
<n 

INTERNATIONAL ATOMIC ENERGY AGENCY 
OECD NUCLEAR ENERGY AGENCY 

INTERNATIONAL SYMPOSIUM ON THE IMPACTS 
. OF RADIONUCLIDE RELEASES INTO THE MARINE ENVIRONMENT 

Vienna, 6-1C October 1980 

IAEA-SM-248/142 

ENVIRONMENTAL STUDIES DATA BASE 

DEVELOPMENT AND DATA SYNTHESIS ACTIVITIES 

OF THE U. S. SUBSEABED DISPOSAL PROGRAM 

L. S. Gomez , R. R. Hessler2, D. W. Jackson , 
M. G. Marietta1, K. L. Smith, Jr.2, 
A. A. Yayanos3. 

1. Sandia National Laboratories 
Albuquerque, NM 87185 

2. University of California 
Scripps Institution of Oceanography 
La Jolla, CA 92093 

3. Concepts Development Incorporated 
Albuquerque, NM 87106 

This is I preprint of a paper intendtd for presentation at a scientific meeting. 8ecause of the provisional nature of its 
consent and since changes of substance or detail may have to be made before publication, the preprint is made available on the 
understanding that it will not be cited in tha literature or in eny way be reproduced in its present form. The views expressed and 
llvt statements made remain the responsibility of the named author(s); the views do not necestarily reflect those of the govern
ment of tha designating Member State(s) or of the designating organization!!). In particutir. nettner r/le IAEA nor any orner 

•ft 



IAEA-SM-248/142 

ENVIEONMENTAL STUDIES DATA BASE DEVELOPMENT 
AND DATA SYNTHESIS ACTIVITIES OF THE U. S. SUBSEABED 

DISPOSAL PROGRAM 

Abstract 
The U. S. Subseabed Disposal Program is assessing the 

scientific feasibility of subseabed emplacement of high-level 
nuclear wastes. Studies of disposal methods and of the bar
riers to radionuclide migration (canister, waste form and 
sediment) suggest that environmental information will be 
needed to address the impact of accidental release of radio
nuclides in the deep sea. 

Biological/ physical and geochemical data are being col
lected from field and laboratory studies as well as from 
literature searches. These data are being analyzed using 
a multicompartmental radionuclide transport model and appro
priate physical oceanographic models. The data integrated 
into this framework will help answer two questions—what are 
the environmental effects of radionuclides which may be re
leased in the deep sea, and what are the effects of such a 
release upon man? 

Introduction 
In assessing the scientific feasibility of subseabed emplace

ment of high-level nuclear wastes (HLW), the U. S. Subseabed 
Disposal Program (SDP) is collecting and evaluating information 
about radionuclide transport in the relatively unknown environment 
of the deep sea. As part of this program, the SDP Biology Team is 
charged with gathering information regarding the kinds, amounts, 
distribution patterns, and activity rates of deep-sea fauna. 

Data obtained from field and laboratory studies and litera
ture searches are analyzed using a multiccmpartmental radio
nuclide transport model [1,2], This model provides a theoretical 
framework for evaluating, through parametric study, the assump
tions made regarding the transport of radionuclides from a given 
waste form. 

The questions which need to be answered concerning 
environmental and human dose effects require that the radio
nuclide transport from the canister to roan which might result 
from an accidental emplacement failure must be quantitatively 
defined. For the general situation, one can assume that 
the canister has been emplaced within the sediments, perhaps 
at a shallow depth, and leakage occurs. Then the probability 
of occurrence must be determined for various concentrations 
of radionuclides, as a function of space and time, in materials 



-2-

which lead to doses to both the marine biota for environmental 
effects and to human doses for human effects. 

This is a complex problem with many interactions and 
feedbacks, but the essential calculation that must move forward 
in time and space scales can be divided into parts in a natural, 
but not unique, way (Figure 1). A model of the waste form and 
canister package is required. This is a definition of the source 
function for the ion transport problem. The region around the 
canister where thermal effects are important is called the near 
field. If the thermal loading is low enough that thermal effects 
near the canister are not important, there is no near-field ion 
transport problem, and only the isothermal far-field case must 
be considered. For the iterative process that leads to the 
source definition, it is essential to model the near field. 

