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ABSTRACT

.'Since the last Annual Report we havé analyzsd samples and dats from
previous cruises wifh a view to undersoanding'toose biologicaijchemical and
‘physioal processes oﬁich affect-energy—related oollotanfs io‘the marine
environment of the coﬁtineotal margin. We have carried out two cruises designed
to expand our sample bsse; measure the time variability of several transfer |
processés,.and ﬁo test specific hypotheses on the mechanisms for processes
which effect exchange of continental margin with open ocean waters. |

We have made progress in uooefstanding.the relative roles of nutrients
and light in controlling the.productivity of important primafy biomsss (and
hence, particle) producers.

‘We have ‘made progress in ‘understanding the influences of phytoplankton: -’
populations on dis;ribution of inorganic nutrients, dissolved oxygen and
particulate organic matter. In addition, preliminary results from field
work during 1979 support the hypothesis that most diatom production on the
shelf sinks to the bottom where it enters benthic food chains or provides
seed populations for subsequent blooms.

By studying radionuclides in water column and in sediments we have
obtained the following important conclusions:

1) Using the natural radionuclides pairs 234Th—238U, and 228Th-

228Ra, we have been able to show definitely that the removal mec¢hanisms of
thorium isotopes from the coastal waters is mainly through the uptake
by resuspended sediment particles (Appendices 4 and 5). Therefore, the

higher the sediment resuspension rate near shore, the faster the removal -

rate of thorium isotooes (Appendix 2).



2) From the radionuclide spike experiments performed in the micro-

cosms simulating Narragansett Bay (Appendix 5) and from the monitoring

"of Th isotopes removal rates both in the microcosms and the Bay (Appendix

3), we conclude that thorium isotopes are good proxy for the other particle

241Am (and probably Pu) with

reactive elemernts iike Fe, Cr, Pb, Po, Hg,
regard to their removal behévior in coastal waters.

3) The distribution coefficients of-minqr alkaline and alkaline earth
elements (Cs, Rb, Sr, Ba, Ra) decrease one to two orders of magnitude from
a fresh water to sea water medium (Appendix 6). ‘Therefore, if a reactor
releases these eleﬁents in radioactive forms into rivers, they will be
adsorbed by the river-borne suspended sediments first, but a significant
fraction will be desorbed again in any estuarine environments.

4) A';n coastal environment, 239,240

Pu can. be easi;y re-introducedl
back to water column as a fine qolioidal particle (<0.45um) by the re-
suspension processes of bottom sediments.(section‘2.3).

Major progress has been made on the analysis of hydrographiC‘dafa from
all previous cruises and to evolve a'comprehensive picture of the stratifi-
cation of the waters of the New York Bight. The relation between our
seasonal data set and the historical data has been evaluated with particular
emphasis on features large enough to be distingﬁished in historical serial
bottle casts such as the cold pool: Our STD and CID data setslpgrmit
distinction of small scale features‘and, from these data, hypotheses have
beeﬁ evolved (and, to some degree, tésted) concerning the importance to
the replenishment of shelf water by processes of isopycnal mixing across
the sheif/slope front. Isopycnal mixing also appears to play some role .
ih the mixing of properties across the seasonal thermocliné on the shelf.

of particular sign;ficance is the salinity'maximum which develops in the
upper part of tﬁe seasonal pycnocline. The removal rate of this pycnocline
S-max is determined to be about one month. This would-provide enough salt td

ii



_convert the observed river input into "averagé'shelf water salinity.
In the lower part of the seasonal pycnocline an oxygen maximum develops,

presumably induced by a chlorophyll maximum. The O,-max is used to determine

2

an upperAlimit to Kz (vertical mixing coefficient), of about 0.2 me/sec.

The C02-H20 equilibration system required for the preparation of samples
for oxygeﬂ isofope analysis_hés been completed and runs of laboratory
étandard samples indicates that we will. be cééablerf an order of magnitude
better ﬁrecision than heretofore. Analysis‘of a limited sample set for
tritium suggests that it will be an extremely useful tracer of water mass
origins because of variabiliﬁy of input waters as a function of latitude.

We have therefore collected a seﬁ of samples over a much broader latitude range
to expldit'this. 

Work has continued in the use of radon as a tracer of small scale water
motions and mixing in ;he definition of the source function .needed for
modelling the data; in actual modelling of the data, and in defining the
range of variability of.the radon distributions.

The major advance in the use of radon as a tracer came with this
summer's field program in which we found that the anomalous low-radon zone
in the near bottom waters of the slope and rise extends aé far south as
Cape.Hattgras. This therefore, appears go be an extensive feature
emphasizing its impbrtance iﬁ indicating a mechanism whereby water (and
associated pollutants) may be mixed away from the continental margin into
tﬁe oqeanié interior. On this cruise we also obtained a synoptic data set
for the evaluation of shelf/slope water éxchénge as well as data and samples
for primgry productivity, zooplankton distributions and samples of water,
sediment, suspended pafticles.and feﬁal material for analysis of natural

and man-made radionuclides.

iii
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1.0 INTRODUCTION

1.1 Objeetives

The iqng term goal of our work-on the conpinental Sheif.and

_ particulariy in the New York Bight isito understand and to quantify the
processee ﬁhat govern the transpoft and dispersal of‘energy-reléted polln—
tants introduced eo those waters by man's activitieew To this-end Qe have,
since the inception of our shelf program, attempted to integrate the efforts
of the Lamont Geochemistry and Physica1.0ceanography grouns and have, more
recently‘incorporated Biological chanography into the program. €Each of:
these disciplines brings to the‘program a data set te be integrated with
and to complement the others; as well as an ability to focus on one of more
of the precesses affecting the fate of pollutants more effectively than the
other disciélines. It'is ehereiore useful.to briefly summarize the-pro-
cesses affecting the introduction and fate of energy—related pollutants,
and to indicate bothithese processes, to the understanding of which we can
make a contribution by one or nore techniques, as well as those for which
we ae present have no applicable analytical technique in any of the disciplines.

Figure l.O/i is a schematic cross section of the Bight from the Hudson
River to’thevmiddie of the continental slope. In the lower left corner is
a plan view of the New York Bight ae defined ny the shoreline and by the 50
and 200 m isobaths. A number of production, removal, mixing and regeneration
processes are schematically portrayed primarily by arrows which are numbered.
In Table 1.0-1 are iisted:the processes represented and a brief identifica-
tion of observational and analytical techniques‘available to the Lamont Geo-
chemical, Biological and Physical groups which nill aid in understanding

how polllutants are dispersed through and removed from the New York Bight.




R _
T e

Théfmoﬁcﬁ_;g' .}% '

< T :
?{' \Lows fs/ca“vw( N\

i | .. —Som
"‘\\ _ — .
\ \g - Pl @
~ : W .
A7 . .
\ . ’ A
\ - - RN
L ©,- |
{ . ) f\\/
/ N \\\__, ,‘ ! .
. y - :
4 ,
-’ 7 '
J' . . .

A, :bus‘_/;'omftw-ﬂé‘[e malfe
’ff = tadlowue (Le o -
ﬁ‘: f?"h\]fo raﬁw/( You

©<] = z?'()mf{u"'u[( '/(im 3«1&8’&’--& %

oucf hlj[AM "/V‘né,»pﬁn(. /P(.'(’(.S |




10

11

12

" Table 1

Process

.0-1

Atmospheric infall of

dust and radionuclides.
Input of radionuclides and
nutrients from the Hudson

River & Barnegat Bay.

Phytoplankton production and
biomass. :

Grazing & fecal pellets

Transport of radionuclides
from surface waters on sink-

-ing particulates.

Vertical mixing across the
thermocline. '

'Decqmposition of sinking dead
* phytoplankton & resultant

nutrient regeneration (or
cycling).

Isopycnal mixing through the
thermocline. ’

Cross front exchange.

Benthic layer.exchange
(Slope water instrusions)

Observational or Anélytical Techniques
Literature

Work of Simpson, et al., at Lamont;
nutrient chemistry, o, B, y-counting.

Fluorescence (chlorophyll a), C-14
techniques for productivity.
Zooplankton tows and microscopic analysis.

234Th, 228Th,,210P0’ 239,240Pu

in the water column.

Rn222, oxygen and nutrient budgets.

Nutrient chemistry including O, analysis;
Microscopic examination of filfered
particulate matter.

Hydrogfaphy

Hydrogfaphy, 3H

Hydrography, 3H

Near Bottom Vertical Mixing - Rn???

Mixing regime on slope'prod; Rn222, RaZZS, 3H

ucing low Rn zone (possibility

of rapid horizontal or isopycnal mixing.)

Fluxes of particles & radio- Sediment Traps on S%gae; sedimentation rat 37

nuclides to the sediments. - degggm}gstion by Pb integrated total Cs R
. Pu ’ activities in the sediment column.

Horizontal mixing or eddy dif- Rn222

fusion cross shelf & long shelf.
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16

17

Process -

Particulate resuspension

& chemical regeneration

Sediment mixing and
accumulation. :

Long shelf advection

Observational or‘Aﬁalytical Technique

Susﬁended particulate méasurements ‘
228Th, 228Ra, ZlOPb, 239,240Pu

in water column.

234Th, ZlOPb, 14C’ 137Cs, 239,240Pu

profiles in sediment columns.

: 180

/160, 3.
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These érrqws, representing'processes, are referred to subsequehtly by
these numbers. |

Although the project must necessarily reflect some of thé administrative
énd budgetafy'organization along classical disciplinary -lines (geochemistry,
phyéical—and biological~oceanography) conceptually the scientific approacﬁ fo
understanding the fate of energy-related pollutants in continental shelf
waters is organized accordiﬁg to‘proceéses. This is refiectéd in the
divisioﬁ of this report (as well as the renewal propoéal) into three
scientific sections deailingAwith; 1.0) Processes associated with-Suspended
Solids; 2.0) Processes Aséociated with Sediments; and 3.0) Spreading of '
Water'Characteristics and Species in Solution (processes involving water
and dissolved constituents). Within these sections there is a mixture of
geochemical, biological and physical aspects to almost every proposed stﬁdy.
Nor can one ignore cross-disciplinary aspects qf the major section Wi;h
each other.

The work over the past contract year reported here represents in-
creasing integration.of the several'disciplines in both the reduction and
anal&sis of older data as well as in the design of the field efforts for
obtaining new data and sémples. We have, for example, added a capability
;in zoopiankton studies in the person of Dr. Jean.Stepién who worked with
the geochemistry grdup in the design and implementation of the experiments
on rates of zoopiankton fecal produétion and removal of radionuclides to
fecal material. We have also made a modest (and gratifyingly successful) .’
beginniné in the business of moored instruments and samplers in
" which the physical oceéﬁographers and geochemisté designed an experiment to

gain several kinds of information related to understanding the origiﬂ of
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"the low-radon zone along the continental slope and rise.. These and aspects

of 6gr progresé are reported briefly (with the exception of section 4.1.3 -
"New Yo;k Bight Stratification) iﬁ this part of the fepért. The mqre’de;ailed'
énd definigive results are given in thé,sevgral appendices which, although
a formalApart of the_Réport, are bqundAseparately;' Theéé'repreéént-results
of our work in the past year in the form,of'papers published, in'press; |
éubmitted aﬁd, in retrospect as we should have done with the extensive
report on New York Bight Stratification in section 4.1.3, in preparatibn.

In the following séction we list those accompiishments of.;he past
coﬁtréct year which . bear very specifically to DOE's mandate and goalé
in the marine environmént and which may aid DOE project management in

relating achievement to mandate.



1.2 Acéorl;piiéhment- of DOE Goals
The fbllowing sfatements and conclusions represent accomplish-
ments during the bast year toward our lohg—term goal of undefstanding by
what processés‘and at what ratesvpéllﬁtants are dispersed and t%ansported
through.and removed from the New York Bight. .ﬁe believe these accomplish-
_ments are particularly pertinent ﬁo the mandate and goals of DOE in the
marine environment.
- During much of the year the wéters of the continental shelf are
divided into two relatively well-mixed reservoirs which are separated‘
~vertically by strong gradients in physical, chemical and biological character-
istics. The rate of a number of processes affecting the fate of pollutants
within the reservoirs depend on the rate at which mixing occurs betweeﬁ the
two reservoirs. From field data we have made estimates of this important

22Rn),

mixing fate using three differenﬁ approaches -~ radioactive tracer (2
nutrient demand by phytoplankton and‘rate of oxygen produétion by phyto-
planktqn. | |

- Two,précesses'dontrol the rate of remo?al of reactive pollutants
from the water column -- adsorption on resuspended sediment particles and
incorporation into living organisms and sinking of organic debris (dead
organisms, fecal matter). We have found that different parts of the shelf
and slope regime are characterized by varying rates and degrees of effectiveness
of these processes. For example, in the near shore the former process is
dominating.

- Measurements of plutonium on sediment cores and on suspended parti-
culate material suggest that this very_toxic element may not be removed from the

system once it is accumulated in the sediments, but may be remobilized into

the water_columﬁ as colloidal particles. Evidence by coworkers at Lamont':
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suggests thaf plutoniqm may even be transportéd back into the Hudson Estuary
from the shelf.

- The microcosms experiments prove that thorium isotopes areAgood'proxy
for other feactiVe‘elements like Fe, Cr,lﬂg, Am, Po, Pb with regardito'their
removal behavioré. |

- Me&surements éf radioactive tracers in sediment cores from a large
area of fine-grained sediment on thé shelf (the "mud hole'") indicates that
these sediments.are a zone of met accumulation of reactive pollutants.
Howevgr,}because we always observe a plume of resuspended sediment being

carried away from this area, it must also be an intermediate source of

- reactive pollutants. Similar measurements on sediment cores from the adjacent

slope indicate that, althoﬁgh those sediments-are a Sink'fof rééctive pollu-
tants, slumping 6f-sediments distorts the record making measurement of a
steaay-state-rate of accuﬁulgtion difficult. |

- Water ffom the open ocean (slope water) which is relatively pollutént-
free exchahges by mixing in a cross-shelf direction along isopycnal.surfaces
with shelf water on the ﬁime scaleléf about oné month.

- From measurements of excess 222Rn,‘ we have determined that a zdne of
near-bottm water adjacent to the cdntineht;l slope and rise, in whicﬁ
rapid mixing apparently takes place, exﬁends from the Hudson Canyon as far
south as Cape Hafte;as. This zone 1is important because it represents a
potential locus of dispersién of pollutants from the continental'boundary

out into the interior ocean.
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2.0 PROCESSES ASSOCIATED WITH SUSPENDED SOLIDS

2.1 Introduction

‘Because of th§ close assoéiationAof most reactive pollutant
species with particulate matter it is extremely important‘té understand
what processes produce and destroy or remove suspended solids from the
system andlto'attempt to measure the rates at which these processes occur.
Our approach has been to measure total suspeqded particulate mattér and
important éomponents of it, e.g., particulate organic carbon and nitrogen,
to study the primafy and secondary planktonic generators of suspended
solids, and fo use natufal and man—madé radioactive tracers to measure
the rates at whicﬁ generation and removal rates-occur; In addition, we
have begun this.year the use of sediment tréps as collectors of suspended
isolids; Four traps were deployed on the mooring in the low rédon zone in
June and recovered in August so reéults ére_not‘yet available to réport.A
We are aware of the controversy that currently surrounds the use of sedimgng
traps to measure vertical fluxes of particulate material. We feel, however,
that there are oceanic regimes in which calculated fluxes are reasonable
approximations of actual particulate fluxes and that in these and perhaps
other regimes, they represent one of the only cost effective means of
obtaining sufficiently large samples of suspended particles on which to
make radionuclide measurements. The following sections deal with.the

biological and then the radionuclide measurements on particulate matter.
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2.2 THE PkODUCTION AND FATE OF PHYTOPLANKTON BIOMASS

Introduction

Phytoplankton productivity is the majdr‘soﬁfce Qf‘particglate
organic matter in'the New York Bight. As such, evaluation of the processes
thaf influence the production and fate of phytoplankton biomass is critical
to the understanding of péfticulate fluxeé and associated transpoft of
pollutants. Phytoplankton influence time- and space-~dependent distributions
of ﬁarticulate matter through growth (#3 inf;gure l.O/lf sinking
(#5 and #7), resuépension (#15), fecal;pellet production (#4) and vertical
migrations. | |

Previous research (1977 and 1978 Annual Reports: Walsh et al., 1978;
Malone.and,Chervin, 1979) has shown that phytoplankton biomass is often
an important component ofltotq; suspended solids,; particularly during the
late winter and spring in the plume of the Hudson River and along the
outer‘éhelf. During_the summer when the seasonal thermocline is.present,
phytoplankton biomass is low and productivity is cloéely coupled with
grazing and nutrient fluxes into the eupﬁotic éone. This is reflected in
the distribution of biomass with respect to major nutrient reservoirs.
Thus, the chlerophyll a maximum found near the'pycnoéline during the
sumﬁer across most of the shelf can be interpreted to indicate the importance
of vertical nutrient fluxes from bottom wateré. From previous research
we have concluded that spatial variations in euphotic zone productivity
are m;inly caused by changes in biamass..

Nutrient supplies to the euphotic zone aré dependént on regeneration
rates within and physicai processes that mix nutrients into the euphotié
‘zone from nutfient poois associated with: the benthos, estuaries and deep

slope water (cf. Walsh et al., 1978). Our primary objective during the




August;.l978; éruise (Cﬁ78—BT) was to détermine‘the influence of the
summer_pycnocline on the flux of-nutriéﬁts from bottom water into the
euphotic zone (#6 in_ﬁ@}l.O/l) and - to underétandAth ﬁhe verticél
distribdtion of phytpblankton biomass modifies4this'flﬁx.

