local 
fisheries group s .  

In general the trend i s  toward the development of fisheries in 
deeper and deeper water. At pre s ent very little fishing i s  done beyond 
100 fathoms . However, experimental fishing has been carried on out to 
1000 fathoms,  and indications are that with an increased demand for fish 
and with the development of the proper fishing gear, these relatively 
deep areas can support a considerable fishing effort. 

Submarine Cables . 

The disposal of packaged radioactive wastes in areas through 
which submarine cables pass will be obj ectionable from two points of 
view. Fir st, there is a possibility of damage to the cable should a dis­
posal container fall directly on it during disposal operations . Second, 
during cable maintenance and repair it is common practice to drag 
grappling equipment acro s s  the ocean bottom to locate the cable and to 
bring it to the surface .  An accumulation of disposal containers on the 
bottom in such a location not only could interfere with the grappling 
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operation but might result in the premature rupture of a disposal con­
tainer with possible exposure of per s onnel to measurable radiation. 

The location of submarine cables  along the east coast of the 
United State s i s  shown in figures 5 and 6 .  Proposed disposal sites have 
been chosen in areas not c ros s ed by cable s .  

MAXIMUM RATE OF DISPOSAL 

The maximum rate of disposal should be such that permissible 
s ea water conc entrations are not continuously exce eded. Several 
problems aris e  when this c riterion is applied to practical disposal oper­
ations . Firstly, disposal is  a dis continuous proces s and even though 
activity will probably leach slowly from disposal c ontainer s for quite 
s ome time following rupture of the canister, it is highly unlikely that 
the rate of supply of activity to the water will be constant. How then 
should we average such a proc es s ? Secondly, the flux of contaminant 
from a disposal container will decreas e as the amount of contaminant 
in the contain,er decreases ,  producing an effect similar to that noted 
above . Thirdly, only a small fraction of the total volume of c oastal 
water s will actually pas s dir ectly over a disposal area, although a 
much larger fraction of the total volume will be available for dilution . 
Most of the s e  problems involve the averaging of concentrations that 
will be above and below permissible sea water concentrations for un­
known lengths of time . 

We have solved this problem by using the boundarie s  of the dis­
posal area as the spatial limit beyond which the c oncentration of c on­
taminant should � exceed the permi s s ible sea water concentration. 
Using the relationship shown in equation 1 ,  (p . ZO) and as suming that a 
disposal cani ster will not contain more than Z curie s  (approximately 
the limit s et by ICC regulations) ,  we find that for a di sposal area Z 
miles in diameter {the size of s everal sugge sted disposal areas),  a dis ­
posal rate of between ZOO  an d  3 0 0  curie s of strontium 90 p e r  year will 
keep the concentration below the permis sible sea water conc entration 
at the dispos al  area boundary. We have chosen Z S O  curies of strontium 
90 or its equivalent . 

PRE-USE SURVEY AND MONITORING 

A preci s e  evaluation of the quantity of radioactive sub stance s  
that will be r eturned to man as th e  re sult of a stated rate of disposal 
into any one of the s elected areas cannot be given. The r ecommended 
maximum r ate of disposal (ZSO  curie s  of Sr 90 ,  or its equivalent) will, 
even under the most unfavorable combination of cir cumstance s ,  r e sult 
in concentrations of contaminant outside the disposal areas below per­
mis sible level s .  

In order t o  obtain e s s ential information not now available that will 
permit full utilization of the disposal areas without limiting other uses  
of coastal water s ,  the committee r ecommends ,  ( 1 )  a survey of any area 
prior to disposal operations,  and (Z ) the monitoring of an area sub s equent 
to the beginning of disposal operations . 
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The pre - u s e  survey should be de signed to pr ovide the following 
information: 

( 1 ) Detailed circulation, including s e as onal variations ,  in and 
adjac ent to the disposal area, c onducted so as to pe rmit an evaluation 
of the dilution afforded by turbulent mixing within the area and transport 
from the area by ocean current s .  

(l) Measurement of the seasonal vari ations in the kind and quan­
titie s  of aquatic organi sms within and adjac ent to a di sposal area, e s ­
pecially organisms attached t o  or living i n  the bottom. The s e  may c on­
centrate or move c omponent$ of the waste s and so act fir st as a c on­
tainment element and s e c ond as a c onvenient indicator , during sub s equent 
monitoring op eration s ,  of the spread of activity throughout the di sposal 
are a  and of pos sible "leaking " out of the di spo sal area.  
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( 3 )  Analysis  of bottom s ediments for mineral type s, e specially 
for components known to have high ab sorptive cap acitie s ,  e .g .  the clays . 