The far field calculation provides the radionuclide fluxes 
and pore water velocity fields in the sediments. This calculation 
must account for bioturbation effects in the upper few centimeters 
of the sediments and then provide the concentration field at the 
sediment surface. 

The radioisotope migration must be quantitatively traced 
from the sediment-water interface into materials which lead to 
doses to man or exposures of the biota. Fisheries models for 
affected marine foods, including the human populations feeding 
upon these foods, will be required for population dose effects 
studies. Hazard assessments for a single individual or a special 
segment of the affected human population are hypothetical calcu
lations for a particular scenario. 

The part of the ion transport problem discussed here is the 
water column. This involves the interactions of physical, geo-
chemical, and biological processes in the open ocean as they relate 
to radioisotope transport. 
Physical Oceanographic Model 

The transport problem through the water column is to trace 
the dispersal of a pollutant plume from a bottom source with 
small initial dimension through increasing space and time scales 
to the surface, while accounting for important biological and 
geochemical processes. The approach to this problem draws upon 
existing modeling expertise as follows: 

First, a bottom boundary layer model is required. This 
should include a sediment transport model and the biological 
processes which are important in the lowest 100 meters. Cur
rently, a second order turbulence closure model [3,4) is being 
modified for the special purposes of this disposal problem. 
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Second, a regional eddy-resolving model is required. Ihis 

should include suspended particulate transport with the iniportant 
geochemical and biological processes that can be resolved in 
this tens-of-kilcmeters grid spacing with smaller scale processes 
represented through sub-grid paraneterizations. Currently, the 
Harvard finite-element barotrcpic open ocean model [5,6] is 
being modified to iieet this requirement. 

Third, a larger scale model with a grid scale of hundreds 
of kilometers 17] is required. Again, many modifications of the 
model for this disposal problem are necessary, ana this work is 
just beginning. 

Additional modeling research questions must be answered in 
the near future to study the dispersal of a pollutant plume from 
a bottom source. Some of the high priority questions are: 

• How does one interface models of different space 
scales containing different physical processes in a 
realistic way? 

• How can one handle topographic and coastal effects 
properly in these models? 

* How does one realistically interface biological 
transports with the physical dispersion? 

" How can one handle the important processes such as 
bottom boundary layer detachment or soliton-like 
transport within these models? 

A more complete discussion is contained in the SDP Physical Ocean-
ograpny Vfarkshop report [8]. 

Biological Transport Model 
Existing models of radionuclide dispersal in the marine 

environment have largely ignored biological transport, and 
assumed physical dispersion processes to be the overriding 
consideration. In these nodels marine biota simply accumulate 
radionuclides from water according to concentration factors, and 
lose their tody burden according to biological half-lives, lb 
thoroughly assess possible hazards associated with subseabed 
disposal of radioactive waste, a multicompartment uodel is 
under development that considers both physical and biological 
transport. Physical oceanographic aspects of this effort were 
discussed in the preceding section, and in this section biological 
considerations included in the model are set forth. 
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The initial goal of the biological transport modeling effort 
is to formulate a mathematical model capable of simulating the 
SDP Biology Team's understanding of the flow of potential radio-
nuclide-carrying material through the biotic system, assuming a 
biological steady state and a closed system. The next step is 
to interface the important processes in a realistic fashion 
with the physical oceanographic models. The initial compartmental 
model was constructed in a manner that would allow the coupling 
of the biological and physical processes of similar space and 
time scales. This initial model is not an ecosystem model; it 
is a framework for assessing, through careful parametric study, 
the results of assumptions regarding release and transport of 
certain radionuclides from a given waste form, ito attempt is 
made, at this stage, to account for interactions between popu
lation dynamics, physico-chemical variables, nutrient kinetics, 
etc., that are often considerations in an ecosystem model. 