We plannéd'to cbmparé estimates of vertical eddy diffusion(based on
nutrient.demand.by phytoplankton and radon diétribﬁtions. However,
fadon distributions Below ﬁhg pycnocline were too variable and calculations
of eddy difquivity were not possible (sectionl4.3). We will attempt
another comparison from our June, 1979, cruise.
‘Methods |

Stations were occupied from midQShelf'to the shelf-break from 13-19
August, 1978, (Fig.Z.Z/D"Phytoplankton productivity (14C uptake, 24-hr
suhlight incubations), chlorophyli a3, and nutrient concentrations were
measured in conjunction wifh radon and CTD profiling as previohsly described
(1977, 1978 Annual Reports).

Apparent coefficients of eddy diffusion (Kz) for nitrate were calculated -

by the equation

K, = F/(dN/dz)
. e =2 =1
where F = nitrate uptake (ug cm sec )
dN/dz = gradient of nitrate (ug cm_a)
and Kz = cm2 sec_l.

F was .calculated from primary broductivity integrated from the 17 light
depth to the top of the.nutricline. Carbon production was converted to -
nitrogen demaniuéing a N:C ratio of 0.13 which is the mean ratio for
particulate matter in the chlorophyll g_maximum; F (and KZ) wil} be
overestimated to the extent thaf phytoplankton were taking up ammonia

rather than nitrate. However, ammonia concentrations were consistently
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less than 0.5 ug-at lit:er“l and no vertical gradients were observed.

Results and Discussion

The 1% light depth was between 45 and 50 m (mean = 46 m) and vertical

profiiés of chlorophyll a specific produétivity (pP = mg C [mg Chl‘d]-l)

Chl
were similar at all stations (Fig.2.2/2).Surface inhibition was observed
ahd PPChl wasAlight saturated at light levels of 227  to 8% in the pycno-

cline. Calculations of F were based on PPChl between the 17 light depth“
and the 8% light depth.

Chlorophyll_i concentrations were less than 0.5 ug liter-l.in the
upper 20 m of the water column throughout the study area. Concentrations
increased to a maximuﬁ of 1-10 ug liter_l 35 to 45 m below the surface
near the base of the pycnocline (Fig.2.2/3).The makimum was located above

~the 17 light depth in the upper reaches of a gradient in nitrate concen-
trations. This nutricliné was always deeper than the pycnocline. An
oxygen maximum was situated just above the chlorophyll a maximum;

' - : .Nitrate concentrations in the range of 1 to 4 ug-at lit:er‘—1 were
typical of éurface waters above the nutricline during 15-16 August when
chlorbphylllg concentrations in the maximum were about 1 ug liter_l(Fig;

| 2.2/3). As the chlorophyll a content of the maximum began to increase

i the nitrate content of water above the nutricline decreéSed rapidly

| (Fig. 2.2/3 & 4).Since chlorophyll a concentrations and PPChl above the

{ nutricline showed little or no increase, it is likely that the increase of
chlorophyll a in the maximum reduced the flux of nitraté into the surface
so that existing demand exceeded supply.

ADuring most of the cruise vertical profiles of PPChl (Fig. 2;2/2.and

dissolved oxygen indicated that the 'chlorophyll a maxi-

mum was produced and maintained by photosynthetic growth, increases in the
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chlorophyll § content of the maximum during the last day of the crﬁise,

. however, were often too rapid to have been a consequence of photosynthetic

growth (Fig.2.2/3). The chlorophyll a maximum was associated with the 25.5
isopycnal at all shelf stations (Fig. 2.2/5) which roughly ccincided with the

upper boundafy of the cold pbol. Given the cross-shelf distribution of

isopycnals relative to depth across the shelf‘(Gbrdon, et al., 1976), the

‘development of a chlorophyll a maximum in association with a particular

isopycnal could reflect isopycnal mixing of nutrients from bottom water at
shallow depths into the euphotic zomne of deeper wéter columns or from high
salinity shelf-break water.

Our conclusion is supportedAby calculations of eddy diffusivity
(Table 2.2[1). Kz varied from 0.2 to 3.1 cmz sec:-l which is consistent
with values calculated from measured uptake rates of nitrate (Eppley et
al., in press; King and Devol, 1979). Vertical eddy diffusion coefficients
calculated fromltadon distributions af the base of the thermocline during
the May 1977 cruise in the New York Bight, however, were in the range of
0.05 - 0.5 cm2 sec—l (see Sectibn 4.3.3), which indicates that the higher
values of KZ reported here are most likely also related to horizontal
processes. | ‘

Kz was independent of vertical stability (E ; [Asigma—t/éz] X 103)
whep less than 0.5 cmzsec-l. Above 0.5 cmzsec_l, Kz was a‘negative power
function of E (Fig. 2.2/6). Our relationship appears té conform to that
found by King and Devol (1979) in the eastefn tropical Pacific. Combining
their data with ours gives the following least square regression equation
(r = 0.95, P < 0.005):

| K =330 %

Welander (1968) proposed two cases for the relationship between Kz and E.
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When turbulence is caused by vertical shear, Kz is proportional to E-O'S.

Whén horizontal mixing processes'arelimportant, Kz is proportional to
E_l'o. The exponential coﬁstant‘derived from our data and those of
King and Devol argue for horizontal'mixing as being the dominant process,
i.e., isopycnal mixing. |

Kz less than 0.5 at low E correspond to F value; of less than 25
while those greater than 0.5 correspond to values greater than 30ﬁ(Table
1. F.wouid be undefestimated if N:C or the cﬁldrophyll a content of the
maximum were underestimated. The latter is a dis;incf possibility since
chlorophyll a profiles were based on samples from discfete deﬁths and
stations with low F ﬁere characterized by the small number of depths
sampled or loQ chlorophyll a concentrations in'the maximum. Thus, it is
quite possible that the actual maximum was not sampled.leading'to an
underestimate of chlorophyll a and F as a consequence. It is also

possible that Kz was primarily a function of local vertical shear at

these stations.

Conclusions

The distribution of phytopiankton biomass during the stratified
sﬁmmer regime is characterized by low surface concentrations with a
chlorophyll a maximum associated with the pycnocline. Walsh et al. (1978)
observgd similar distributions of nitrate and concluded that storm events
are required to transport sufficient nitrate across the pycnocline. Our
results suggest that isopycnal mixing may provide an alternate mechanism -
for mixing nutrient rich water into the euphotic zone. In addition, as
hypothesized by Anderson (1969), the develoément of such chlorophyli
maxima has a regulatory effect on phytoplankton productivity in the sur-

face layer by limiting the vertical flux of nutrients.




Figure Legends

Fig. 2.2/1. Station locatiéns for 13-19 August, 1978 CH78-BT Cruise
in New York Bight.

Fig. 2.2/2. Primary production per unit éhlorbphyll (PPChl,‘ug C [CI-Il]_l

day-l) with depth measured during'CH78—BT Cruise, 13-19 August,

1978. v—;( Represent standard errors.

Fig. 2.2/3. . Representative pfbfiles showing the time course of variation
- in vertical profiles of sigma-t (—), Chl a (e—vw, ug l—l)
and nitrate (A-——A, ug-at l_l)'for two'reoccupied areas 13-19

August, 1978 in New York Bight. (West Stas: Aw;”Bw,'Ca, Dw;

East Stas: Ae, Be, Ce, De) A > D represents increasing

time. 1% - represents 17 light depth, Depth - meters.

Fig. 2,2/4 Relationship between integrated surface layer nitrate con-
centration ([NO3ISL, ug-at 1—1) and the concentration of Chl
a in the maximum layef ([Chl]lmax, ug l-l) for CH78-BT Cruise,

N.Y. Bight, 13-19 August, 1978.

Fig.~2.2/51 . Relationship between‘chlorophyll concentration relative to that
of maximum layef ([chl]/[Chl]max) ana'sigma—t}during CH78-BT,
13—19 August, 1978. Note that thél#lS ih‘uppe; right corner
indicétes ngmber of data points aésociatéd with the 1.0

[Chl]/[Chi]max‘vaiue.




Fig. 2.2/6

The rélatiopship between apparent coefficients of eddy -
aiffusion (Kz, cmz'secflj and the stability of ﬁhe

water column associated with the nutricline

(E, A sigﬁa—t/A Z x lO?).i Values calculated for

N.Y. Bigb; afeas sampled dpring CH78—BT'Cfuise'indicafed
as o and -ﬂ . B values deleted from regression analysis.
(® indicate values calculated by King and Devol for

tropical Pacific waters.
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Table 2.2/1.-

Apparent coefficients of eddy diffusion (Kz, cm

2

sec-l) for nitrate calculated from nitrate flux

(F, mg m~2 day-l) and the nitrate gradient (ANAZz,

mg m-4)',v and stability (E,[Asigma=-t/A z] x 103) of

" the. water column . associated with nutricline for

stations occupied duringLCH-BT) 1978 Cruise in

New Yo:k Bight.

Location

" Sta.

Shelf

Slope

Water .

South

West

. East

Water

13
33
47
17
57
18
25
- 51
59
52
60
37
46
. 48

P '¢5N/A;z
3.24 .21
2.96 .37
1.88 1.27
2.46 .92
1.42 .93
3.43 .32
4.50 .25
4.18 .23
5.95 .67
2.05. .55
3.57 . 40
4.58 .17

.46 .23
1.24 .54

27.9

©100.7

21.0
16.6
19.9

77.2
24.6
85.2

33.2

22.9

48.8
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2.3 NATURAL AND MAN-MADE RADIONUCLIDES IN THE WATER COLUMN

Since our early work showed that the removal rate constants of
) . -

'228Th.from the wéter column by settling particles increase from the slope

water toward the inner shelf water (Appendix 2: 228Th—228Ra radioactive
disequilibrium in the New York Bight and its implications for coastél.
pollution, EPSL 42 [1979] 13-26), we chose Narragansett Bay to study in

, - . 228 234 .
detail the removal mechanisms of Th and Th from the near shore environ-
ment. The work done so far is summarized in Appendix 3: "Natural radionuclides
in the water of Narragansett Bay" EPSL (in press). The main conclusion is that

the removal rates of 228Thvand 234

Th from the water column of Narragansett Bay
are governed mainly by the rate of sediment resuspension (Process {15, Fig.

1.0/1) with fast removal (Process #5, Fig. 1.0/1) at higher sediment resuspen-

‘sion rate (therefore at higher suspended particle concentrations). However,

the tﬁtal suspended particle concentrations in Narragansett Bay are usually
an order of magnitude higher than in the waters of the New York Bight. There-
fore, the relative importance of removal mechanisms by resuspended particles
in the Ne& York Bight is not yet certain‘as compared to other possible
mechanisms, e.g., sinking of zooplankﬁon-fecal pellets (Process #4, Fig. lfO/l).
As proposed -last year we attemptéd to collect fecél pellet 'samples and also
measure the fecal pellet production rates during the RACACA cruise this year.
With the data on concentrations of various radionuclides in the fecal pellets
and on production raté of fecal pellets, we hoped to estimate the removai
rate_df various radionuclides by the sinking fecal pellets and compare it with
234 234,338

the removal rate of Th obtained from Th/ U ratio during the cruise.

This would give us total vs. fecal pellet removal rates and permit a

.distinction between the relative importance of one vs. all mechanisms combined. -
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The quantities of zooplankton fecal'pellets actually produced during the
in vitro experiments on RACACA were disappointingly small. It is therefore
questionable whether or not we will be able to adequately measure their

234Th.concentrations..

In Narrangansett Bay, we also measured 2.39’240Pu>concentration in;
1) uﬁfil;ered water samples (totai); 2) filtrate (<0.45um; and 3) the filter
(>0;45um) calculated as the diffefence betweeh.tottél and filtrate). The
results are plotted against the particulate‘matter concentration in Fig. 2.3/1.
The dashed lines in the figure represent the expected concentration of
plutonium on the filter, assuming that‘the‘particulate:matter on the filter
consists of non-size-fractionated resuspended surface sediments. The total
plutonium concentration in the water column increases almost linearly with
increase of suspeqded particulate matter concentration but is much higher
than the expected value from resuspension of the Bay sediments alone. The
intéresting fact is that most of the plutonium in the water column is in the
Afiltrate (passed through 0.45 um pore size filter), probably in colloidal
forms as suggested earlier by Rees et al. ('"Dispersion of plutonium from
contaminated pond sediments", Environ. Sci. Tech. 12, 1978, p. 1085-1087).
The implication is that plutonium can be redispersed from sediments into
the water column as. discrete colloids or as hydrolytic species adsorbed
onto colloidal sediment particles in the near shore environment. It is
often assumed that, once removed to the sediments from the water column,
reactive pollutants are largély out of the system (except for involvement
with benthic organisms) and are mixed and buried downwards. Our data (as
. well as data by Olsen on‘sediments of the Hudson Estuary and Bowen at
WHOI) suggesf that this is not true and must be'considered in the studylbf

what happens to plutonium in the marine environment.
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Part of our 2>'Th->>0U and 22®Th-2%®Ra data from the CAPE HENLOPEN

cruise, May 1977, are given in Appendix 4 ("Removal rates of‘234Th,and

228TH from waters of the New York Bight"; preliminary draft). Our radio-

tracer experiments in microcosms simulating Narragansett Bay (supported

separately by EPA and the Bay itself (supported in part by DOE) show that

228Th, 210Po, 210Pb, 241Am, Fe, Hg, Cr and Sn all behave very similarly with

regard to their removal from the water column and to their physical form in
the water column. A large fraction of these elemen;s are associated with the
suspended -particles (seé "The fate of trace metals in Narragansett Bay, Rhode
Island , Radiotracer experiﬁent in microcosms" by P.H. Santschi, Y.H. Li and
S. Carson, accepted by Estuarine &‘Coastal Marine Science, and Appendix 5:
"Thorium isotopes as analogues for particle-reactive pollutants in coastal

environment", submitted to EPSL). Therefore, the removal rate constants

of 234Th and 228Th obtained in the New York Bight may also be applied to the

above-mentioned other elements.

226

As a continuation of our earlier work ("The flux of Ra from estuarine

and continental shelf sediments", EPSL 37, 1977, p. 237—241), we measured

Ba concentration. in the Hudson estuary waters and performed some additional

desorption experiments of 226Ra and Ba from the Hudson River sediments by

mixing with sea water. The results are given in Appendix 6 ("'Desorption of

Ba and 226Ra from the rivér-borne sediments in the Hudson estuary, EPSL,

1979 ). The major conclusions are: 1) the pronounced desorption of Ba and

226Ra as well as other alkaline earth and alkaline elements like 9OSr, Ca,

137 4 . . . SRIP " '
3 Cs, 13 Cs from river~borne sediments in estuaries can be explained

quantitatively by the drastic decrease in the distribution coefficients
of these elements from a frésh to a salty water medium, and 2) the desorption

in-estuaries can augment the total global river fluxes of dissolved Ba and

226

Ra by at least one and nine times, respectively.
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3.0 PROCESSES ASSOCIATED WITH SEDIMENTS AS SINKS FOR RADIONUCLIDES AND
OTHER POLLUTANTS : i

3.1 Introduction

Because many highly réactive pollutants are associated with
suspended particulate matter (SPM) which will eventually settie or be
carried to tﬁe_bottom, what subsequently happens to this material must
concern us since arfiQal'at the boétom doeé not necessarily mean simple
burial and removal from the system. To what extent does sediment get
Aresuspended from the bottom (process 15, .Fig. 1.0/1) versus getting mixed
downward with older sediment by bioturbation'(process'l6, Fig. 1.0/1) and,
perhaps, other processes? What are the rates of sediment mixing (bioturba-
tion) and how do they vary with different geographic locations and sedimenta-
tioﬁ“regimes? Whét are the areas(adjacent tovﬁhe continent where sediment
and its assoicated ﬁollutants is actively accumulating versus passing, in
steady state, through sedimentation, resuspension and transport elsewhere?

We have begun approaching these quesﬁions with a theoretical study
of sediment mixing as reported last year. Testing of models however,
requires data from actual sediments and we obtained our first cores for
~analysis last year during the "Boue Trou" cruise. At that time we uséd
two different borrowed box corers both to obtain cores and to test which
corer we Qanted to build or buy. Based on that cruise we have built
a Soutar-type, two-spaded corer as modified by Turekian and his students.
This particular design of the Soutar corer has not been used in a frame
and, although largely successful in this mode in shallow water, is less
successful in deep water as we learned during this year's RACACA cruise.
We are therefore in the process of designingtand building a frame in which

the corer will be suspended, which will sit on the bottom and constitute a
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stable platform, and from which the corer will penetrate the sediment.
Results on sediment mixing from our first cores are given in the

following section.

3.2 Results from "Boue Trou" Box Cores

Four box cores were collected from the continental shelf ("ﬁud
hole") and slope roughly aloﬁg 71°W longitudinal line (Fig.'3.2/l) during
the CAPE HENLOPEN cruise, -August 1978. Thé‘cores were sectioned‘on"
shipboard and analyzed for severgl radionuclides from the U-Th decay series

239,240 238 137
- Pu

and for s Pu and Cs. The preliminary results are plotted in

Figures 3.2/2A to 3.2/2D.