( 4) Analysis of bottom organisms and bottom deposits for exi st­
ing radioactivity . This will be low prior to di sposal, being primarily 
from natural activitie s and fall- out . The analysis  should be conducted 
so as to distinguish between naturally occurring K40 and C l 4  and man­
made isotop e s ,  e specially Sr90 . 

( 5 )  The exi stence of commercial and sports fishing activities  
within and adjacent to  the s elected ar ea, determined by r eference to  U. S .  
Fish and Wildlife records and state and local authoritie s .  

Monitoring of a di sposal area at interval s following the start of 
disposal operation s  will be e s s ential to the safe and efficient use of an 
area.  Monitoring procedurea should include the collection of both 
bottom living organisms and bottom s ediments,  and analysis  of each for 
radioactivity . The frequency of s ampling and the methods of analysis 
should be such that e stimates of the following can be made : 

( 1 )  the c ontainment provided by disposal canister s ;  

(2) the distribution of waste components in th e  biota and the 
bottom sediment s ;  

( 3 )  the existence of a steady state involving disposal rate an d  dis­
tribution within the di sposal area. 

DISPOSAL AREAS 

Sugge sted disposal areas are shown in figure 7, and their exact 
loc ation listed in Table VI. 

Inas much as there  are a number of disposal areas pres ently 
available, designated as "explosives dumping area" or "dumping ground 
(by permit only) ", some of which have been used heretofore for the dis­
p osal of l ow level radioactive wastes as well a s  for certain toxic chem­
ical waste s ,  we have included the se areas in the list of suggested sites .  
W e  have numbered the site s 1 to 1 2 . Alternative s ites  have been marked 
with the sub s c ript .!. or .!:!, indicating that they might be used as secondary 
disposal areas but are more inconvenient to reach than the primary dis­
posal area. 

Most of the dumping areas are large :  10 x 10 miles ,  10 mile s  in 
diameter, or the like . We have indicated the center s of the s e  areas, 
with one exception. Additional sites listed might be two mile s  in diam­
eter centered on the positions given. Sites presently listed in "A special 
r eport on disposal of radioactivity into Atlantic Ocean water s -past, 
pres ent, and predicted", U.S.A.E . C .  Division of Reactor Development, 
November 1 95 7 ,  are marked with an * .  
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TABLE VI 

LOCATION OF SUGGESTED DISPOSAL AREAS 

To serve Boston, Massachu setts :  

1 *  42025.5 ' N  70035 ' W  3 1 2 ft. 2 mi les i n  d iameter, marked " Foul Area, Explosives• presently 
used by Crossroads Morine Di sposal Company, 22 mi les from Boston, Chart 1207. 

1 a* 41 "33 'N 650JO 'W 6000 ft. " E xplosives Dumping Area• 10 x 10 mi les square, Chart 7 1 .  

T o  serve Prov idence, Rhode I s land : 

Just subsequent to the first printing of this  report locations 2 and 2a (41 ° 1 9.7 'N 7 1°63 'W 
and 41°14  'N 71 �5 'W respectively) were replaced by 2c and 2d (41 ° 1 3  'N 70049 1W, 62 ft., 
Southern half of prohibited area around • No man's land, • south of Martha's Vineyard, Mass. 
Chart 1210; and 4�13 'N 6�48 1W, 780 ft., 10  x 1 0  mi les square, 16  mi les northeast of 
Cape Cod Light, Moss., Chart 71 ) 

2b · 40045 'N 70°52 'W 202 ft. • exp los ives Dumping Area, Disused•. 10 x 10 mi les square, 
45 mi les from Sakonnet Point, Rhode I s land, Chart 71 , 1 108. 

To serve New York · De laware Bay: 

3 39026.7 1N 73°56.6 'W 80 ft. "Danger Area• 2 m i les in d iameter 22.5 mi les from Atlantic 
City, Chart 12 17. 

3a* 380JO 'N 7� 'W 7200-9000 ft. "Explos ives Dumping Area• 10  x 10 mi les square, 1 18 
m i les 098°T from F ive Fathom Bank l ightship, Chart 1000. 

3b 38005 'N 73�4 'W 5580-6360 ft. • e xplos ives Dumping Area• 10 x 10 mi les square, 70 
mi les 12]0T from F ive Fathom Bank l ightsh ip, Chart 1 109. 

To serve Norfol k, Virgin ia :  

4 36°49 'N 75�7 'W Wreck 9- 1/4 in 66 ft. 37 m i les from l ittle Creek, Chart 1 109. 