In keeping with the findings of researchers in the area of 
heavy metal and radionuclide kinetics in aquatic animals, it is 
assumed that the two major pathways for radionuclide uptake are 
uptake via food aud uptake directly from water [9, 10]. It is 
useful to divide "food" into biomass and particle mass. Thus, 
the SDP Biotransport Model is designed to simulate the flow of 
three radionuclide-carrying material categories: water mass, 
particle mass (sediment and suspended particulates), and biomass. 
These material categories are considered in submodels: a euphotic 
zone submodel, midwater zone submodels, and a sediment/ benthic 
boundary zone submodel. 

In the context of this work, compartmentalization refers to 
the division of the ecosystem into recognizable components which 
contain, at any time, a certain amount of radionuclide carrying 
material. In the compartmental model, each compartment is a 
state variable, defined as sets of numbers used to represent the 
state, or condition (in this case, the radionuclide concentration) 
of the system at any time [11]. These compartments are connected 
by the movement of radionuclide-bearing material, forming an 
interactive web. 

The next step in the compartmentalization procedure is to 
divide the web of compartments along natural boundaries imposed by 
the system. In the deep (~5000m) marine ecosystem under con
sideration, two natural zones appear to be the water column and 
sediment/benthic boundary zone. Tne water column is further di
vided into a euphotic zone (0-200 m ) , in which most oceanic bio
logical activity occurs, and a midwater zone. Since biological 
states and rates vary significantly with depth, the midwater 
zone is further subdivided into horizontal -ayers, analogous to 
the layered physical oceanographic models. 
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Since the biomass material compartments represent organisms 
in the submodels, these compartments are divided into functional 
groups of organisms (e.g., phytoplankton, pelagic animals, sedi
ment, infauna) to allow simulation of differential uptake and 
transport of radionuclides by organisms in functional groups [2]. 
The basis for this division is largely the result of spatial 
considerations (which are ultimately sampling considerations), 
although effort is made to include trophic considerations as 
well. 

Details of compartmentalization are presented and discussed 
in a previous paper [2], but it is important to point out the 
hierarchical nature of this scheme. This hierarchical formulation 
allows the inclusion of increasing levels of detail through modif
ication of existing compartments. For example, starting with a 
sediment compartment, one can move to infaunal, interstitial 
water and solid matrix compartments, all within the sediment com
partment. Further refinement could be made within the solid 
matrix compartment by adding bacterial and particulate compart
ments, etc. Since the entire biological transport model has been 
formulated in this hierarchical manner, parametric studies may be 
initiated on a very simple model and moved to increasing levels of 
detail according to the sensitivities identified. 

With the model's conceptual framework established, this 
system of compartments and arrows is translated into a system of 
ordinary differential equations describing the time-dependent 
change in radionuclide concentration for each compartment. The 
fluxes defined in the conceptual framework (equations) define, 
in a general way, the parameters to be considered in the model 
and indicate the kind of observable data required to exercise 
the model. It has been useful to devise algorithms for most 
biological parameters to clearly identify various data, and 
their sources, used in a calculation. Tables I and II present 
the data and algorithms used to calculate values for biological 
parameters. 

Referring to Tables I and II, two definitions are in order. 
First, "mass density" is defined in the model as kilograms wet 
weight mass of compartment material per square or cubic meter of, 
respectively, sediment-water interface or water. Finally, "uptake 
time" is defined as the time, in years, required for a biological 
compartment to take up the fraction a, (a - 0.50, arbitrarily 
chosen) of its mass from another compartment. Through exercise 
of the biological transport model understandings are reached re
garding the interaction between parameters and their relative 
sensitivities. These understandings lead to the ability to inter
face biological and physical transport models, as well as the 
various other models described in the Introduction. The resulting 
system of models provides a framework for predicting radionuclide 
doses to the human papulation, as well as environmental effects 
associated with subseabed disposal of radioactive wastes. 
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Biological Data 
In ecological field and laboratory investigations, it is 

difficult to adequately address all important aspects of the 
ecosystem under study. In order to satisfy data requirements 
defined by an ecosystem model, it is necessary to review data 
reported in the literature from similar ecosystems. Since the 
SDP Biology Program has been operating for a relatively short 
time, data from the literature constitute a large portion of the 
current SDP biological data base. This review and analysis of 
historical data represents a continuing SDP activity directed 
primarily at providing input data for the SDP Biological 
Transport Model discussed above. 