At steady state, the depth profile of excess 234Th (= 234Th-238U)
can be expressed by . _
C = CO exp (- z - /A/Dm ) . (1)
i . 234
where Co = concentration of Thex at surface
z = depth
‘A = decay constant
Dﬁ = sediment mixing coefficient by bioturbatiom.
Dm values obtained from~234Thex data of four cores (Table 3.2/1)show that

the "mud hole" cores have very high bioturbation rate (Dm = 0.12+0.02 ‘x
10-6vcm2/sec), comparable to that in Long Island Sound (Turekian et
al., 1978). Even in the slope region, Dm is high (30 to 40 x 10_9 cmz/sec)
as compared to the Atlantic deep ocean cores (2 to 6°x 10-9 sz/seé) reported
by Turekian et al.,. (1978)..

The 210Pbex (= 21-OPb--'226Ra) data can be interpreted by two extreme
models: the first model assumes that there is continuous sediment accu-
mulation but no sediment mixing below the bioturbated sufface layerA

. (about 2 to 7 cm thick here), i.e.,

C = Co exp (- z - A/S) _ (2)
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: 21 . . .
where ’ ‘Co = 0Pbex concentration in the mixed surface layer

S.

It

sedimentation rate (cm/yr)
The sedimentation rates obtained by this model are high in the '"mud hole" cores
(0.2-0.3 cm/yr) (Fig. 3.2/2A and 3.2/2B). 1In the cores raised from the slope,

however,‘(Figf 3.2/2C and 3.2/2D) S varies with depth. The 210

Pbex' profile from HBC-3-
“(Fig. 3.2/2D) even gi#es a mid-depth maximum. Both facts strongly suggest
frequent slumping of sediments in the slope area. | |
The second model assumes that there is no actual net accumulation
of sediments and that sedimenf mixing by bioturbation operates below the
surface mixéd layer as weli. Thefefore, the 210Pb profilé below the
 surface mixed layer can also bg.expressed by equation (1) (assuming
constant Dm with depth). |
D!s obtained by this 210Pbex model at depth are smaller than Dm'

obtained by 234Thex in the surface mixed layer in the "mud hole" cores

but of the same order of magnitude. The deep penetration of 239’240Pu in
the "mud hole" cores (Fig. 3.2/2A and 3.2/2B) strongly favors the second model

in the "mud hole" region. A Dm of 0.04 to 0.1 x lO_6 cmz/sec can adequately
239,240

fit the Pu profiles. In reality one cannot exclude the ﬁossibility

of finite sediment accumulation in the "mud hole' area. If there is

finite sedimentation, then our'Dm obtained by Zlonéx is a maximum., The

. Vel 2
apparent sedimentation rates obtained from the first lOPbex model are

maxima since 210Pb can be mixed downward by bioturbation also. As scon

as 137Cs analysis is completed, we will model 137Cs, 239’240Pu and 21OPb

ex
137

'239’240Pu and D

data by assuming the proper input function of Cs and

as function of depth, using our numerical advection-diffusion-decay

model. The results will provide us more quantitative answers as to the

137 239,240
nd

mobilities of Cs a Pu through the pore water in the sediments
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_and bioturbation rates as function of depth.

* The total inventbries of 234'I‘hex (2234Thex in Table 3.2/1) in the '"mud

hole" cores are roughly equal to what one would have expected from the

overlying water column of 60+10 m (éssuming 234Th/‘238‘U.activity‘ratio

of about 0.4+0.1 in the water.column), while the total inventories of

2239’240Pu (Table 3.2/1) and ZPbex are about twice the expected values from‘the.

atmospheric inputs (v 35 dpm 210Pb/cm2 and 0.4 dpm.239’240Pu/cm2).

The "mud hole" sediments therefore appear to be effective sites for accumulating

reactive pollutants. Although there appears to be net accumulation of these

pollutant tracers in the "mud hole", we also know from studies of SPM in the

water column that the "mud hole" constitutes the source area for a plume of SPM

being advected "downstreams" (southwest) along the shelf. The extra sources of

210 239,240

Pb and Pu for the "mud hole" sediments are probably the surface open

210 239,240

ocean waters which contain high concentration of Pb and Pu, or inputs

from river runoffs. However, Simpson g£<§l.v(l979) have shown that river

input of 239,240

Pu into the New York Bight is too small to be significant.
In fact, based on a comparison of radionuclides in sediments 6f the Hudson
estuary, Ngw York ngbor and the Bight, Olsen (l979)lconcludes that there is
net movement of radionuclides from the Bight into the harbor.

The two.slope cores have accumulated only 12 to 25% of the direct

239’240Pu inpufs so far. Apparently most of the 239’ZaoPu

atmospheric
' is still in the ovérlying water column. In order to assess fully the
importarice of the slope sediments as sinks for pollutants, we need more
extensive sample coverage. We obtained two more cores from the slope to

the sourh during the RACACA cruise, but we really need more cores for

comparison,



. +210 239 240
Box core Location Water Dm Dm 210 S(;?éyr) L Thex z Pbex L > Pu
# Lat. N Long. W Depth by 23%Th by Pb by Pb '
_ (m) 9 ex 5 ex ex
(cm”/sec) cm /sec)
© SBC-1 40°36" 70°59.7" " 69 1.2x1077 0.4x10"" 0.2 6.7 58 0.93
SBC-5 40°27.8' 70°58.6' 57 1.2x1077 . o0.9x10”] 0.3 3.9 76 0.87
SBC-2 39°59'  71°05' 850 4x1078 0.6x10° 0.08 - 0.3 80 0.05
HBC-3 39°44.5" 71°02.4" 1800 3x107° 0.4x10™8 0.06 7.9 75

Table 3.2/1. Apparent sedimentation rates, sediment mixing rates and
inventories of radionuclides in the New York Bight cores.

234

0.09
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4.0 SPREADING.OF WATER CHARACTERISTICS AND SPECIES IN SOLUTION

4.1 Hydrographic and Physicel'MiXinq Processes

4.1, l' Introductlon

A descrlptlve study "New York Blght Stratlflcatlon“
by Gordon, Houghton and Aikman of the Lamont DOE sponsored data
sets prior to 1978 has begun and is nearly in first draft stage.
The'Studyvdeals.in'a comprehensive form with the:water.rype
.thermohaline strUCtﬁre of-New York Bightrweters. The work 1is
needed to provide a foundation for more quantitative mixing
models for the New York Bight, Its goals are primarily to
define the significant advective-dispersive processes. A dis—'
cussion of the results is given in section 4.1.3. |

During the 1978-79-contract period,.data analysis
progress was reported at.the 1978 Annual Workshop on Physical-:
Oceanography of the Middle Atlantic and New York Bights, hosted
by Virginia Institute of Marine‘Sciences (VIMS) in Williamsburg,
Vlrglnla (Appendlxs’), "and the Posmentler—Houghton paper'"Flne—
structure lnstabllltles 1nduced by double dlfqulon in the shelf/
L ‘ slope water front" was published in the "green" JGR [83(C10):
5135-38, 1978] (Appendlx 9).

The data report for the August 1978 cruise on CAPE

HENLOPEN (cruise'"Boue Trou") was distributed.




4.1.2, Data Processing -

As réported last year, all data reports have been
distributed to the DOE investigatorsvat Lamont.’ fhe August 1978
data collected on the CAPE HENLOPEN "Boue Trou" cruise was
distribﬁted in October 1978. Preliminary analysis of thesé very
significant data i$ included in section 4.1;3.

The CTD-Ozthdrographic data has not yet been officially
released. This would be done when the data. is run £hrough‘the
full data proceésing system presently being developed for handling
~our Antarctic data set. This system is essentially the same as
the one developed at Woods Hole Oceanographic Institution. It
is likely that it will be ready for our New York Bight data later
in 1979. ‘In‘any case, the large gradients encountered in the
New York Bight permit the first level of data processing and
display (the distributed data reportg) to meet nearly all our
need;. The study of the finest scale of vertical structure (less

than 1 meter) would benefit from the next level processing.

4.1.3. Data Analysis

Médels for New York Bight shelf ﬁater feplacémént
patterns and rates are being developed. The formulation of the
. models is based on the interpretation of the Lamont data set
collected in the New York Bight from 1974-1977 (Fig. 4.1-1), in
conjunction with the full set of historical data. The Lamont
hydrographic:station data, donsisting-of continuous measurement
with depth of the thermohaline and oxygen stratification, allows

for recognition of lateral exchange processes to a much greater
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levei of resoiuﬁion than that pefmittéd by the historical serial

cast hydrographic data. We are therefore ab;e.to evaluate the

importancé of various processes and more‘suitably incorporate
them within‘our model (discussed.belowj. The results should

- prove of value in interpreting the DOE geochemical and biological

data sets. |

In 1978 our field work was designed to addxess'specific
problems of sheif and slope zone exchange processes. The August

1978 data set is unique in that it provides a closely spaced

line of CTD hydrogfaphic stations across the shelf-slope fréntal

zone. The data are ‘now being used to better describe the nature

aqd the.variability'of the fine scale thermohaline structure
characteristics of the frontal zone, with the objective to more’
realistically paraméterize type of cross frontal exéhange.

‘Several specific results, which are beihg included‘in
the developing study "New York Bight Stratification", are:

(1) The upper third of the seasonal pycnocline aéts.as a guide
for shoreward spreading of saline slope water. (Process #9,
Fig. 1.b/l). It is detérmined that the pycnocline S-max
must be renewed in a time scale 6f about one mbnth.- If this
is correct, then the pycnocline S-max represents the major
salt input to the inner and middle shelf region.

(2) Near the base of the pycnocline over the outer shelf and
slope region seaward spreading of the cold pool water dominates.
The éold pool water is also attenuated by vertical mixing.

(3) Significant influx of North Atlantic Centrai Water (NACW)

occurs over the floor of the outer continental shelf. (Process
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#10, Fig. 1.0/1). On ﬁ;xiné'with the cbld.pdol water (within
the bottom well—mixed.layef) it spreads seaward within the
linear T/S layer between the pycnocline and the well-mixed layer.

(4) Gulf Stream warm core eddies adjacent to the slope apparently
shalléw the water pfoperties over the slope. In this way the
warm core eddies'may allow.introdﬁction of slightly deeper,
cooler-less saline NACW onto the outer shelf floor than would
Vnormally be the case. The warm core eddies also increase the
volume of warm-saline, less dense water available to spread
into the seasonal pycnocline of the éhelf, which may amplify
input into fhe'pycnocline S-max layer.

(5) The exchange across the shelf—slopé frpnt associated with the
seasonal pycnocline (Process #10, Fig. 1.0/1) may not be totally
isopycnal, since double diffusion processes appear to be.active -
though we have not yet evaluated the significance of double
diffusion relative to other cross frontal exchange processes.

(6) The end of winter properties of the cold pool water vary
markedly from year to year. The initial density of-the cold
pool water (its February condition) may determine its mixing
fate for the rest of the year;‘after cold winters or years
of IOW'river input the cold pool water is denser and so can
mix isopycnally'with the more voluminous sub-pycnocline
waters of the slope zone, whereas after warmer winters or
high'river input the cold pool water is less dense and may
mix.primarily with the small volume of lower pycnocline waters
of the slope.‘ In the latter situation the cold pool waters

may be a bit more persistent.
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(7) The oxygen maximum characteristics. of the summer shelf pycno-
_cllneare;mesumably a product of hlgh photo synthe51s relatlve
to outward diffusion of the oxygen. 'Uslng a dlffu51ve.one—'
~dimensional (vertical) model and oxygen preduction rate keyed
to concehtration of measured chlqrophyll, a Ké is ealculated
vfor.the lower portions of the summer pycnocline. Valuee |

"range from 0.2 to 2 cm2/sec.

The following sections are excerpted from the draft
study being written of "New York Bight Stratification" by Gordon,
Houghton and Aikman. Some of the material presentedain the
1977 and 1978 Report on interleaving_fine structure,  -and on the
pycnocllne sallnlty-max1mum, will be expanded and 1ncluded in the
study for publlcatlon,.and w1ll not be repeated here. Follow1ng
the discussion of "New York Bight Stratification" study is a

preliminary analysis of the "Boue Trou" August 1978 data.

"New York Bight Stratification"

A.L. Gordon, R.W. Houghton and F. Aikman III

(A) Vertical Profiles and Horizontal DistributionS'offThermo-

~haline Properties
This section will be expanded from the material presented

‘in our 1977 and 1978 DOE Annual Report. The principal objectives
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of ﬁhis intrbduétbry seétion,to the paper‘are,review-of a. the
thermohaline s£rﬁcture, b. the felation of water masses to the
density field, c. the seasonal variability of the watér maSé
distribution, ahd_d.{fhe large scale thermohaline form of thé

shelf-slope frontal zone.

(B) Thermohaline Stratification

Agaiﬁ this section will be an expanded form of the
material presented in our last two DOE reports, though some
additions are included. The principal Objéctive of this section
of the paper is to.define thermohaline regidns of the New York
Bight into Inner Shelf, Middle Shelf, Outer Shelf (seaward of
the foot of the shelf-slope front), and Slope regions (where low
saiinity water rests over the North Atlantic Central Water).
Each region has unique stratification features which are discussed
and rélated to each other.

The seasonal variability of the stratification charac-
teristics is also discussed. Figure 4.1-2 shows the evolution
of the thermohaline chafacteristics of the water column in May
and August 1977 at the same poéition over the water shelf off
long .Island. For the sake éf brevity of this Report, no discussion

is presented now - the figure should be helpful to the reader in

following the discussion of the T/S structure presented below.

(C) Temperature—Salinigy Relation

The T/S relation of the CTD and STD points clearly show

the seasohal nature of the. thermohaline stratification. The
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'simple "seven" éhape of the winter T/S relation is preserved to
'some extent in the wafmer-months as the clbud of T/S.pdints
migrates toiwarmer temperatures, establishing the summer>T/S'
pattern. A schematic.of the large scale water mass distribution
is given in Figure 4.1-3 as a guide. | |

| In récognition ofAthe strong seasonal signal, the T/S
relations will be discussed in a monthly chronological order
rather than in the chrqnologiéél order. in which the data were
obtained. Since interannual variations are large, care must bé
. taken in not "Overgeneralizing" the resulté. Using the

historical data as a guide, that problem can be minimized.

January 1976 -

Thé Janﬁary 1976 T/S relation (fig.‘4.l-4a,b) represents
the winter situation, though oh the average the fuil extent of the
winter is expected in Febrﬁary. :We note however ﬁﬁat February 1976
was an anomalously warm month, which induced early stratification,
which may have been responsible for the anoxic condition developed
later in 1976'in the New York Bight (Walsh et al., 1978). There-
fore the danuary 1976 data may represént the maximum Winter ékt?eme
for 1976.

J“'The T/S relationship below the salinity maximum (S-max)
in the slope regime near 13°C and 35.6 °/.o defines the continental
slope modification of the Islen 1936 North Atlantic Central Water
(NACW) as discussed by McLellan'(1§57). This modification shifts

the NACW curve towards lower salinity at nearly all isotherms.
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Gordon eﬁn;l..(1976) diééusseétthe va&ious slope changes observed
in the NACW-sldpe T/S relation, as evident in the October 1974
VEMA data set; this discussion is éqﬁélly.valid for the other data
séts, since seaspnal variability has an insignificant influence
below the sloée S-max. ,

"The position of the T/S-max poiht on the NACW-slope T/S
relation defines 'the deepest and densest water inﬁluenced directly
by the continental shelf water. It is noted that an anomalous
(relative to the NACW~-slope T/S curve) condition occurs when volumes
of more céncentrated NACW water are introduced to the slope region
by warm-core Gulf Stream rings in the slope region of the New York
Bight (discussed below). The S-max marking the top of the C
NACW-slope water will be called tﬁe main S-mag to differeﬁtiéte it
from the salinity maximum layers observed in the shelf water.
Presumably, the main S-max is free to "slide" along the NACW-slope
T/S curve, depending on variability in the density of the shelf
component, or in the processes which mix it into the slope regime.

At depths above the maiﬁ~S-max the January 1976 T/S points fall
éloﬁg a nearly straight T/S line, suggesfive of simple t&b-point o
mixing. The observed T/S relation is colder at any isohaline
and/or saltier at any isotherm than~Wpu1d be expected were the Qater
at the main S-max position to mix with the freezing point river
water introduced a£ the.westefn boundary.‘-The.sense of_the displace-

ment is expected, since the local sea to air heat loss implies that

temperature is non-conservative in the active mixed layer (Fig.-

4.1-5). The difference of the observed winter T/S curve from a
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simple conservative elope water-riverine mixing line cannot siﬁply
be a product of the non-conservative salinity effect. induced by excess
- evaporation over precipitafioh. The salinity excess (difference
of ebserved salinity to the saliniéy.expecfed from the simplel
two-part slope-riverine mixing) at an isotherm is about 3-6°/00s
which rquires evaporation excess over precipitation of meny 
meters, far above eny reasonable value. Bunker#and Worthingten
(1976) show an annual evaporation of lOO»cm;fef the New York Bight,
which is closeeto the average‘annuel:precipitation in New York
City [Climate of New York, ﬁ;om Climatography of the United-States,
No.60-30, U.S. Dept. ofegomeerce], which should be representative
of the regional p;ecipitatioﬁ. The average E-P is near zero}

| The segment of the water. column for each statioﬁ above .
the main S-max, or seafloor in the case of the stations on the
continental shelf,'is' used to determine the heat deficiency-
reletive to simple two-point (winter riverine water at o°c,
bo/oo, and the main S-max ©6/S point at 13°C, 35.6°/.,) conservative
mixing. That is the straight T/S relation that would ;
develop if the sea-air heat exchange in the New York Bight were
zero. .