4a 37°19 'N 74a15  'W 3000-4800 ft. "Exp los ives Dumping Area• 10 x 10 m i les  square, 73 
mi les 074°T from Chesapeake l ightsh ip, Chart 1 109. 

4b* 36°30 'N 74°18 'W 6000-7500 ft. " Explos ives Dumping Area• 10 x 10 m i les square, 74 
mi les 1 13°T from Chesapeake l ightship, Chart 1 109. 

To serve Morehead City - Beaufort, North Carol ina: 

5 34�6 'N 76°54 'W n-81 ft. A "tear up• area accord ing to "Report of North Carol ina 
Shr imp Survey•, Institute of F i sheries Research Un iversity North Carol ina, January 
195 1 .  22 m i les from Morehead City, Chart 1234. 

To serve Savannah area: 

6 3�0 1N 7�55 1W 60 ft. "Dumping Ground (by permit only)• 8.5 m i les d iameter, 20 m i les 
136°T from mouth of North Edi sto R., Chart 1 1 1 1 . 

------
* See last paragraph on pave 33. 
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TABLE VI-Continued 

6o 3�00 'N S0030 'W 60 ft. A poor bottom for fi sh ing. 18 m i les  from Ft. Screven, Chert 1 240. 

6b 320 1 5 'N 7S040 'W 1 20 ft. " Explos ive s  Dumping Area",  10 mi les d i ameter, 70 m i le s  from 
Char leston, South Carol i na, Chert 1 1 1 1 . 

To serve Jacksonv i l le, F l or ida: 

7 30033 'N 81 009.2 'W 67·70 ft. "Wreck, 42 ' Reported", 18 m i les  from Mayport, Chert 1 243. 

7o 30°37 1N 7CJ053 'W 1 800 ft. " E xp l os ives Dumping Area, Di su sed",  83 m i les from Mayport, 
Chart 1 1 1 1 . 

To serve the. F l or ida pen i n su Ia :  

8 26°05.5 'N 80002.5 'W 3600 ft. 2 m i les  east of Port Everg lades Sea Buoy, Chart 1 248. 

To serve Pensacola - Mobi le Boy : 

9 2CJ048 1N 870J3 'W 1 38 ft. "Dump i ng Ground" 35 mi les from Pen saco la, Chart 1 1 1 5. 

9o 2CJ048 1N 87° 10 'W 600 ft. Rough ground not su i tabl e for trawl i ng, 34 m i l e s  from Pensacola, 
Chart 1 1 1 5. 

9b 29022 1N 87°1 5 'W 1 800 ft. " E xp los ives  Dump ing Area, Di su sed ", 10 x 1 0  m i l e s  square, 
Chart 1 1 15. 

To serve New Orlean s, Lou i s i ana :  

10  28°40 'N SCJ051 'W 600 ft. Rough ground, not sui table for trawl ing, 26  m i l e s  from Southwest 
Pass, Chert 1 1 16. 

l Oa 280JO 'N 89°1 0  'W 1 800 ft. " E xplos ive s  Dump ing Area, D i su sed",  10 x 1 0  m i l es square, 
30 m i l e s  from South Pass,  Chart 1 1 15 .  

lOb 2s<'25 'N saoss •w 3600 ft. " Explosives Dump ing Area", 1 0  X 1 0  mi les  square, 36 m i le s  
from South Pass, Chart 1 1 15.  

To serve Galveston, T exos :  

1 1  2CJOOO 'N 940J5 'W 54 ft. Southernmost corner of o 5.5 x 1 1  m i l e  rectangl e. " Dump ing 
Ground (by perm it  on ly)" 21  m i l e s  from Galve ston Entrance, Chart 1 1 16 .  

1 1 o  2CJ022 'N 93°40 'W 42 ft. Rectangu l ar 4 x 9 m i le s  "Dump ing Ground (by permit  on ly)" 
19  m i les  from Sabi ne Pass, Chart 1 1 16. 

1 1 b 27°40 'N 930JO 'W 1 500 ft. " Explos ives Dumping Area, D i su sed" 1 0  x 1 0  m i les square, 
1 00 m i les 175°T from Galveston Entrance, Chert 1 1 16. 

To s erve Corpus Chr i st i ,  T exo s :  

1 2o 2]0 15 'N 96000 'W 1 500 ft. " Explos ives Dump ing Area, Di sused", 10 x 1 0  m i l e s  square, 
65 m i les 1 22°T from Aransas Pass, Char t 1 1 1 7. 
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