Historical data analysis n the area of biological ocean
ography has concentrated on work done in the deep, oligotrophic 
regions of the Atlantic and Pacific. Data are organized under 
four main headings: water column denrities, water oolumn rates, 
benthic boundary zone densities, and benthic boundary zone rates. 
These zones were discussed in the section on the Biological Trans
port Model. Additionally, an extensive bibliography on radiation 
effects on aquatic biota has been compiled for the SDP 112]. 

Water column biomass densities include measurements of 
a)phytoplankton chlorcphyll-a concentrations; b)zooplankton 
densities measured as dry or wet weight, carbon or nitrogen 
weight, and displacement volume; c)bacterial densities measured 
as cells per unit volume or ATP equivalents; and d)detritus 
densities measured as particulate organic carbon. There are 
few estimates of nekton densities which are often simply estimated 
as a fraction of phytoplankton or zooplanktor. density. Of special 
interest is the way these densities change with depth, and data 
from a few deep-water studies have baen fitted to a regression 
curve to provide estimates of zooplahkton density at great depths. 

Water column rates include measurements of a) phytoplankton 
carbon production rates and doubling time; Abacterial carbon 
consumption rates; c)food ingestion rates for zooplankton and 
nekton based on measurements of oxygen consumption, prey con
sumption, per cent of body weight consumed, and filtering rates; 
dlegestion rates of zooplankton based on fecal pellet production 
rates; and e)sinking rates for zooplankton eggs, molts, fecal 
pellets and dead animals. As with water column biorosss densities, 
ingestion rates are fitted to a regression curve to provide 
extrapolations of these rates to required depths. 

Benthic boundary zone bianass densities include measurements 
of a)sediment bulk density, water content and organic matter 
content; bjbenthic animal densities for meiofauna, macrofauna 
and megafauna measured as numbers and bicmass; and c)sediment 
bacteria densities measured as cells per unit area or ATP 
equivalent. 
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Benthic boundary zone rates include measurements of oxygen 
consumption by abyssal benthic communities, sediment bacteria 
generation times, and sedimentation rates as determined from 
sediment oore samples. In the benthic boundary zone a signif
icant portion of the data have been generated by SDP activities, 
especially oxygen consumption rates and animal densities [13J. 
Finally, a collection of equivalents and correspondencies has 
been assembled from the literature to facilitate the expres
sion of data in common units. 

An effort is made to document, when possible, the variance 
in data obtained from the literature, along with any information 
that may assist in evaluating the reliability of the data. 
A discussion of how these data are used in calculating model 
parameter values was presented in the section on the Biological 
Transport todel. 
Benthic Biology Studies 

The SDP benthic biology studies are focusing on the poten
tial of benthic fauna to disperse or to concentrate any radio
nuclides which may leak from radioactive waste canisters emplaced 
in deep-ocean sediments. Included are studies of the nanobenthos, 
microbiota, meiofauna, macrofauna and abyssopelagic scavengers 
[14-17]. 

Studies are continuing on the distribution and density of 
the microbiota, meiofauna and macroinfauna. These studies are 
important to the SDP, because these are among the roost abun
dant infauna and are at the base of a food web which may ultim
ately include man. 

Amphipods which are a large, highly mobile component of the 
deep-ocean benthic community, may potentially be very important 
in the mobilization of radionuclides released in the deep sea. 
The SDP has therefore focused much of its work on amphipods as 
representative of the mobile scavengers present in the deep sea. 