The distribution (Fig. 4.1-6) indicates maximum heat
deficiency over the middle and outer shelf of between 3 to 4x104
cal/cmz. The Hudson Channel andACanyon regions,ere particularly
high. The decreased deficit landﬁard of the inner 3.0x10% cal
isopleth is due to the shallowness of the water column, whereas the

decrease seaward of the outer 3.0x10% cal isopleth is most likely

the result of attenuated mean sea-air temperature differences and
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increased air mass humidity due to air mass modification by the

- oceanic heat and water source.

The heat deficit can be explained by sea to air heat

loss after the seasonal thermocline (this includes summer heat of

the riverine water) is essentially removed. Inspection of the

historical data set indicates that this occurs by the'end of
November. The heat deficit must be accomplished by.sea—air heat
loss in ap?roximately two months. The daily average heat loss is
approximately 400 to 650 cal/cmz/day over the'shelf, and 150-250
cal/cmz/day over the slope. Hopkins and Garfield (1979) determined
the total heat loss in the Gulf of Maine during the 1974-75 winter
had a\daily average of 200—500‘cal/cm2/day.

The above determination is carried out in ahtéffaféféé”m"
conceptually address the-question of gradient T°:5°/00 ratio of
the basic 'end-of-winter' T/S curve of the shelf water and slope
surface water. Ocean to atmosphere heat flux steepens the T/S
ratio or gradient. Naturally annual variations in the percehtage
of riverine and saline NACW-slope water present at the end of
winter would vary the T/S length (1 e. sallnlty range) of the shelf
and slope surface water in T/S space. ‘ '

A characteristic winter shelf water salinity of 33.5°/co
represents a 93% input of NACW-slope water in the shelf water
volume with 7% of r;ver water. A 10% increase in river water
content (caused by increased river ‘input or increased river water
residence time) would lower the average shelf water salinity by

0.27°/00. Therefore, assﬁming the winter sea-air heat flux has no

" annual variation, the winter shelf water T/S ratio would vary due

to differences in river water residence time.
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In summary: It is expectea that the magnitude of the
T/S gradient and the mean T/S characteristiés of the shelf water
of the end of winter shelf and slope surface water is due to a
combination of: a) Sea to Air Heat Flux - colder winters would
- -induce a steeper T/S gradient;

b) River Water Resideﬁcé Time - decréaséd residence
volume of river water due to decreased rivér runoff or
increased onshore flux of NACW-slope water would induce
a steeper I/S gradieﬁt;' | |

c) T/S Position of Main‘S—Max - the saline end

member T/S point may vary. .

The variability in end. of winter (Fébruary-March) shelf
water characteristics are studied to determine the extent of
shelf watervT/S gradient variability. The temperature at the
33.5°/00 isohaline ahd.salinity'at the 7°C isotherm are plottéd. '
for 12 years, for which the NODC file has data between 1956 and
1977 (fig. 4.1-7). Naturally, eithér method a) or b) can be used

to explain the variability. The winter severity and river runoff

- data may suggest which process, a) or b), is more important. A

major potentially important factor, which is not included in winter
severity or river runoff, is item c): the possible variability in
slope water intrusions which could influence the river water

residence time.

The AT range at the 33.5°/00 is about 5.5°C, with a

mean variation of 3°C. This would be representative. of a heat
_ a ,

content variability (usingﬂSOm water column, which is character-

istic of the winter period mixed layer) of 1.46x104, which is
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‘about 40% of the January 1976 value. The salinity range at 7°C
is about‘l°/oo,4suggesting a variability in river residence time

of about 20%.

V[The correlation between the T/S gradient and data on winter

severity and river runoff will be investigated shortly].

Ketchum and Corwin (1964) find a good relation between
mean salinity of the shelf water to the 60 m isobath and average
river flow of the six months prior to the hydrographic observations.

After March the surface water is‘heated and the cold

bottom water on the'shelf becomes the remnant cold pool or winter

water. This water slowly mixes out; though remnanﬁs survive the

" whole summer period. = The fate of the winter water, that is the
.rapi&ity with which it mixes with the surrounding water, may'be
related to its condition at the end of winter. This hypothesis
is developed below, after the seasonal evolution of the T/S

relation is discussed.

May 1977 -

Development of the seasonal pycnocline is well underway
by'May (fig. 4.1-8a, with fig. 4.1-8b showing the historical data
set for May), as T/S points of the shelf and slope surface water
are lifted off the winter T/S base line. The siope and shelf
waters are separated by an intense shelf bréak frontal zone, which
now clearly shows up in T/S space. The coldest cold pool water

observed was 3°C below any value found in the historical data set, |
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which may be expected from the severity of the 1976-77 winter.
Temperature and salinity increase near the shélf floor is similar
to the winﬁer base line, but at higher temperétures (about 1°C)
than observed in March 1977 [shown ip figure 4.1- 2, suggesting
warming (about 0.8°C) and/or salinity (about 0.2°/.0): decrease].

The shelf T/S curves at temperatures above the winter
base are nearly isohaline, though often the warmest section at
the sea surface shows a pronounced decreasing salinity as tempera-
ture warms. This is expected, since at these elevated temperatures
the river'input is concentrated into a density region in which no
slope watef exists, and hence there is a diminished availability
of highly saline water, assuming isopycnal processes are.an
éffec£i;e.m§ée of exchangé. -

The slope water above the main S-max shows many
inversions, as the lower salinity shelf water mixes with the
slope water. The pronounced concavity (area A on the T/S diagram,
Fig.4.1l-8a) is induced by seaward mixing of the cold pool water,
fed by the large reservoir situated on the sea floor at the hiddle
continental shelf. The rapid cooling and decreased salinity at
the surface is seaﬁard spreading of the shelf surface water,
unopposed by an isopycnal saline input.

The water layer below the T-min is called the benthic
layer over the shelf, and subsurface water over the slope (where
it is underlain by the main S-max .rather than the seafloor). This
layer is shown in the préceding section on thermohaline stratifi-
cation (Eig; 4,.1-2). The benthic layer is composed of two parts:

a lower homogeneous mixed layer, and a layer of near-linear T/S
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characteristics between the T-min and bottom mixed layer. The
T/S relation suggests that the linear T/S layer is composed of a

mixture of cold pool water and the.main S-max water.

July 1975 -

The July 1975 T/S relation: (figure: 4.1-9a)'and historical
July data1(figure 4,.1-9b) show the fully developed seasonal strati-
fication. The vertical thermal gradients are remarkably strong
over the continental shelf, with a total temperature range of
18°C in thelcharacteristicAmiddle shelf depth of 50 meters.

The inner and middle shelf form the low salinity componenf
above-the cold pool water. The slope surface water forms the high
salinity compbnent. The outer shelf and some middlé shelf sﬁafions-
show a pronounced salinity maximum near the 24.3 to 24.7 é-t level
(area B on figure 4.1-9a). Over the,oﬁter shelf.this S-max is
essentially élope surface water. Since it occurs in the upper

section of the seasonal pycnocline, it is called the pycnocline

' S-max. It is obviously a layer dominated or at least significantly

influenced by slope surface water.
| The slopé surface water abéve.thé'méin's-méx is relatively
saline, though markedly decreased surface salinity is obser&ed,
presumably as low density river influence spreads seaward within
the surface mixed layer.
Relatively low salinity is also obsérved in the slope

region just above the main S-max, often accompanied by a T-min in

‘the density level 26.3 6-t. The low temperature and salinity

characteristics point to an origin within the remnant cold pool
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and benthic layer on the continental shelf. The benthic layer over
the outer shelf in July 1975 falls in the 26.3 o-t level and hence

provides the most likely isopycnal source of the slope water S-min

layer at the base of the slope pycnocline, rather than the main
body of cold pool water.

In a uniform distribution of data an oceanic front is
indicated by a low density of T/S points (or low volume of water
in the frontal T/S area). The low density of data points in the
boxed area of Figure 4.1-9a, pierced only by the pycnocline S-max,
marks the shelf-slope frontal zone. Hence the pycnocline S-max
represents significant cross-frontal exchange.

In July 1975 a volume of very saline water was observed
over the slope (Fig. 4.1-9a). This is identified as a warm core

eddy and is discussed below.

August 1977 -

The August 1977 cruise T/S relation and historical T/S
for August (Fig. 4.1-10a,b) is similar to the July characteristics.
The inner, middle shelf water above the seafloor T-min forms the
low salinity (31.5-33.5°/00) component over an impressive temperature
range (9° to 22°C). The slope surface water over the main S-max
forms the saline (34.5-35.3°/00) component.

Between the two components are few data points, though
cross-over between components occurs over the outer shelf and at
some stations over the middle shelf. The outer and some midale
shelf waters show the dominant slope water traits, marked by a

S-max near 20-22°C and 23.9-24.7 o=t levels (area B on fig. 4.1-10a),
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in the upper pycnocline, with dominant shelf water characteristics
at the pycnocline base marking the seaward extension of the T-min
winter remnant cold pool waters near 26.3-26.7 6-t levels.

The slope water has two T/S areas influenced by the
shelf water: the surface low salinity layer, and a low salinity
layer in the same 6-t levels marking the seaward T-min extension.

The inner shelf T/S relation of station 17 displays
some excursions into the T/S void between the shelf and slope water.
While this excursion (area marked C on fig.4.1-10a) occurs at
16-18°C, its density is 23.9-24.7 &-t which is identical to the
density range of the slope water dominated pycnocline S-max.

This is taken as evidence that shoreward isopycnal spreading of
slope waters characteristic in the upper pycnocline>extends to the

inner shelf regions.

The August section does not show a well developed shelf-
slope frontal zone. However, the near void of T/S points in the
boxed region is suggestive of a frontal region. As in the July 1975
situation, the pycnocline S-max represents significant cross

frontal exchange.

October 1974

The VEMA 32:01 data obtained in October 1974 is shown in
T/S space on figure 4.1-11a, with the historical data shown in
figure 4.1-11b. The October 1974 oceanography has been discussed
by Gordon et al., 1974.

In October the surface mixed layer deepens as heat is

removed by the atmosphere. The lower layers of the thermocline



TEMPERATURE °C

BIT-T1°Y 2a1n8T 4 :

SALINITY °/o
20 324 328 332 336 340 344 348 352 356 360 364

T T SRV SRR,
/‘VEMAQI OCTOBER 1974 ]

340 344 348 352 356
1 1 L=}

MEDITERRANEAN
COMPONENENT OF

// NADW
| | | 1

TE/T ¥



4.1/32

n

~

.ol

]

(%2}

=z

o

el

—

o @

==

Thon
b

- w

- Z o
o

X #

-8
i
¥
.
1
3
nm.
o
S
e
:.I.lf
H
a8
.
o
AR LRI 3
“ e « Ly

2.,

A R e 5 . s sy

0 .q.w_.J.E___ PR A

L 3.5

o Sew e,

Figure 4.1-11Db



4.1/33
remain. Not until late'in Ngvember,iS‘the summer thermbcliﬁe
removed. | | |

The subsurface S-min of the siope region marking the
seaward_extent of shelf water into the slope pycnocline (axea A
of Fig. 4.1-11la) remains, as does the outer shelf remnant of fhe
pydnocl;ne S—max'(area B of Fig. 4fl—lla)._ Low salinity surface
water is observed throughout the area as the accumulated river
water in the summer upper mixed layer is mixed downward by the

autumnal convection.

(D) Cold Pool Water

A distinctive hydrographic feature of the New York Bight
"is ‘the pockgt‘of'cold water, called the ¢old pool, found near the
shelf break during the summer. Whether the cold pool is the
remnant of local winter cooled water, or whether it is renewed

from the Gulf of Maine,-is a continuing controversy. We have used
. the historical data sets.along with our own data sets to investi-.
gate the formation and dissipation of the cold pool.

- During April and May the shelf cold water is
cappea by a rapidly'forming chnocliné. The near shore wéter is
heated to the‘shelf floor by wind and tidal mixing. The cold pool
~is bound seaward by slope water.

Few data sets are sufficiently detailed and synoptic to
assess the strﬁcture and seasonal.evolUtiqn of the cold pool. The
best avaiiable is that'of_Colton et al. (1968), which covers the
Gulf of‘Maine éhd the northern New. York BightAfor the years 1965-66.

ks

' out
Although the station grid is not sufficiently fine to rule®advection:
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of cold water from the Gulf ef Maine'via the Gfeat South Channel
between the Nantucket shoals and Geotges Bank, this is not.likely
since the coldest cold pool temperatures.are persistently found
in the New York Bight near the Hudson Canyon. |
The mean circulation in the New York Blght has now been
evaluated from the long term MESA moorings (Mayer et al., 1979)
The near bottom circulation is weaker, 25-40 km/month to the south-
west,land contains greater interannual Vatiability than originally
suspected (Beardsley et al.,. 1976). .At times the bottom flow
reverses direction to the northwest.' These reeults suggest that
for the months of May to September wheﬁ the cold pool is such a
distinct feature the bottom water near the Hudson Canyon originated
-most likely during the previous winter within the New York Bight.
The longevity of the cold pool, therefore, would seem
to depend'primarilonn local mixing processes. In 1965 the cold
pool.persiSted through September, while in 1966 it disappeared in
August, in spite of the fact that the March (winter) conditions
were similar both years. In 1965 the seasonal evolution of the
cold pool in T-S space was very close to being isopycnal, whereas
"inA1966_the'evoiution Was‘more‘isohaline. "It is sugéested'that »
beth yertical'and isopycnallmixihg processes are important, but to
varied degreSs of relative intensity iﬁ different years. .In_1966
the cold peol evolution was nearly isopycnal until mid summer,
when weakening of the pycnocline results in.a vertical flux of
~"heat, suff1c1ent to severely attenuate the cold pool
Ketchum andﬁéerW1n (1964), studylng the ‘cold eeol evolutlon
in 1957 to 1959, also find the T/S changes are produced by:.a combl—
nation of vertical -and horizontal (isopycnal) processes,»and the .

ratio between the two values from year to year.
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In 1977 there were four sets of data from which the /
evolution of the cold pooi water and of the linea; T/S component'
of fhe benthic layer can be defined (Fig. 4.1-12; Fig. 4.1-1
shqws theHstation positions). .The linear T/S line élowly warms
aﬁd ifs gradient becomes less steep (smallef T:S ratio); At
33.5°/,, the total temperature iﬂcrease amounts to over 6°C.
‘Warming is expected, since there-ié no source of cold water to
‘maintain the cold pool water, as loéal'convection stops by April
and any possible connection with Gulf of Maine Intérmediate Water
(which Hopkins and Garfield, 1979, suggest is the source of the
New York Bight cold pool water) is apparently cut off;

Warming or attenuation of the céld pool water can come
about in three ways (represented schematicaily in Fig. 4.1-12) ¢
1. vertical flux of heat across the pycnocline;

2. isopycnal mixing with slope surface water;
3. benthic layer intrusions of NACW-slope water.

The cold péol water must be mixed or replaced (a
question of the scale of the exchange as the distinction of ad-
vection and diffusion blurs) by warmer water.A Certainly some loss
is expected by the isopycnal process (item 2), since the T/S
‘evolution of the cold pbol‘water is either isopycnal (1965) , or
nearly so (1966 and 1977), and é'sighificant'cohcaVity'in the
slope water T/S relation (area A in previous T/S figures) is ob-
served just above the main S-max. However, verticél’flux of heat
is élso of Qome importance, in that the cold pool density does

decrease somewhat. The vertical heat flux is given by:

CpKy é%.= downward heat flux cal/cm?/sec

Using a characteristic CpKz of 0.1 cal/°C-cm*sec (as suggested by



| SALINITY %o
33 34 35

@VERTICAL @’ -
———i—\”s‘“ [SOPYCNAL
OLD ¥pooL >+

3 METHODS
OF ATTENUATING
THE COLD POOL

WATER -

T/S EVOLUTION -OF

COLD POOL BY THESE.
3 METHODS

® evoLution T

o

! Figure 4.1-12
t

15

BT '
TEMPERATURE °C

‘h/({v



4.1/37

the radon results) and a summer thermocline of 7.7x10”3 5C/cm,
a heat flux of 7.7x10"'4 cal/cmz/sec is determined. This is

enough heating to warm 20 meters of water by 1°C/month, which. is

-about the warming rate at the 33.5°/c, isohaline observed in 1977.

While cold pool water is exchanged with slope water in .
near isopycnal process, significant attenuation by cross isopycnal,
effective vertical mixing with the surface and pycnocline shelf.
waters is expected. The K,=0.1 may represent an upper limit, since
the isopycnal process supplies some of the heating. |

Because of the large perturbation in the position of

shelf/slope water front, and the similar scale size of the horizon-

tal gradients and turbulent motion, a comparable number for lateral
mixing is difficult to calculate and probably meaningless. Yet,

these lateral processes are an important means by which the bottom

water on the shelf is modified.

Mixing of cold pool waters with benthic layer intrusions
(item 3) may not be important as a source of heat/salt to mix with
the cold pool water, but it is important in inducing the near
linear T/S layer below the cold pool T-min exten51on.

The foot of the shelf-slope front over the outer shelf

is marked by 1ncrea51ng temperature and salinity as the seafloor

_is approached. This'must be-maintained by-slope water intrusions.

The extrapolatlon of the linear T/S relation characteristics of

: this component of the benthlc layer shows it to meet the NACW-slope

T/S curve near ‘the local main S-max po;nt,‘suggestlng~thls‘1s the.

probable source. The other low salinity mixing component is the

cold pooi water. Since the cold pool water does not become
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substantially more'saliné;‘the'cold pool_volumé does not incorpo-
rate the NACW-slope water. The'mixture, expressed by the linear
T/S benthic layer, must move seaward.- | |

It is concluded that the main body of the cold pool water
is both made warmer by vertical mixing and.madé warmer and saltier
by isopycnal process. As to which is dominant is not known, -
thoﬁgh yearly variation in relaﬁive importance is expected.' In
éddition, the cold pool water vqlume may be reduced as sections
calve into the slope region (Wright 1976), and as volumes mix with
benthic.intrusions of saline water and~spréad seaward;

The initial deﬁsity of the cold pool water may be
critical. in determining its fate in the stratified period. " When
it is dense it would interact with the more voluminous sub-pycno-
| ) ciine slope waters,:and hence may be mixed isopycnally) at a more
rapid rate with the warmef—more saline sloée water. When the
cold pool water 1is less dense, it would be in isopycnal communica-
tion with the small volume lower pycnocline on the shelf and
hence can be a more persistent feature.

The density typical of the iower pycnocline on the slope
is 25 to 26 6-t, with 26-27‘6—t being more typicalvof'thé sﬁb—
pycnocline (but above the main S-max) layer. A 6-t unit change
in the cold pool density would be accompanied by a 6°C variation
} ‘in thé end of winter cold pool temperature(at 33.5°/00). ThisAis

about the maximum variaﬁion observed siﬁce 1956 (fig. 4.1-7 ).
Therefore it is pdssible to develop some model for
cold pool evolution auring the summer based on its initial end of

winter density.
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(E) Cross Sﬁélf'Mixing Model

The New York Bight T/S sfructure for the various periods
_cévered by the DOE field worklsuggests patterns of cfoss-shelf
éxchange processes. 'Natﬁrally, inter annual variability and
long shore processes may be of some importance-in modifying these
generalities. The overall pattern of cross shelf circulation is
given in schematic form in figure 4.1-13. It represehts an ﬁpdate
of thé cross shelf exchange pattern, first présented by Gordon
et al., 1976.

The-structure of the winter'T/SAshelf and slope surface
water is discussed in the January 1976 section above and is not
to be repeated hére.

The stratified pattern is dominated, away from the upper
and lower turbulent boundary layers, by isopycnal processes. The
slope surface water dominates the upperApart’of the shelf pycno-
cline, manifested by the pycnocline S-max.- The cold pool waters
or linear T/S layer of the benthic layer dominate'the lower or
base of the pycnocline of the outer shelf and slope surface water.

This dominance may be explainéd by the varied volumes of
water between isdpycnal surfaces. 1In a pndoéline where the
verfical density-gradient is large the volume (depth increment)
between isopycﬁal.surfaces is less thaﬁ the volume between the
‘same isopycnal surfaces, where they.fall outside (above orAbelow)
the pycnocline. Therefore; thg T/S properties of the lérge volume
of water would dominate the propefties of the small volume within
the pycnocline, Molinelli (1978) used a similar argument in

explaining a thermohaline feature near the Antarctic polar front.
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- The isopycnals composing the shelf pycnocline are of
lower density than thosev;omposing the slope pycnocline (Gordon
et al., 1976). The shelf pycnocline isopycnéls enter the above
pycnocline layer over the slope.' The sub pycnocline isopycnals
of the shelf enter the lower pycnocline levels of the élope.' In
this way the shelf pycnocline thermohaline is subjécted to a
dominaﬁt slope influence, and the slope pycnocline is subjegted to
é shelf influence.

Since the tilt of the isopycnals relative to the pycno--
‘cline is not extreme, thé slope water induéed pycnocline S-max
lies in the upper shelf pycnocline and the shelf water induced
S-min lies in the lower, near the base of the slope, pycnocline.
" When the pycnocline -S-max exteﬁds far inshore (e.g., station:l7
of August 1977 data), it is found to be deeper within the pycno-
cline. 1If oﬁr data set_exténded further seaward in the slope zone,
it is probable that the shelf waﬁer influence would occur at
.shéllower pycnocline layers. |

Yearly variability in the relative tilt of isopycnals
to the pycnocline is'expectEd. The layer below the seaward cold
podl'éxtension'(marked by anls-mih;'or isoﬁaline'layér; 6c¢a§ioﬁ4'
ally with a T-min near the basé of the seasonal pfcnoéline'of the
slope), in which the temperature and;salinity increase to the sea-
floor, Qver'the outer shelf below the foot of the shelf-slope
front, or to the main Sfmax marking the top of the NACW-slope Water,
is a mixture of remnant winter water and the waters characteristic
of the main S-max layer, as discussed abové. The'crosé-shelf

exchange pattern in this layeris hypothesized to be shoreward flow
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of the saliﬁe'slope water component over the floor of the'oﬁter
shelf within the lower, well mixed‘segmént of the benthic layer,
‘mixing with the colder less saline shelf waﬁer compbnent to form
the iinear T/S segment»of the benthic iéyer, which sﬁreads seaward.
The saline slope water component.is normally found at
depths_below the shelf break (as'shown on the cross-shelf sections
shown in section A), hence enhanced vertical mixing and/or
upwelling over the shelf break is expected. An internal wave
origin for this phenomenon is discussed by Wunsch (1968), and
Wunsch, Hotchkiss and Millard (1978). . |
During the VEMA cruise in 1974, many stations were

occupied near the head of the Hudson Canyon. The-thermohaliné
structure of three of these stations (Fig. 4.1-14) shdwsAsimilar-~"
T/S properties of the benthic layer's linear T/S segment. However,
they occur at greater depth (about 10 meters deeper)'over the
Canyon than over the floor of the outer shelf. This suggesté
upwelling amounting to many meters occurs at least near the Hudson
-Canyon head. A

| The benthic layer process may only be responsible for
salt introduction into.the outer shelf region, since the foot of
the shelf-slope break remains nearly fixed to the 60 to 80 meter
isobaths. The path of the'séasoqal evélution of the cold pool
thermohaline properties in T/S space lies between isohaline and
isopycnal lines; indicating that its demise is principally caused

by vertical and isopycnal mixing.
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VEMA 32-01
October'74

Figure 4.1-14
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The primary quasi-steady stateAmethod-of salt intro-
duction to the middle and inner shelf is apparently the seasonal
pycnocline S-max, which is integrated into the rest of the water
column by vertical mixing, particularly during the.autumnal
convection.. .

The salt introduction ro the pycnocline S-max represents
a cross frontal transfer'of slope surface water ia approximate
isopycnal fashion. It is probable that at the front small scale
processes, acting on the thermohaline fine-structure, are not
totally isopycnal, as double diffusion may be important (Joyce
et al., 1978; Posmentier and Houghton, 1978). In this way the
slope sallnlty is "stepped -down" to a. sllghtly hlgher den51ty value

over the shelf than 1ts slope water source.‘

As mentioned in last year's report, the pycnocline,sfmax
ends abruptly at a position near the 60-m isobath, close to the foot
of the shelf—slope fronf. Shoreward of this, the pycnocline S-max
presence 1is morelsporadic. This promptea the suggestionlin last
year's report of a mid-shelf front. The significance of the sudden

change in the pyc¢nocline S-max near the 60-m isobath is ﬁor clear.

An estimation of the significance of salt introduction by the

pycnocline S-max can be made as follows -

Vertical mixing acting on the pycnocline S-max would
broaden and attenuate the salinity maximum vertically, assuming
no reneWal. The standard deviation, o~ (thickness scale) of the

s-max is related to K, and t (time) by:
62.? 2 K,t (equation 1.26 of Csanady, 1973)

Using a K, of 0.1 cmz/sec, the o‘would increase with time (from

o a g functlon)
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o 1.3 m 13 m 39 m |
Therefore, since the pycnocline S-max is characteristically about
10 meﬁers thick, its time scale of renewal'must be'less than one
month. | |
The pycnocline S-max is at least 1°/,, above the shelf
component (see group T/S, particularly for July 1975 and August
1977, where the S-max is about 34°/.., while the shelf water out-
side of the S-max is near 33°/.. oOr leés). o |
U ing a 10 meter characteristic thickness of the pycno-
cline S-max covering one third of the shelf area, then each monthly
renewal inputs 5x106 gms of excess salt pef centimeter of distance
along the shelf-slope frontkn:l.93,gmsusalt/sec per centimeter
along the shelf-slope front.
The averagde stream flow onto’ the shelf of the Mid Atlantic
Bight is 47 cm3/sec per centimeter of coast (Bumpus, 1973). A
mixture of this runoff with 1.93 gms salt would "make" seawater-
with é salinity of about 41°/,,. The induced salinity is about
65°/,, in excess of the average shelf water salinity. This may
be responsible for the apparent deére&se of river water content in
the direction of flow to the southwest (Ketchum and Keen, 1955;
Bumpus, 1973) .
While the above estimation is about 20% above the
éverage shelf salinity, in view of the gross approximations
used in this estimate it is gignificant. Hence, the salt intro-
duction by‘the pycnocline S-max could be a key factor in compen-
sating for the fresh water input in a steady state condition.
In winﬁer, isdpycnals aré‘sloped steeply and no shelf

pycnocline occurs. Isopycnal éxchange of slope water to  the
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middle shelf is not possible. However, during the winfér;Across
frontal exchange by small'scale processes mayicontinue, but the
salt is carried shoreward by non-iéopycnal'ﬁrocess.- The cross-
shelf salinityAgradient, coupled with a lateral mixing coefficient,
’may transfer the séltlshoreWard. Hence,fin summer, cross-frontal
salt flux feeds salt into the pycnocline S-max, whereas in winter
the cross frontal salt flﬁx spreads shoreward by non-isopycnal
processes in the full deptﬁ of the water column, due to tﬁe much
larger Kz winter value. | l

Voorhis, Webb and Millard (1976)Adetermine cross frontal
transfer‘by thermohaline fine structure (small scale exéhange)‘of
1.5x1010 gms'salt/day-km (1.74 gm/sec-cm), near the value calculatéd
above. 'In.Qiew of the épproximationsymade in. .the above determina- -
tions, as well as in the qurhis et al. estimates, the agreement
is quite gqod. Voorhis et al. point out that the croés-frontal
zone salt transfer by the fine structure can compensate the river
input, to form average shelf water.

Smith (1978) suggests that low frequency‘flux of salt
across the shelf-slope front'isvsignificantly larger than the
Asmall scale excﬁange'value of Voorhis et al.: (1976); though4one
wonders whether, if the actual length of the convoluted front were
taken into account)'Would the total salt transfer by the small
scale processes be significénﬁly larger than Véorhis et al.

values?
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(G) Warm Core Eddy hiJu1y11975f

The warm core eddy-obsérved over the slope‘sbuth bf Hudson
Canyon during the July 1975 CONRAD:cruise,Awhich was briefly
mentioned in laét year's report, has been studied in more detail.
The eddy core has been winter cooled and is distinguished.by
being located to the Fight of Iselin's NACW line in a T-S diagram
(see Fig. :4.1-15). ‘ |

The posi£ion of the eddy, denoted by the topography of thg
- 15° isotherm shown in Fig.4.l~16, coincides with that shown on the
NAVOCEANO Frontal Analysis maps and has a.diameter of approximate-
ly lbO km centered near stationA384. A temperature section from
the center to the shelf (Fi§.4.l-l7)shows the deep mixed core of
the eddy with isotherms rising steeply up the slope. Temperature
sections derived from 6ther cruises when eddies were not present
show roughly horizontal isbtherms over the slope, with negligible
seasonal fluctuations below 150 m. Using this average thermal
structure we calculated the thermal anomalies shown in Fig.4.1-18.
The maximum anomaly of 8°C ét 400 m depthAis éomparable to the
anomaly structure of cyclonic rihgs (Hagan et al., 1978).
However;'along:the s;bpe upward isotherm displacements of 40-70 m
produce'temperatﬁre anomalies of ;l to =-2°C. These displacements
which are greatest where the eddy intersects the slope, are most
1ike1y upslope Ekman'veerihg in a bottom boundary layer and
not just internal wave distortion. It doés, however, seem
curious that this boundary effect exténds 150 m or more above

the shelf floor. A model of the bottom boundary layer by
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Weathérl§ and Maiﬁihi(l97§) for an interior flow of 0.15 m s~1
shows a distinct bottom layer.with thickness of 9 m for a
stratified water éoiumn with N§=l.25x10f2s’1, but a more'ambiguqus
léyer 50-70 m thick for ah unstratified water column, i.e. No=0.
In our case the étratification on the slope is weak, No=4x10‘3s'l,
but the interior flow is larger.. Saunders (1971) has measured
currents .40-.70 m s~! in a warm core eddy. If currents of this

magnitude can penetrate the slope region then bottom boundary

layers greater than 100 m are possible.  However, the temperature
profile over the slope, e.g. Sta.433 (Fig.4.1-15), dées not show a well
mixed fegion at the bottom. |
Ourvprimary interest in these warm core eddies is to determine
thgir role in heat and salt éxchange onto the shelf. Because of
the apparent upslope flow the temperature on the floor at the
shelf-slope break will drop when a warm core eddy is incident on
the slope. _ The S-max also moveslupslope, distorting the base of
the shelf-slope front. The salinity:ofkthe shelf water is so
yariable that it is impossible with our limitedbdata set to
determine whether this results in a net flux of salt onto the
shelf) |
fhe primary decay mechanism of Gulf Stream'rings,is thought
to be isopycnal‘exchange from the core to the surrdunding watér

(Lambert, 1974; Cheney and Richardson, 1976). Such processes
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are evident in the T—S diagram shown in Fig.4;l-15.‘ Normally
shelf water mixes with slope water on or slightly fresher than
the NACW curve at 100 m depth. The T-S plot for Sta. 388
crosses the NACW line on the p=26.9 6t surface which4passes
into the eddy éore (Sta. 389). The 27.0 6t density surface
which normally is horizontal over the slope and intexcepts |
the shelf between 120-175 m.now dips dowﬂ to 460—500-m in the
eddy core. Thus the shelf waters can communicate isopycnally ‘
with a much larger volume of warm saline water.

The role of thése warm core eddiés Iﬁ the salt balance in the
shelf waters is uncertain. . To balance the freéh water input onto
the shelf requifes approximately 2000'km3/y. of 35°/00 slope water
(Wright, 1976; Gordon, 1977, abstract at 1977 Mid AtlanticABight

Workshop). An equivalent amount of salt is derived from 1940 km3/y of

436°/°° warm core eddy water. The uppef 200 m of an eddy with

50 km radius has a volume of 1560 km3. Since there is an
average -of at least 3 eddies incident on the sloée per year.
they alone, if their water is mixed onto the shelf, coﬁld easily
modify the salt balance.

We observe intrusions of shelf and slope water off and onto
the shelf at the perimeter of the eddy similar to but smaller

in magnitude to those reported by Morgan and Bishop (1977).

The data does not permit an accurate estimate of flux rates.

We expect that warm core eddies are ﬁore effective at extracting
shelf water off the shelf by entrainment than driving slope water
onto the shelf, since the turbulent kinetic energy is greatef

in the eddy than on the shelf and the salinity maximum at 1000 m
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is below the more energeﬁic currents near the surface of the éddy.4
The degree to which these intrusions are mixed to produce a

net exchange of salt onto the shelf has yetAto be evalﬁated.

Given the infrequency of warm core eddies and the fluctuation

of salinity on the shelf,.one can only speculate on the relative
importance ofAeddy induced‘shelf-slope water exchanges comparsd

to isopycnal mixing that persists at the shelf-slope front

thfoughout the year.

(H) Temperature- Oxygen Relation

During most of the DOE cruises samples for oxygen con-
centration determlnatlons were obtained. The T/02 relation for
October 1974, July 1975 January 1976, August 1977; is given in
Figure 4 1-19a,b,c.

Two points are now developed: (l)-the:miéfation of the
T/0, portion of the shelf remnant wiﬁter water toward lower
oxygen during the stratified period; and (2) the occurrence of
a super-saturatsd layer in the summer thermocline, strongest at

near 12°-16°C in July 1975 and above 16°C in August 1977.

(1) The oxygen of the bottom water on the middle shelf
in January 1976 is at the saturation level of about 7 ml/l. 1In
July 1975 it is near 7 ml/i, 5 ml/1 in August 1977, and in

October 1974‘it is near 4 ml/l. Assuming the decrease in bottom

- water oxygen begins with initiation of stratification in late

March, an average oxygen decrease of 0.5 ml/l-month (April 1 to

September 30) is suggested.
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Since oxygen is introducedAinto the bdftom water of the
middle shelf-ﬁy vertical diffusion and isopycnai exchange, the
observed bottom water decrease is less than the copsumption fate
due to oxidation of bottom organisms. Hence, the actual oxygen
utilization-in the-bottom layer of the middle shelf is in excess
of 0.5 ml/l'month. ‘

The oxygen of éhe bottom Water over the inner shelf,
sampled in August 1977, is significantly below the middle shelf
bottom water oxygen (about 3 ml/l less). 'A decrease of about
1 ml/l-month for the inner shelf is suggesfed (April to August).
Higher degree of oxygen utilization on the inner shelf is the

probable cause. Again, vertical diffusion oxygen input to the

‘- inner shelf bottom water indicates that the actual oxygen utiliza-"--

tion in the inner shelf bottom waters is greater than 1 ml/l:month.