Historically, the inaccessibility of the deep ocean en
vironment has permitted only a limited view of the functional 
aspects of this ecosystem. During the last decade, jin situ 
and laboratory studies have suggested that biological rates in 
a deep-sea ecosystem may be much less than those in shallow 
water [18-24]. A free vehicle grab respirameter (FVGR), developed 
to measure in situ activity rates of the benthic community in
cluding oxygen uptake and nutrient exchange [22], has been modi
fied extensively so that the sediments on which these measurements 
are made can be returned to the ocean surface for biomass and 
other analyses [25]. The FVGR can also be used to conduct in 
situ studies on the effects and fate of injected stable or low-
level radiolabelled compounds. 
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Because of the need to understand deep-sea microbial 
processes, techniques are being developed for the cultivation 
and identification of deep-sea microbes [26,27]. Several deep-sea 
microbes have been successfully isolated. A bacterium isolated 
from a depth of 5800 m in the Central North Pacific reproduces 
optimally in laboratory cultures at deep-sea pressures [28]. 
Figure 2 shows typical data on the thermal inactivation of the 
deep-sea bacterial strain CNPT-3. The colony forming ability of 
this bacterium decreases with increasing temperature. Evidence 
to date from this bacterium as well as from other isolates, sug
gests that the deep-sea microbial population will stop functioning 
above 15"C at 580 bars, indicating that in the 100°C regions 
around high-level nuclear waste canisters, only spores of thermo
philic bacteria could be viable. The barophilic nature of CNPT-3 
has also been demonstrated 129]. Figure 3 shows the pressure 
dependence of the generation time of CNPT-3. 

Water Q-1'"im Biology Studies 
Foe jnergy exchange through the water column can be viewed 

as either active (flux of nutrients mediated by organism trans
port) or passive (sinking of particulate organic matter 
controlled primarily by gravitational forces) [30,31]. 

The upper layers of the ocean have in the past received the 
most study because of their accessibility. Recently, a free 
vehicle midwater gill net and baited trap-hook array (FVMNT) has 
brjn extensively used to characterize the abyssopelagic fauna 
[32]. Benthic organisms, such as fish and amphipods, have been 
captured hundreds of meters above the abyssal sea floor [32]. 

A giant conical net (100 m diameter and 200 m long) will 
be used to help characterize the abyssopelagic fauna by cap
turing pelagic animals that elude capture by either smaller 
towed nets or the FVMNT array. 

A free vehicle for acoustically assessing abyssopelagic 
animal population sizes and mobility rates is being developed at 
Scripps Institution of Oceanography for the SDP. This acoustical 
array will monitor the movements of abyssopelagic populations 
within a water column 1.9 km in diameter by 100 m high immediately 
above the abyssal sediment surface for months. 
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Phygical Oceanography Data 
Among the benefits of the MODE/POLTiMODE program in recent 

years have been quite a few long-time records of current velocity 
which have been obtained in the deep North Atlantic, and some 
statistical characteristics of the variability of low frequency 
velocity fields [33]. However, in the North Pacific, long-time 
records have not been available and the characteristics of the 
low frequency velocity field are unknown. In 1974, the SDP 
began a current measurement program to obtain current records 
for a period of a year and a half in the deep North Pacific. 
Before the SDP study, Earles' 43-day records of currents [34] 
were the only reported measurements made over a period longer 
than a week. 

Near bottom current measurements were made in the low 
abyssal hill region about 1000 km north of Hawaii. The objective 
of these measurements was to describe the low-frequency vari
ability of the deep current field. These measurements represent 
the first set of long-term current meter records obtained for 
the deep subtropical North Pacific. A complete statistical 
characterization has been reported 135]. For the purpose of the 
SDP, this first study corroborated early laboratory studies 
[361 indicating that the water column could not serve as a barrier 
to radionuclide migration. Thus, the SDP turned early in the 
program to the sediments as a primary barrier. 

Even though the water column is a barrier to mans' intrusion, 
it is not a barrier which will impede pollutant migration on a 
time scale which is comparable to the half-lives of the long-lived 
members of the waste inventory, it is necessary to assess the 
characteristic space and time scales of a pollutant release from 
a bottom source with small initial dimension. Kupferman has 
provided an overview [37] of how the dispersal of a pollutant 
would proceed through increasing space scales frcm the sea bottom 
to the sea surface. In this problem, for hazard assessment, it 
will be necessary to predict the streakiness that results from 
the stirring of a red patch of dye into red streaks (high concen
tration of a passive tracer) separated by clear streaks (low 
concentration of a passive tracer) as well as predicting the 
"pinkness" that results from the molecular scale mixing of a 
red patch. 

Since 1954, stratospheric debris from nuclear weapons tests 
has delivered measurable amounts of artificial radionuclides to 
the world ocean. Initially, oceanographic studies of this 
fallout concentrated on the long-lived radionuclides in the hope 
that they would trace water and particle movements over a long 
tine scale. It is now known that Cs-137 and Sr-90 trace water 
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moverosnts (<5% association with particles), while the lanthanides, 
Pu, Am, and Fe-55 are largely particle-seekers. Ihe temporal 
variations of the soluble fallout nuclides are relevant to 
plume dispersal while the particle-seeker distributions provide 
information on the host particle sinking rates [38]. 

Bowen, et al., have recently presented a new look at some 
GEOSECS Pu data [39] which indicates that Pu may be used as a 
bottom water tracer in the North Pacific just as tritium is used 
as a bottom water tracer in the North Atlantic, the SDP has 
funded some of these Pu measurements in the past, and will con
tinue to support this activity in the future, in order to exploit 
the potential of this tracer in understanding the deep Pacific 
circulation. 

Recommendations of the SDP Physical Oceanographlc Workshop 
Ihe SDP held a physical oceanographic workshop at Big Sky, 

Montana, in January, 1980. At this workshop, a group of expert 
scientists a) assessed the current state of knowledge with regard 
to the physical oceancgraphic questions that must be answered for 
the SDP for high-level radioactive waste; b) recommended necessary 
research in areas where knowledge is incomplete or inadequate; 
and c) identified other ongoing programs with which important 
liaisons should be made and continued, the workshop report 18] 
is a collection of those presentations arid recommendations. 

Following th recommendations, the SDP will undertake 
tasks of high r :• -i'..\ as study sites are identified. Ihe first 
priority is the : •.- il site characterization work, such as deep 
current statist \. • • orographic work, and radon measurements, 
for each site , - •-' plans pilot experiments to include work 
which depends only on existing instrumentation. The areas of 
concern for the benthic boundary layer studies are escapement and 
reentrainment mechanisms, for each site which appears to be 
dynamically different on the basis of the pilot experiments, 
we plan to field benthic boundary layer experiments similar 
to those reported in Armi and D'Asaro [<>0]. These experiments 
will be designed to examine both types of processes which 
bear upon the detachment of benthic boundary layer water, 
i.e., processes which are coupled with the mesoscale such as 
Ekman layer convergence and divergence, and processes which 
are topographically induced. 

As this work is fielded, two other activities can be 
added which the workshop consider^ essential to the SDP 
field program. First, deep SOFAR floats (4000 m) can be 
deployed on each cruise. Ihis would require some new technology 
which could be available within two years. Such experiments 
will allow us to study the Lagrangien transport and water 
spread in the site areas [41]. Second, pop-up float experiments 
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were considered important for this problem, and could be 
added to the bottom boundary layer work. These experiments 
involve carousels of floats which would be released on signal and 
would pop up to the surface giving a single vector measurement. 
these are currently being developed by H. T. Rossby at the 
university of Rhode Island. 

Beep dye experiments which also require new technology 
WE :e assigned a high priority. Historical data analysis of 
shallow open ocean Rhodamine dye experiments has begun [42], 
Besides obtaining data on horizontal spreading and vertical 
diffusivity in the open ocean, dye experiments would be useful 
in special process areas such as benthic boundary layers. 