(2) The supersaturation in the summer thermocline
amounts to 115 to 120% of full saturation. An example of oxygen
versus depth, displaying the thermocline 02-m33, is given in
figure 4.1-20. The Oj,-max is'believed induced by a chlorophyll
maximum within the shallow shelf thermocline. The-high;inéfeése of
stabiiiﬁy restricts the.vertical outflux of -dissolved oxygen pro-
duced by photosynthesis. The stability of the seasonal pycnocline
chlorophyll maximum in the face_of tidal induced turbulence can

be determined using the formulation of Pingree et al., 1978.

E = loglo CD 3'1;‘;on

where U, is the mean tidal current, h is the water depth and

Cp is the drag . coefficient (taken as 2.5x1073 by Pingree et al).
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For the northwest European shelfAPingree et al (1978) show that the
chlorophyll maximum is persisteht when E lies between -l'end -2.

The typical U, are 8 to 20vcm/see for the innef shelf
(Hansen, 1977). Using 10 cm/sec, E=-2.7; using 20 cm/sec E=-1.8.
Hence a chlorophyll maximum is expected in the New York Bight
(assuming the same E range applies to.the New York Bight).

The appropriate E range is dependent on the vertical
density :gradients, which in conjunction with the local K, provide

the nutrients.

The loss of the oxygen from Oj-max by vertical diffusion

can be estimated for a steady state 51tuatlon from productlon rate,

~determ1ned by observed carbon- productlon (also see the Blology
section, in which a companion determination is carried out).

The vertical diffusion equation for steady state is

K
V°—Pis7“c'+ J=0

where J is the 0O, generation rate. If K, is constant the equation

becomes .

d2 Oy -
dz2

K

z -J

The carbon.uptake is 20 ugm C (l.67x10'6 moles C)-per day per
one ugm/liter of chlorophyll. The range of chlorophyll in the
New York Bight thermocline is 1 to 10 ugm/1.

| Uptake of 1.67x10~6 moles cafbon/day liberates 1.67x107°
moles Oy per‘day, or 1.93x10"10 moles O,/sec. This converts to

4.32x10~7 ml/l-sec of oxygen per unit ugm/l of chlorophyll.
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The total range of J is

.<
<

J = 4.32x10"7 to 4.32x1076 ml/1-sec

The value of K, was calculated for five stations in the
August 1977 data set. The 9702 were determined from the CTD-O,
data (oxygen corrected for sensor drift using the water bottle
data) . Thejresultsvare

- chlorophyll concentration ugm/1
Station* 1 ‘ 10

16 0.1 ' 1.0
17 0.137 1.37
18 : ‘ ' 0.09 : 0.9 .
19 ' 0.231. ‘ 2.31
20 : 0.175 1.75
Average ‘ 0.147 1.47

Hence a range of 0.15 Eb‘lfgnfof-Kz is'hécess&r§htshdiffu§é %' .
Verticail§A;£e ogfgeﬁ-éroaﬁcéd\iﬂ\the thermocline. This range is
qguite simiiar to that determined using nutrient flux, presented
in the Biology section.

Sincé the oxygen maximum is in the lower part of thev
pycnocline, this K, is believed representative of the lower pycno-
" cline. The upper pycnocline is stronger and lower K, is expected.
The‘Kz¥0.l,‘ﬁsed-f6r the'T/S sectioﬁ, may be feprésentative of

the minimum K, in the summer water column.

This concludes discussion of the results of "New York Bight

Stratification”.
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BOUE TROU - August 1978 e

The fiel@ work in Augﬁst 1978 was deéigngd tb méet,twq quectiﬁeé;’maﬁping
sediments and'cheéking for timé variability of the excess radon in tﬁe mud hoie
soﬁth éf Rhode Island and studying thé interleaving sfructure at the shelf/slope
water front.. The former consisted of widely spaced statidns'shorewérd of the
80 m isobath , the latter éonéisted of twovﬁarallel XBT iiﬁeslgurroundingia line
of closely spaced CTD stations from a drifting bogt (see Fig.44.1—21.).

Stratification typical of summer conditions was encountered during the
cruise. Surface temperatures 23-25°C extended throughout the region over a
stfong pycnocline at 20m depth. Beneath the pycnocline gbld popl‘temperatures
of 6-7°C were recorded. Although colder than previous years, these are well.
witﬁin the fangé observed in the .historical data. AWithin thg coold pool no
temperature>fine structure is observed.

We use the 8 and 11 isotherms to demarcate the frontal zone separating
the shelf and slope waters. Fig. 4.1-22 shows the intersection of ;his front -
on the shelf floor. As anticipated it follows the contours of the 80-90
isobaths. |

The XBT sections shown in Fig. 4.1-23 and 24 show the complex interleaving

fine structure at the shelf/slope front. The slope water intrﬁsion up the
slope under the edge of the cold pool results in a T-minimum layer at 50-
60 m depth. The region of intepse interleaving extends 10 km seaward from
the terminus of the cold pool. We were encouraged at the'persistence of
this structure and our abi1ity to navigate‘the ship back into the band of
fine structure.

The XBT spaéing was sufficient to resolve interleaving structures.

some of which are continuous over 10 km. Aliasing of the internal
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Figure 4.1-22
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wave motion can account for irregular 10-20 m vertical displacements
of the structure. Therewas evidence of much smaller structure and
isoclated parcels of water.,

This smaller scale structure was resolved on the section of
closely spaced CTD stations. After completing XBT line 1, we steamed
back into the region where fine structure had been previously observed
and began CTD casts every 1/2 hour from a drifting ship. From CTD
station #15 to #20. The ship drifted slowly parallel to the isobath
with an average spacing of 400 m. The ship then started to drift on
shore at the same speed. After station 25vthe drift speed increased,
lengthening.the station spacing to 900 m. The temperature section shown
in Fig.4.1-25 - reveals a complex structure of interleaving intrusions
in a highly stratified regime. Some of the apparently isolated parcels
of water may be connected by : 3—dimensional structures. The salinity
structure is compensating,sb"that the density gradients are vertical,
even across the frontal.bounaary seaward of the cold pool.

A composite T-S diagram of all of these CTD stations (Fig.4;i—26)
shows some useful organization, in spite of the apparent confusion.
The cold pool and seasonal warming of shelf and slope water are evident.
The latter produce isohaline thérmoclines. Also the transition between
shelf and slope water occurs along "preferred" isopycnals.

For greater clarity the CTD stations are divided into three
groups which have distinct T-S patterns (see Fig.4.1-27,28&29). The inner
stations 37-34 (see Fig.K) pass through the cold pool, but also have
intrusions of slope water along the 24.5 dt surface. Never before have
we seen such extremes of water type at a single station. The middle
stations #33-26 (Fig.4.1-28) feature a thick halostéd between 24.5-26 6%

as a result of seasonal heating of slope water. The outer stations
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#24 14(F1g 4.1~ 29)have a tran51tlon from shelf to slope water at a
greater depth In the absence of vertlcal m1x1ng this transition
would be 1nf1n1tely sharp and along an 1sopycnal

’ U51ng these T- S diagrams we can construct a sectlon ( Fig. 4 1- 30) of
-this frontal reglon show1ng ‘the dlstrlbutlon of watér types on a scale.
of 1 = shelf and 10 = slope. A thin tohgue of shelf water extends just
below the 20°C - isotherm 5 km seaward of the cold pool. Above the cold

pool is a detached parcel of shelf water. Between Sta.l4 -and 23 is a

layer of shelf water which may be attached to che“ihne;'congue by;a
threeedimensional structure. | | |
The position of the shelf-slope boundary at mid depth (30-40m),

the depth. of the .cold pool T-min is.shown in Fig£4.I#3l. In contrast to

the shelf bottom (Fig.4.1-22), this boundary does not follow the bathy-

metry. The cold pool is pushed’S-é km shelfward oh the CTb lihe as

compared to the two‘XBf lines. This convoluted boundary has alongshore

scales of 10-20 km. The picture we get of the shelf/slope front is

a region with 5—10 km scale intrusions, detached parcels and meanaers

with sharp vertical and horizontal boundaries between distinct ahd sharp-
' ly contrasting water types. 1It's clear that e'study of the &pace and’

time evolution of these structures poses a formidable sampling problem.

We have'attempted a preliminary investigation of whether double
diffusion could be the predominant mechanism in the vertical mixing of
these intrusions. According to Stern (1967), a cold)fresh intrusion
should become more dense in time as it mixes with warm,.salty water.

A T-S plot of the locus of the core of the cold water tongue at 20 m

shows it becoming less dense as it moves off the shelf. All intrusive
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layers COherén£ 6ver 4 dr_ﬁore stétibns wefe teste& and néne unambigu—.-
ously-confirmed fhe double-diffuéive hypothesis;: It wéuldAﬁOt be
surprising if other mixing mechanisms,compéted witﬁ doubié diffusion
toAprOduce a cémplex situation. |

To studf the slope/shelf frontal miking, either iarge écaie surveys
such.as the one we haveAuﬁdértaken_on the 1979 ﬁACACA cruise, of a time
series of the small scale structure isAfequired. The field work in 1978
confirmed the existence and‘persistence of small scale features on the

frontal boundary. The data provides a wealth of detail,,whiCh we are

‘continuing to analyze and which is invaluable in constructing a realistic

"design for future field work.
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4.2 Oxygen Isotopes as Tracers of Water Mass origins on the
Continental Shelf

. The rationale for the use of oXygen isotopes as a trécertof water_

mass origins has been explained in détail iﬁ the previous report aﬁd
‘ proposal. .Its potential is based on the isotopic vériation}in cbntinental _
waters flowiné into the Atlantic shelf as a functibﬁ sf latitude. Realiza-
tion of this potential, however, depends on achievement -of sufficient
analytical precision to aistinguish between two isotopically-distinct
sources aftsr they suffer varying degtees‘of dilution and mixing in the‘
waters of . the continental shelf. fhe rationale and our initial results
(using both oxygen isotopes and hydtogen/deuterium as tracers) based on
oﬁr analytical capabilities as of one or two years ago have jﬁst been
published (Torgerssn,vT., 1979, Isotopic composition of river runoff on the
U.S. East Coast; Etsldation of stable isotope versus saliﬁity pldts‘for
coastal water mass identification. Jour. Geophys. Res., V. 84, (No. C7),
P 3773—3775) and appears as Appendix 10 

Since Torgersen's work we have imporved our analyticai capabilities
through the addition.at our laboratory of a new gas-source mass spectro-
meter under support of other projects, and by the construction of a new
C0,-H,0 equilibration system, largely with support of this contract. The

2 72

new COZ-HZO equlllbratlon system for 0 18 analy51s of sea water whlch was
|

developed with funds from NSF-~OCE-77-25976 for R. Fairbanks as well as

better than +0.04 per mill based on multiple analyses of our laboratory

standard NADW-1 (see Table 4.2/1). This precision can be achieved routinely

-

from this contract has just been tested. The analytical precision is

and is approximately an order of magnitude better than the precision of

the system previously used at Lamont.
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4{Cufrentiy; 6 samples can be equilibrated simultaneously and.analyzed per

working day.

All three water fypeé (South Atlantic Bight, Mi&—Atlaﬁtic Bigﬁt apd
Georges Bank) can be readily distingﬁished By the improvea }86 system at
salinities less than 34 per mill, thus covéring the range of-shelf waters.

We are'currently analyzing surface'water samples‘along a north-south transect
from our July l§79-cruiée.which we anticipate will include fﬁe entire range

in 18O values we might expect in our studies of the New York Bight. Our

next objective is to analyze vertical profiles covering several seasons

in the New York Bight -to determine the origin of the '"cold pooi" water
below the thefmoéline-in the New York Bight. We do not know whether this-
water represents remnant water of New York Bigh; origin from thé previous
winter, or represents a continuous.flow of cold water from the‘Géorge's
Bank area (i.é., isotopically light). See Section 4.1 and particularly

p. 4.1/33 ff. for a discussion of cold pool hydrography).



"Table 4.2/1

NAWD~1

Replicate Analysis of‘Laboratory '
Standard

LDGO #
4092 6/2§/79
4093 |
4094

4095

4096

4097

4120 7/3/79
4121

4122

4123

4124

4125

4140

4180

EQUIL. TIME (MIN.) . DELTA 0-18 @ 20.0°C W/WET-1

225 1.82+.02
247 1.87+.02
‘284 Min. Equi. Time ‘ 1.90+.02

319 v1,9st.01A
330 l-9it-03
350 1.92+.01
1175 :*1.811.01
1195. 1.93+.02
1217 1.93+.03
1239 ©1.95+.02
1266 1.95+.02.
1331 1.95+.02
1121 1.90+.03
2572 1.93+.02
X*elim 1.93+.016
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4.3  Radon—222'as a Tracer of Water Motions and Mixing.

4.3/1 Introduction

Work on the use of radon as a tracer of meso-scale water motions
and mixing has proceeded along several lines as described in the three.

following section. This work is largely the Ph.D. thesis project of

'Steve Carson who has increasingly téken charge of aspects of the problem.

Relatgd studies of ;adon'fluxes in Narragansett Bay are included- in his
thésis work and where relevant are disucssed ‘in thié report. No'specific
report is given on the work on dissolved 226Ra because measurements during
the past contract year have not altered the value.of lOQif(S &pm/lOOR reportéd
last'year for dissolved radium-226 in shelf water in the spring. More
samples of slope water were collected during the RACACA cruise‘to provide
needed data for radiuﬁ in slope waters. In addition we began testing a
technique for recovering the radium from sea water while at sea t§ preclude
the cumbersome (and expensive) problem of having to ship whole water

samples back to Lamont for analysis and then the problem of storing them

once here. Results from the RACACA cruise on radon in the "low-radon zone"

of the continental slope and rise are given below under Section 5.0 FIELD
WORK rather than here since they are just preliminary results. The

sections following deal with .the problem of modelling source functions of

222 . :
Rn from bottom sediments, the results of last years attempts on the

Boue Trou cruise to quantify short—term‘variaﬁility in radon distributions,
and modelling of excess radon distributionsvto.yield mixing coefficiénts.
The paper by Biscaye, Olsen and Mathieu describing some of the early
results of the distribution of radon (andlsuspended particulate matter)

in the New York Bight has been published as part of a symposium volume

and is included as Appendix I.
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. 4.3.2 Radon-222 séuréé fuﬁction
- As discuésea in preQioﬁs reportsathe production of 222Rn in

the sediments can be reiated.foAthé éercenﬁage less than 63 um seaiﬁents
in most areas of the Bight. Different relationships between those para-
meters have been determined for two regions;' 1) the "mud hole" area where our
sample.density was limitedlto a-single traverse in’Jahuéry 1976,
. and 2) the rest of our study area excluding an anomalous‘region south
~of the Hudson Shelf Channel. On:cruise CH-78-BT of August 1978, 44 grab
samples were collected in a portion of the '"mud hole". 4These have been
analyzed for grainsize distribution (Fig.4.3/1). These data can be used
'in conjunction with the known 222Rn production vs. % < 63um relation-
'ship to refine our knowledge of the source function for 222Rn in that area.

Four box cores were also successfully collected and analyzed for
222Rn on the cruise in August 1978 to obtain estimates of radon fluxes by
measuring radon'deficiency.in the upper sediment column. Two céreg were
collected with a one meter square box corer designed by Hessler and borrowed
from F. Grassle of Woods Hole Oceanographic Institution. One of these was
céllected from the "mud hole" and_aﬁother from the slope ét a water depth of
1800 m. Both éf these box cores were subcored with a 2 1/8" 1D core'liner and
the subcores were sectioned at 2 to 5 cm intervals. The sections were
placed into jars with 100 mg of seawater; sealed and stripped of 222Rn
by bdbbling Hé throﬁgh thém:with oui éngaétioh syétem.

The othér two cores were collected with a V20 cm square box corer
originally designed by A. Soutar and borrowed from K.K. Turekian of Yale
University. These cores were collected from the "mud hole" and from the slope
at a water depth of 850 m. These cores were sectioned by means of "windows"
that can be opened in the side‘df the corer, a modification of Soutar's

design made by the Yale group. Starting from the top of

the core a 1-1/4 inch window would be opened and stainless steel or brass
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'plates would be pushed horizontally»into the core at the béselof that
windbw to diQidé,off the upper one inch; A two-inch section of 2 1/8 ID
core line; was then pushed downward into the sediment and stopped by the

- plate in order to collect a l—l/4‘ihch long section. The procedure was:
repeated down‘the length of the core with 1-1/4- or two—inch'secfions col-
lected. These sections were also placed:in jars and stripped.

By this method profiles of 222Rn were determined in these cores

(Figures 4.3/ 2 to 4.3/ 9. 1In order to obtain estimates of fluxes from these data

it is necessary to determine the equilibrium concentration of radon in
the same sections, i.e., the concentration that would be found in the
sediments if there were no loss to the overlying water. This is deter-
o222 ' . S s
mined by measuring Rn on the sections in the lab after sufficient time
: . 226
has been allowed for the re-growth of the radon from the decay of Ra.
. - S ey 222 .
The difference between the total amount of equilibrium Rn in the core
222 . -
and the total amount of Rn measured on the ship is the radon deficiency
. . . 222 ' ,
of the sediments and is equivalent -to the flux of Rn out of the sedi-
ments to the overlying water column.