There are, of course, many recommendations which resulted 
from the Big Sky workshop, only a few of which a single program 
could hope to fund. Those listed above along with the modelling 
work will probably be the first tasks to be undertaken by the SDP. 
Some work will be partially funded by the SDP when opportunities 
to make measurements as a part of other programs become available. 
Examples of these cooperative efforts include the Rhodamine dye 
experiments and Pu measurements in the Pacific. 

The first step towards understanding the relative signifi
cance of the various tasks recommended will be a "Big Envelope 
Workshop." This will be a meeting of a few experts who will 
penorm all the "back-of-the-envelope calculations" that can be 
done on the basis of current understanding. This meeting should 
cover all ccmpoients (physical, biological, and geochemical) of 
the radionuclide transport problem from the far-field sediments 
to man. Through such a workshop, weak links in our knowledge 
may be identified, research priorities may be readjusted, and 
parameterization of important processes for numerical modeling 
may be better defined. This workshop will be held shortly after 
the January, 1981, SDP Biological Oceanography Workshop. Other 
tasks f: cm these workshops will probably begin as the work de
velops and funds are available. 

Summary 
The U. S. Subseabed Disposal Program is conducting environ

mental studies directed at assessing possible ecosystem effects 
and human health effects from radionuclides which .'.ay be released 
from high-level nuclear waste canisters in the deep sea, and 
transported through the water column to the ocean surface. 
Current or planned investigations are attempting to determine 
benthic community structure; benthic community metabolism; the 
biology o£ deep-sea mobile scavengers; the faunal composition of 
midwater nekton; rates of microbial processes; radiation sensi
tivity of deep sea fauna; Pu, Cs, Sr measurements in the Pacific; 
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site-related current meter moorings; repeated hydrographic/geo-
chemical sampling; bottan boundary layer escapement-reentrainment 
experiments; deep SOFAR float experiments; and pop-up float 
experiments. 

The data obtained from these studies, along with data from 
the literature, are being used in the SDP environmental modeling 
effort. These models will allow parametric studies to be made of 
the impact on the ocean environment and on man of potential re
leases of radionuclides. 
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Captions 

Figure 1. Ion Transport Analysis Model 
Figure 2. Shows typical data on the thermal inactivation of the 

deep sea bacterial strain, CNPTr3'isolated from a 
depth of about 5,700 neters in4he Central North 
Pacific Ocean. 

Figure 3. Shows the pressure dependence of the generation tij.E 
of a deep sea bacterial strain isolated from a depth 
of about 5,700 meters in the Central North Pacific 
Ocean. 
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Figure 2. Thermal inactivation of Bacterial Strain CNPT-3 Isolated 
From a 5,700m Depth in the Central North Pacific Ocean. 



Figure 3. Pressure Dependence vs. Generation Time of Bacterial 
Strain CNPT-3 Isolated from 5,700m Depth in the 
Central North Pacific Ocean. 
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Table I. Calculation of mass densities 

Algorithm 
HXfel 
Parameter Kef. Notes 

EPI 
(Epibenthic 
Fauna) 

None used 0.79+0.86 g.ra"" 43, 44, 45 

~lg*m~' 
46, 47 

Ten values from below 
4000m reported from 
the N. Atlantic and 
N. Pacific 

INF 
(Infauna) 

None used 0.70+ 0.74g*m"2 16, 45, 48 

~lg*m~2 

Five values from 
below 4000m 'com the 
N. Pacific a •' 
Mediterranean 

(Pelagic 
Fauna) 

• 4150 z " 1 ' 1 2 -
mass density in 
mg*m~3 wet weight 
a t a given depth 
z , in meters 

z e_ 
100 24 
1000 2 
3000 0.5 
4000 0.4 

49 Net mesoplankton data 
from the Sargasso Sea 
representing eight ob
servations down to 3500m. 
The data were fitted to 
a power law. 

(Detritus) 
• (105.4 z " ' 5 2 ) ( 0 . 0 5 8 ) " 

mass density in 
rag*nr3 wet weight 
a t a given depth, 
z , in meters; 0.058 
i s a conversion 
factor to convert 
carbon mass to 
wet weight mass. 