The measurement of equilibrium 222Rn has been completed on one core

from the "mud hole" (SBC-05 and is shown in Figure 4.3/3 . The deficiency

calculated for this core is.in the range of 0.90—1.3»dpm/cm2. The large range .-

results from problems with blanks of the bubbler system being used which

are currently being assessed and corrected. If the equilibrium 222Rn

distribution of core SBC-05 is applied to the shipboard 222Rn distribu-
tion of core HBC-O0l also from the "mud hole", a simular flux is also
determined. If the overlying watér column ;éceived Rn only from these

. : . 222 . .
sediments, the standing crop of Rn in water above the core sites should

be equivalent to the deficiencies. These fluxes compare favorably with
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the highest sﬁanding crops meaéured aﬁ or near the two sites, althpﬁgﬁ most
standing crops measured in the water columﬁ were much lower. This is reason-
able since the cores were collected in relatively fine grained areas which would be
the major source of 222Rﬁ. Thué the fluxes from these sediménts would |
be expected to be among the greatest fluxes on the shelf in the Bight. The
variability of the standing crops (discussed further in section 4.3.3)
indicates significant interaction between waters from areas of high rédon‘~
fluxes and those with lowér fluxes.

Although the 226ﬁa in the slope cores has not yet been determined,
it can be seen from the shapes of the 222Rn profiles that the fluxes
from those sediments would be significant and probabiy larger than tﬁose
of the "mud Hole". Tﬁe deficiency in the core at 850 m appears to be.
especially large. This confirms previous work on grab éamples of sediment
‘that the low radon zone is indeed highly anomalouslin.that it seems to have

2Rn from the sediments than those in the "mud hole'", while

higher fluxes of 22
the overlying water column of the slope shows much lower standing crops than
that above the "mud hole'". We had hoped to obtain many more cores from
slope sediments but problems with our box corer (described in 3.0 and 5.2)A
kept us to only two new cores.

Many sampleé collected on the CH-BT cruise and on a short cruise on the
“A‘R/V'KELEZ in ﬁovember'of'1978~for_1aboratory pfpcessiﬁg. Three
six-inch subcores and large volumes of sediment for constructing
"cores" wereAcollected on CH-BT in order to do flux measurements in the
1aboratory. Because these sediments all have high percentages of the
fine grained component, large volume samples of sand from 'mormal"
and "anomalous'" radon production areas as well as sediment from the Hudson

shelf channel were collected in November, 1978, from the R/V.KELEZ.

Portions of the samples collected in November were frozen for later



analeis-of chemical prepertieS-in'an attemptltovundefstand‘the_cause'
- of the anOmalous'region_of fadon‘production. In‘tnis region relatively
" coarse gfained sediments. show unus&ally high levels of.zzzkn production.
We have found that the fraction of these eediments that is greaeef then”
63 um has higher concentratiens of‘zzﬁRa thee can produce diffusable

_222Rn than other sands of the Bight. This is somewhat anomalous in itself in

that 226

Ra is generally associated with' the fine grained sediment fraetion.'
Considerablelwork has been done in conjunction with another grant |
directed toward ‘an understanding of the fiuxes of radon from sediments
and the techniques for measuring such fluxes{ The work has,Been done
in Narragansett Bay, in tanks simulating Narragansett Bay and with 6"
4cores collected from'theABay. In the Bay fluxes have been measured by
two methods. One isAby covering a pontidn of the sediments with a
chamber and measuring ;he»conbentration of the radon initially and then
after a few heurs of incubation. The second is by determining defici-
ences. in diver-collected cores. The two techniques gave comparable
reéults in the Bay, alehough tne‘deficiency must be considered a lower limit
due to the fact that the length of core collected did not span the entire
deficient.zone.
In the tanks a third technique was used in addition to the two used
~in thelBay,} This involved the measurement of the_s;anding-erep of 222Rn.
in the tanks. With tne knowiedge of gas exchange rates determined from
other experiments the fiux.from the sediments could be calculated. The
techniques utilizing the chamber and the standing crop measurements
showed comparable values. The sediment deficiency technique, however,
indicated significantly higher fluxes than those determined from the

other techniques. This could be the result either of problems with the

coring technique or of inhomogeneities of the sediments.



4.3/6

Since the>tecﬁni§ue of méaéuring the standiﬁg croinn ;hé tanks
should give the'most reliaﬁlé'resulté,_these intercomp#riéon experimenps
indicate that the chamber techniqge is also‘gbod. The méasurement of radon
deficiencies in cores, Bowevgr, seems to overestimate the actual fiux.
Problems with the sédiﬁent radon_deficiency measufements were also noted on
the RACACA cruise as discussed in section 5.2.1. Experiments designed to
test the analytical procedures of that tecﬁnique are being carried out.
_Experiments with 6" Bay cores maintained in the laboratory were designed
to test the effects of benthic organisms important in the Bay on the fluxes of

dissolved substances out of the sediments. Unfortunately, the-

results of these experiments were highly erratic and nothing could be

said about the influence of the organisms on radon fluxes. Fiuxes did
not compare well with the Bay measurements. This indicates that there
are major problems with the technique that must be corrected before it
can be applied to the Bight sediments tha; have been Eollected for
laboratory flux experiments.

Seasonal measurements with the chambers and of standiﬂg crops in

222Rn fluxes occur in the fall aﬁd the

fhe tanks show that the highest
lowest in the winter. The seasonal change is only about a factor of

two or three. These results are consistent with the lower total stand-

ing crops found Eéidw the Ehérmdtliné in oﬁrlsﬁriﬁg‘1977 cruise'compared

to our summer 1975 cruise and fa11'1977 cruise. This seasonal change

may be the result of changes in benthic activity. Another indicator of

the possible influence of benthic activity on the flux of 222Rn from
sediments is that Narragansett Bay tanks that were spiked with oii and as a
result showed depressed benthic communities also showed fluxes lower by a
factor of three than control tanks.

Clearly the problem of estimating radon fluxes is not a simple one and

requires more effort.
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4.3.3 Radon Variability in the Water Column; Results from "Boue Trou"

An attempt-&as made on our cruise CH 78-BT in August 1978

to characterize the time vsriability of radon distributions in the-waters
above the'"mud hole". This was done in.order';o determine whether the
radon profiles can iﬁdeed be'considered steady‘stste and thus can be
used in modeling vertical and horizontal:mixing rates. Three sites were
selected for repeated occupation over severa; days. Two sites were
located within the "mud hole" where variability would be expected to be
the least because the sites were surrounded by sediments whish should
have similar fluxes of radon. The third site was at the eastern edge of
thel"mud hole"lwherevthere is a strong gradient in the flux and thus a .
high degree of variability in the water column could be expected.

All parameters which can be used to characterize the radon profile
' were highly variable at all three sites. The standing crops varied by a
factor of 2 to 4. The heights above bottom to which excess radon was
observed varied by at least a factor of 2. The maximum concentrations
observed varied by up to a factor of 1-1/2. Qualita;ive changes in the
shapes of profiles were dramatic; In many cases the variability could
be correlated with temperature, salinity and density changes. In other
instances any such relationship was much more elusive. Thus it was found that
iﬁ”this area at least‘as shat.tims, the radon distribgtion.is highly varisbie
and woﬁld be inadequate for use in understanding ver;ical mixing.

We do not feel, however, that this indicates that all of the data we
have collected in the Bight is so highly variable. This area showed evidence
of intrusions and considerable interleaving of various water types. This is
due largely to the depth and'to the proximity to the shelf slope

break at the chosen sites. 1In our other cruises, which focused on the
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_inder- and mid-shelf in the region of the Hudson Shelf Channel,‘the
lower water column of many stations appeafs better mixed and less subject to
intrusion. Thus it is felt that at such stations 222Rn can still be

a useful tool in the understanding of mixing processes.

4.3.4 Modelling of ExcessARadon Distriﬁutipns - Last.years report
inél@ded_é discussion of preliminar& analysis of radon data in terms of
verticél and hoiiidntal mixipg coefficients. Work in the past year has
focused on a more rigorous treatment of the radon.data particularly in an
attempt‘to measure mixing across the pycnoéline. The importance of obtaining
‘estimates of mixing across this Boundary is discussed from the bioldgical view-
point in Section 2.2 andlfrom the physical viewpoint in Section 4.1. The
following discussion deals with data from the May 1977 and July 1975 cruises
when there were both frequgnt well;mixéd bottom water conditions and a .
well-developed thermocline. |

Most profiles from May 1977 (CH 77-01) show a very similar shape
that can be related to the density structure of the water column. 1In
the bottoh mixed layer wﬁere T, S and Op show no vertical gradient,
the concentrations of excess radon are high and have low gradiemts. At
the base of the pycnocline or at stratification below the pycnocline the
excess radqn concent;a;ion Aeprgases‘rapidlyAwith distance abovg_bottom'
often decreasiﬁg to zero within'a féw meters. This characteristicv
shape suggests that a two-layer model of vertical diffusion can be applied
to most profiles and that all of the dafﬁ can be used together to calcu-
late average values of the vertical diffusion coefficientlwithin'each

layer.
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In order to.use all of the data together the concentrations had to
be normalized because concentrations within the lower mixed layer. varied
from station to station. The first step in the normalization process was

to determine the average height above bottom to which excess radon was

‘observed simply by selecting the midpoint of the high gradient portion of

the profile.  The standing crop of each profile was then divided by the

average height in order to determine the mean concentration of the profile.

In some cases the calculated mean concentration differed somewhat from the

concentration of the well mixed portion of the radon profile due either to

sampling reéolutidn or to near bottom concentra;ions thaf were much higher
than the rest of the mixed layer concent;ations.' In those cases the norma;
lization was done both with fhe calcuiated mean concentration and thaﬁ
estimated from the profile. All concentrations in each profile were then
normalized by dividing the mg;n;concentration of the profile.

The normalized data were then plotted relative to the mean height.

That is, the mid point of the high gradient region of the profile was
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chcsen.as the zero level and the normalized é&ncéntréfioﬁs of allAp¥§4
files Qere plotted at the appropriate distances above or bglow-thatAleVel.
Tﬁis was done so fhat all-Of the dg;a points from thé‘upper stratified
layer‘wouid fall togéther.

The modél‘applied,to the data was fhat.presented by Sarmiento et al.
'(1976) in which a constant value of Kz is assumed for each layer. Oﬁher
assumptions include éteady state conditidns for radon and no horizontal

processes. The equation for the upper layer is

C(Zl) = C. exp [-Zl/Zl*]

b

1

“where Z, is the distance above the boundary between the two layers,

C(Zl) is the concentration at Z Cb is the concentration at the boundary

l,
* ' :
and Zl = VKlek,'Kl is the vertical diffusion coefficient for the upper

layer and A is the decay constant of radon. The equation for the lower

layer is
= Cb 1 * % . . *
CA(Z?.) =5 ( +Z, /z2 ) exp [;2/22 1

Cb x % %
+-E— (l-Z1 /Z2 ) exp [-ZZ/Z2 ]

where Z, is the distance below the boundary between layers, C(Zz) is the

2
* .
Z2 =}/K22/},and 14

concentration at ZZ’ is the vertical diffusion coeffi-

Z2
cient in the lower layer. In order to use thé model graphically, values

for the height of the boundary between the two layers and the concentra-

tion of ‘radon at the boundary (Cb) were determined visually from the

‘plotted data. The average height of the boundary appeared to be 2-1/2 meters

below the midpoint of the high gradient region (i.e., the mean height).
Values of .9 and .95 were used for the normaliied concentration at the

boundary.
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- Model .curves showing radon concentration vs. height abp?e.the.boundafy .

were -plotted for the upper 1ayef with various values of K. and compared

Z1

with the normalized data. All of the data that showed a t&o-layer struc-

ture fell within the KZ range of 0.05 to 0.5 cmz/sec. For those stations

1

in which the upper layer was associated with the bottom of the pycnocline’
the data féll within the more limited range of 0.05 to 0.3 cmz/sec.

Using a vaiue of 0.1 cmz/sec for K., as a reasonable average, model

] ; 71
curves in the lower layer were calculated and plotted for several values

~of KZZ' Many of the profiles could not be adequately explained by the

simple model in which K22

is conétant. For those that did fit the model,
- however, a range of 10 to 100 cm2/sec‘was indicated for KZZ'
A similar approach was also applied to the data of July 1975 (RC19-01)
in which a two-layer structure is also apparent in the profiles. The
lower léyef of.mést profiiéé, howe&er, sﬁow more variability thén do théée
of May 1977. When plotted together, the normalized data of the lower layer
o in July 1975 show much more scatter than those of May 1977 and éhe assump-
tions of the model do not seem to apply. In the upper layer, however,
most of the data fall again within the range of 0.05 to 0.5 cmz/sec for

K, .. One profile suggests a K, of up to 1 cmz/sec.

Z1 Z1

The ranges found for the value of K, at the base of the pycnocline

yA
during May 1977 and July 1975 are identical to the range found by the
applibafion of a similar model to individual profiles as described in'last
year's report. For éome individual profiles the valug of KZl are lowered
slightly by the new approach of using all of the normalized data. together
because the vertical resolution is improved relative to studying individual

profiles.

The fact that the normalized data for May 1977 plotted closely
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together indicates that the general assumption of a two-layer structure
'is reasonable for that period. The data from July 1975 are more varia-
ble but they also suggest that a two-layer structdre exists. . The

is probably not valid. Variatiomns in K,

assumption of a constant K 72

Z2
from station to station would also=cau$e'scatter in the data.

The lower layer data from July 1975 indiéate that lower layer mixing
is very complex and may be affected by horizontal_diffusion and advection.
Many of the prbfiles show concentration maxima well above the bottom.

This was also the case for the data from Septgmber 1977 (CH77-15C) to
which the model seemed_iqapplicable. The lower layer was even more vari-
able than in July 1975 and the upper layer often seemed to intersect with
the surface mixed layer of fhe water column.in which fadon is deficieﬁt.

The gréat degree of véfiability in the lower layer could be the
result of the scale at which mixing occurs. The radon concentration at a
given location could be highly variable in time due to parcels of high
and low‘radon water that are large relative to the sample volume moving
both vértically and horizonﬁally through thé location. In order to under-
stand completely the complexities of the lower layer and, hopefully, to
model the mixing processes, a studylof timé Variability is essential. It
is possible that with a long gnough series of data collected at one loca-
tion the average profile could be used to calculate an average vertical
diffusion constant as in Biscaye énd Ettreim (1974). We did do a
limited time variability study on the RACACA cruise in June and are

proposing a more detailed study for the next contract year.
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4.4 Tritium as a ‘Tracer qf WéterlMasses on the Continental‘SheIf

Shelf water sﬁmples (at depth less than 110 m) obtainéd along
two crbss sections north and south of Hudson Canyon during the_CH 77-1
cruise, May 1977,(Fig. 4.4-1) were analyzed for tfitium content. The
preliminary results are shown in Fig. 4.4-2. 1In generél{ the ﬁorthern
samples éontain about 2_T.U}.more than the sou;hern samples-at the same

salinity, reflecting the fact that the higher the latitude in the northern.

hemisphere, the higher the tritium concentration in rivers and in the surface

ocean. The results bear out our suggestion that tritium can serve as an

excellent tracer of water masses on the continental shelf; Becuase the
RACACA cruise covered a much larger range of ;atitude than previous cruises,
we are able to obtain a seﬁ of samples for fritium analysis which covers a
much larger range of tritium values. By knowing the tritiuﬁ inputé from
rivers and £he change in tritium concentration from north to south in ﬁhe

Mid-Atlantic Bight, we can estimate the shelf-slope water exchange rate. .
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5.0 FIELD WORK

Since. last year's repqrt (July l978)iwe have had two cruises.,
The first, on RV CAPE HENLOPEN lasg August was actually part of the last
) coﬁtract year's program ;nq funding but had to be scheduled after the report.
The séientific resul;s of that ;ruise havé been included throughout this
report. A brief summary is given below.
The second was carried out on RV CONRAD in June of this year and, having

just been conpleted, only preliminary results are given below.

5.1 CAPE HENLOPEN, "Boue Trou" (Mud Hole)

As implied by the ﬁame,_this cruise was ﬁarried oQt primarily in
the area of the Mud Hole, that extensive anomaly of fine-grained sediments
which covers much of the continental shelf south of Block Island-=Nantucket.
The primary scientific objective of the cruise was to measure in one location
the temporal Variability of a number of the features and parameters heretofore
measured primarily on an areal or geographic basis in the New York Bight.
From the physical oceanographic viewpoint, this meant variability in water-
mass characteristics, pafgicularly features reflecting injgctioﬁ into the
outer shelf waters of slope waters along isopycnal surfaces. Geochemical
-variability was in terms of some of the natural radiocactive tracers such
as radon-222, thorium-234, -228, etc., and the parameters (appafent vertical
mixing, removal rates) calculated from them. The bioclogists were looking
for primary productivity variability and, in connéction with the estimation
of mixing across the pycnocline from radon-222, wanged to independently
estima;e miging from cross—pyénocline nutrient gradients and productivity

rates.
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An additional objécfive and impor;ént reason for siting the cruise in
tﬁe Mud Hole, was to test two different types of box corers. To study .the
rates of removal of pollutants from the water column into the sediments, one
must obtain sediment cores in which the sgrface sediment is collected un-
disturbed. Box coring is thé_only method burrently available with even a
‘reasonable chance of success at this. We tested two different desigﬁs of
box éore, one borrowed from Fred Grassle at WHOI and the 6ther from Karl
Turekian'at Yale. The WHOI corer was the Hessler-type with a'singlé space which
is used by most benthic biologists. While we obtained cores succeséfully with
this unit, it is very ﬁassive, to fhe point of being dangerouse to try to
use in any kind of sea, and yields much more mud than we need for geochemical
measurements. Ihe Yale ﬁorer was mb&ified after a design by Andy Soutar of.
Scripps; is much smallér, easier to take.samples from and we also obtained
cores succeséfully with this:unit. Based on this experience, we Built a
box coerer patterned after the Soutar/Yale design.

5.2 CONRAD "RACACA" (C22-08)

Previous yearé' field efforts under DOE support on the continental
shelf/slope have alllbeen focused in the area of the New York Bight and
: ' : covering a sector on the order of a hundred miles either side of New York =
City aﬁ the coast and the order of several tens of miles either'side of the . -
Hudson Canyon. During these cruises we repeatedly observea phenomena,
ﬁarticularly at and beyond the shelf break, which provoked the question of
their existence and intensity elsewhere. Wé were funded this year to pursue
the geographic extent of these observations in a cruise focussing on the
shelf-break, slope and upper continental rise from Hudsoﬁ Canyon south to
- A Cape Hatteras. The cruise was originally scheduled from New York to New York

but, because of Coast Guard regulations concerning the proportion of American
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nationals in a U.S. flég vessel's crew on dep#rture from a U.S. port,

St. Georges, Bermuda was the beginning and ending port (ll June - 2 July).

The extra costs of transporting our scientific geér and persohnel to and

from Bermuda was borne by L~-DGO from institutional fundé; ’dur DOE project
also benefitted from the addition of 6 days of shiptimé from the Office of
Naval Research. Dr. Bill Ryan of L-DGO is supported by ONR to stgdy

submarine canyons of the North American east coast. Because of various
problems in ship schedulés, the mosﬁ préfitable use of Ryan's ONR ship support
was to add it to our DOE leg. This permittéd us to do somebwérk in.the
Baltimore Canyon and to compare our results there with those obtained in previous
cruises in the Hudson Canyon. The cruise as scheduled and funded by DOE alone
was designed to cover inter-canyon ,areas and would not have had time to work
in the Canyon itself.

The objectives of the cruise were, 1) to document the extent of the low-
radon, low-particles zone in the near-bottom waters of the contintental slope
and rise and to learn the relationship between the distribution and intensity
of this zone and the topography (bathymetric gradient) and the underlying
sediments; 2) to measurelthe concentration, size frequeﬁcy and distribution
and obtain large (sediment trap) samples of suspended particulate matter
(SPM)génd Hydrbgraphic'characteristics in this zone édmpare& to fﬁose'in
overlying and underlying water; 3) to test the hypothesis that a pumping
mechanism, related to internal waves of tidal frequency, is dynamically
responsible for the low4radon zone; 4) to obtain box cores of sediments
underlying and adjacent to the zone; 5) to obtain a synoptic data set of

shelf front/upper slope water mass characteristics to determine the degree

-of shelf/slope water exchange across the front and obtain samples for tritium
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and oxygen‘isotbpe analysis for compa:ison;‘ 6) to measure primary prdduc;ivity,

nutrients, biomass relationships at the biologiéally-actiVe‘shelf/slope

boundary and to further test the relationship of these with radionuclide

(thorium-234) removal fates and to compare these rates against direct (in
vitro) measurement of radionuclide removal of zooplank;on fecal pellets.

Starting with lastlyear's CAPElHENLOPEN cruise wé adopted the custom
of naﬁing our DOE cruises in addition.to the more logicél, but pedestrian,
Lamont numbering system. Hence last year's "Boue Irou" in the region of
the "Mud Hoié". In view of this year's objectives strongly focusing on
radon and the role of fecal mafter in pollutant removal, the name RACACA
evolved from the first two letters 6f ;adon and the name used by parents
and children (in a number of languages) for feces, "caca" (from the Latin,-
cacare, to void, as excrement).

The éruise haviné just been completed, we cannot completely assess.the
degree to which these objectives were achieved. The sampling and measurement
program, with'two exceptions, was a.success with the following distribution
of casts throughout the stations shown in Fig. 5.0/1: 84 CTD profiles;

49 XBT profiles; 78 30 liter water .bottle casts for radon, SPM; 3 water

bottle profiles for radium-228; 28 nephelometer profiles; 34 bottom camera
stations; 31 continuous (surface 50 m) prsfiles of chlorophyll a and
temperatﬁre§'27 zooplankton tows; 50 sufféée-waternsaﬁpiés forAthofium
isotope.analysis; 2 box cores; 25 surface sediment grab or grévity core samples.

The two exéeptions to successful sampling were the zooplankton collections
for fecal production experiments (we juét could not net enough plankton to
produce enough fecal material),'and’thé box coring. We had decided‘to build

the Soutar-type corer based on last year's experience on "Boue Trou" where
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“the corer was successful on almost every cast. These casts, however, were
mostly in shallow water. We had not had time to complete the design of the
frame in which the corer itselflis hung, but based on last year's success,
without a frame, we,tried the corer out on RACACA. Conclusion'—— you need
the frame in deep water. We obtained two successful box cores out of some dozen
attempts but these appeared. to be almost fortuitous in view of‘ev1dence on most
other attempts that the corer was not hitting the sediment vertically and
appeared to be falling on its side. We designed a jerry—rigged-frame and,
with an enormous-effort beyond the normal call- of duty, Capt. Olander and
his crew constructed one out of scrap steel. UnfortunatelyAwe did not have
time to adequately test or use the corer with frame because, by the time
it was finished, we were operating off Hatteras where surface drift from the
Gulf Stream was so large as to cause even the frame to kite and drag on its
side along the bottom.

The resultslof RACACA are not finished nor are those of the several
disciplines integrated with each othet. We provide below; however, a summary
of major shipboard results in the form of a brief report from each discipline.

5.2.1 Geochemistry: Low Radon Zone. On previous cruises we have

consistently observed a zone of anomalously low radon concentrations and
standing crops in the near bottom waters of the continental slope adjacent
to the-Nen'York Bignt.‘ Tnis'zone extends, as near as webconid determine;
from the shelf-slope breakdown to 2000 m with the lowest values at about
1000 m. It also appeared to be associated with a zone of low SPM concentra-
~tions, as measured on filtered samples.

The track of RACACA was designed to determine the long—slope extent

of the low-radon zone, study its relation to bathymetry and gather data
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_to resolve questions about possible causés of the éonet Seven cross-slope
traﬁsectslwifh 4 to i4 stations per traﬁsect were occupied from south of
the Hudson Canyon to south of Cape Hatteras. Several stations were also
eccupied between'tranSect-sf The transects were selected to study regions
;of Vafying Bathymetry. ,Ohe transect was located in the Baltimore-CapYon'
region (Fig. SfO/l).

A thermistor chain with sediment traps was moored>atbcenteerf the 1§w'
radon zone (v 1300 m water depth) on the first transect south of the Hudgon
Canyon. Data.from the chain will enablé us to evaluate the importance of a
tidal pumping mechanism for removal of radon from .near the bbttom to areas
where.largerAscaleAﬁixing can take place as discussed in last years proposal.
Such a mechanism would be evidenced by increased separation of,isothermsiat
high tide. (The mooring was successfully recovered on 5 August on C22-10 and,
while the thermistor chain ﬁeésurements-appeared to record properly,‘the data
are not yet available. The four sediment traps operated properly and collected
considerable SPM which is being processed now).

Low COncentrations and standing crops of radon were found at at least -

a few stations on every transeét. Standing crops integ;ated up to 100 m

above bottom of 0.1 dpm/cm2 or less were found at one station in each'trénsect
except those in the Baltimore‘Canyqn.; Such values are on;the,order oﬁ 10%
~of that expected from sediment produéfion and fluxes. The depth of the
minimum in radon standing crop was variable. It was found at 1100 m in the
first three transects (Baltimore Canyon and northward), between 500 and 1000 m
in transects 4 and 5 (between Baltimore .Ganyon and north of Cape Hatteras)

and at 1300 - 1800 m on either side of Cape Hatteras. In general the minimum
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occurred at the midpoint of the‘steepest'séCtion of the slope with the

4
(

gxception of transect i where the upper 300 m was the steepest part .of ‘the
transéct (minimum at NilOOim). This suggests some relationship between the
low radon zone and the;inciination.of the slope. The naturetéf thaﬁ relation-
ship, if it really eXisté, is not clear beéause, even where the'inclinatioﬂ
of the bottom éppears to be fairly constant over a large depth range, the
observedAradon is variable byer that‘range withlthe lowest §alues occurring
at the midpoint.

In most céses fairly low values are found all the way up to the shelf
‘so there appear§ to be no clear upper bound to the zone 6n the.slope. |

If a standing-crop of Q.S dpm/cmz'is taken as an arbitrary indicator
of the extent of the low radon zone it can be seen thétzthe lower (déepest
wafer) limit is highly variable. Such a standing crop was found as shallow
as 900 m in transéct'A. In most tranmsects 0.5 dpm/cm2 in ﬁot reached until
1100-1400 m depth. Some stations faken between transects at V1250 m depth
show a range of standing crops frpm 0.14:to 0.52 dpm/cmz, indicating the
variability of the location of lower bouna. Better comparisons of standing
crops with bathyﬁetry can be made after the bathymetry of our cruise track
and final navigation are‘reduced.

As mentioned aboye previous surveys suggested that a low SPM con-
:cenfratioﬁ:zoﬁé is aséaciatéd Qifh:the‘lsﬁ radon ééne.. Preiiminary results
from RACACA indicate thaf this.is not true. The SPM standing crops (inte-
grated Qp to 100 m above bottom)lshpwed'a maximum just above or right at the/
observed radon minimuﬁ. From that maximum seaward the SPM standing crops .
decreased rapidly and then remained relatively constant below about ~1300 m

in the northern transects. The southern transects showed a slight increase
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below 2000 m'yielding‘a‘slight minimum between 1500 and 2000 m (which is deéper
than the radon minimum in these transects). There is no obvious correlation .
between low radon and low pafticles as previously ébserVed and in fact in
transgc; 4 the SPM'standing crﬁps shows a maximum at the depth of fhe radon
minimum. Tﬁg SPM sfanding.crops below 1500 m éré greater in the southern
sections than in the northern sections. As we found éreviously in the upper
Hudson Canyon, in the upper Baltimore Canyon both anomalously low radon and
very high SPM‘standing crops coexist. |

Due to techinical difficulties (reviewed'above).only'two box cores
were obtained on which radon profiles were measuréd. One core taken at
850 m depth shows a radon deficiency of 1.0-1.5 dpm/cm? (preliﬁinary
estimate). This éhould be equivalent to the flux of radon in atoms/cmzlmin
and to the totai standing crop expected above the sediment. The radon
standing_érop in the water at this station was n.12 dpm/cmz. The core
collected at 1800 m penétrated.mud more deebly'(WSO cm) and showed - large
radon deficiencies down to 70 cm. This résult is questionable'since.it
is not likely fof-radon to migrate from that depth except under conditiomns
of strong irrigation. At present we have ﬁo explanation for these results

and are checking them against analytical procedures.
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5.2.2. Physical Oceanography. ' Seven lines 6f closely-spaced CTD-O2 hydro-

graphic-stations nearly perpendicular ;oithe continental margin isobaths
were obtained during the RACACA cruise. The seaward front of the relatively
cold and fresh remnant of the winter water column is é striking featufe in
all seétioné. The .cold core of the winter water increases in temperaturé
thards the south from less than‘5°C (characteristic of the New York Bight)

to about 6°C in sction IV (around 37-38°N lat.). The cold core water at

‘Section V (near 36°N Lat.) is slightly below 6°C, reversing the long-shore

trend which, however, continues tO'almost.10°C off Cape Hatteras.

The Cape Hatteras section is quite different_ from the northern sections
in many ways, notably in the continuous and rapid seaward increase in isotherm
depth. This is due to proximity of the Gulf Stream as the zone of slope
water is "pinched out" between the shelf~§ater and Gulf Stream.

Isotherms aﬁd isohaliﬁes in the sloﬁe water interéect the continental
slope as approximately horizontal surfaces except at Cape Hatteras and in
the northernmost section (I) where a weak warm-core eddy is apparently
centered near CTD station #3.

The data set provides a synoptic picture of the long-shore variations
in the outer shelf, shelf-slope front and slope water zones of the entire
Middle At;aqtic Bigh;. The daté will permit stu@y of.shelf—slope inter-
actions as wellras pfo&i&e thé watér;mass (strétific;tion) data ;ver‘thé‘

slope water characteriezed by deficient radon concentrations.
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5.2.3. Biblogiéal Oéeanographz,f Sampling was éonducted-to determine the

disfribution and abundance of phytoplankton aﬂd zo&plankton populations,
and to estimate primary production of waters overlying the shelf-break
and slope from the Hudson Canyon tp‘Caée'Hafteras. Stations werevoccupied
élong tfansects across the slope from approximately the 80 M waﬁer depth to
the base of thg slope as well as one transect acrésslthe shelf of the New
York Bight fo a water depth of 25 M. Water was collected in ¢onjunction witﬁ
the physical oceanography and geochemical sémpling program for measurements
of chlorophfll_g (chl a), particulate organic carbon énd nitrogen, size
frequenéyAdistributions of suspended paf;icles, dissolved inorganic nutrients
(ammonia, nitrate, phosphate'and'siiicate), ATP, phytoplankton enumeration:
and identification, phytoplankton pfoduétion estiﬁate, and copepod gut
fluorescence. In addition, vertical profiles and surface mapping of in
Xizg chl a fluorescence were obtained using a submersible pump and the ship's
seawater system. Primary.production estimates were made using a simulated in
situ incubator and standard methods of 14C uptake.' Quantitative oblique and
discrete depth tows were madé for estimates of zooplankton abundénce and
biomass in shelf and slope waters. Experiments Qere run on shipboard to
evaluate the rate of'production of fecal pelleté by copepods and to obtain
adéduate amoqntsAof zooplankton fgcal materials for radionuclide analysis.
The radionuclide analyses are to be performed by the geochemical group.
Preliminary results are available for chl é_distributioﬁ and primary
production estimates, but further laboratory analysis is necesséry for an
evaluation of the rest of the measurements. Surface chl a concentrations
were less than.0.1 ug L-l in both shelf and slope waters. In slope waters

maximum concentrations of 0.1 - 0.5 ug L"1 were found in the thermocline.
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At the shelf-break and along the one shelf transect maximum concentratioﬁs

were 1 and 5 pg L-l, repsectively, énd were .associated with the top éf a

cold pool of water (<69C). The c¢chl max was dominated'by netplankton (>20 u)

on the shélf and at the sﬁelf-breék, and by nanoplankton (< 20 u) in slope waters.
‘_Primary production estimates were-highest'on the shelf, essentially

1l mgC m_zday“l for botﬁ the nanoplankton and netplaﬁkton fractions. At

the éhelf-bréak énd in slope waters'netplankton primary production was sub-

stantiall& lower whereas nanoplankton production was not as reauced. ‘Calcula—

tions of production per unit biomass, however? indicated that variations in

ﬁroduction were more relafed to vériationslin biomass rather than .growth

rate. Exéept for netplankton at the shelf-break, producﬁion per unit

"biomass was generally high everywhere ranging from 92 - 225 ug C [chl]-lday-l

and 54 - 202 pg € [chl]-1 day;}fof nanoplankton'and netpiankton, réSpectively.
At the shelf-break netplankton chl a was maximal at the-bottoﬁ of ‘the
euphotic zone and prodgction per unit biomass was reduced to 5.3 ug C [c:hl]-l
day—l. Thus, phytoplanktén populations in the areas sampled'werelturning
over rapidly. Doubling times on the order of less than a day were calculated
for all euphotic areas (assuming a C:Chl‘= 47)\except for the netplankton

at the shelf-break where the estimate of turnover time was'approximately 6.5 days.

Since variations in netplankton and nanoplankton primary production were

. primarily related to variations in chl a, the decrease in netplankton pro-

" ductivity in slope waters probably reflects influences of enviromnmental

factors other than those which directly affect growth, i.e., resuspension
of seed populations, sinking and grazing. The importance of resuspension

and sinking is suggested by the presence of netplankton diatoms in sediments.
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A sample‘was'obtained-during the cruise from'the.surfaée éf a box core
collected from 800 M. A small subsample was inoculated into culture media
‘and.placed‘in_a ;onstant_témperature (16°C)-light iﬁcubator. Wifhin one
. week an extfemely diyerse‘énd dense group of lérge celled and chain;forming
- pelagic diatoms grew ué. ‘
While quite preliminary, this observation»suppérts the hypotheéis that
high and variable rates of diatom production in continental shelf waters
relative to the open ocean is, at least in part, a consequence of the sinking
and dark survival characteristics of diatoms (Malone, in press). The longer
cells remain in'sﬁspension, the greater the probaﬁility that they will be
removed from shelf enviromments. Diatom production is high in ghelf waters
because they teﬁdlto be retained on the shelf due té relatively.high sinking
rates and the sedsonal cycle of thermal stratificétion which restricts diatom
blooms to winter and»early spfing when grazing pressure is low (Malone &

Chervin, ’1979. ; Malone, in press).
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6.0 PAPERS, TALKS AND ABSTRACTS

What follows is an update of the list of‘talks, abstracts ‘and

papers produced and in preparation since the JuiyA1978 Annual Report,
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K.K. Turekian and A.I. Simonov; EPA-600/9-78-038, p. 125-147.
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