100 166 
1000 50 
3000 28 
4000 24 

50, 51 Particulate carbon 
data from the N. Atlantic 
and central Pacific rep
resenting five observa
tions down to 3000m. The 
data were fitted to a 
power law and converted 
to units of wet weight 
mass. 

PP 
(Primary 
Producers) 

_ (ch-a) (Kj) . 

mass density in 
mg*m - 3 wet weight, 

ch-a » chlorophyll-a 
concentration 
in mg.m"3, 0.057 

K^ • a factor to convert 
ch-a to phytoplankton 
carbon, 60 

K2 " a factor to convert 
phytoplankton carbon 
mass to wet weight 
mass 

60mg.m~ 

52,53 

54 

55 

ch-a is mean based o 
216 observations from 
0 to 200m in the N. 
Pacific gyre area. 



Ttble I I . Calculation of uptake t l n n 

Algorithm 
Model 
Parameter Data Ref. Notes 

WAT 
(Water) 

-1 t - (WIR) 

WIR " water intake ra te as 
TOSS of water taken up 
per uni t mass of organism, 
10kg WVTAg organism d a y - 1 

a - 0.5 

1.2 hr. 56 This represents an upper 
bound on water uptake by 
all organism compartments. 
Data are from laboratory 
work with shallow water 
marine shrimp 

EPK DST 

EPK INF 

EPK HAT 
(Solid 
Matrix) 

EPK INW 
(Inter
s t i t i a l 
Water) 

t , prcRp (t,3) (df 1 ,, I ( o ) ( P l ) 

OCR • oxygen consumption for EPI, 
0.36 ml 0 2/m 2*h - i 

K3 » factor to convert oxygen to 
carbon consumed, 0.38 

6ix j « fraction of EPI's carbon 69 days 
consumption taken from 
j " 1 compartment, arbi
trary 

"1 

• factor to convert carbon 
from j ^ compartment to 
wet weight mass, 0.068 

• 0.5 

• mass density for EPI 

Assume water confent of sedi
ment is 150* of dry weight 

40 days 

15 hr. 

10 hr. 

13 

57 

Oxygen consumption 
is one-half of mean of 
five observations from a 
mean depth of 4877 + 
1081 m. The other 
is used for INF. 



T»bl« II. (Cont'd) Calculation of uptake times 

Algorithm 
Model 
Parameter Data Ref. Notes 

INF< DET 
INF< MAT 
1NF< INW 

Sams as for EPI 
102 days Sane 
8 hrs. as Sams as EPI 
5 hrs. EPI 

PEL]< EPI 

PELX DSTj 

P2Lj< PEIj 

PEL2< PElj 

PEl2< DETj 

PEL2< PELj 

[FR X dfT -1 

FR « feeding ra te mgC/mg organism y~* 
a t a given depth (z) as pre
dicted from: log FR = 1.8595 
+log z (-0.7445) 

df " fraction of the pelagic animal 
compartment's feeding ra te 
obtained from another com
partment 

KJ » conversion factor to convert 
3 carbon consumed to wet 

weight mass consumed, 0.068 

o = 0.5 

238 days 

477 days 

238 days 

310 days 

310 days 

155 days 

Measurements 
at electron transport 
system activity rates, 
converted to carbon 
equivalence, were 
fitted to the equation 
given. Data represent 
six observations down 
to 3000m. 

PEIn< PEL-, 

PEIo< DET, 

PEL,< PEL. 

PEL.< PEL, 

PEL,< DET. 

PEL4< PP 

146 days 

146 days 

73 days 

21 days 

21 days 

10 days 

These rates are 
for a 5000 m water 
column divided into 
four zones: 
1 = 5000 - 4500m 
2 = 4500 - 2150m 
3 = 2150 - 200m 
4 = 200 - Om 
Notice that rates 
increase signif
icantly in shallower 
zones 


