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ABSTRACT

This is a report to the Energy Research and Developmeht
Administration on'accomplishments of the Lamont-Doherty
Geologidal Obsefvatory geochemistry and physical oceénography
‘groﬁps Auring.the 1975-1976 funding period on grant E(ll—l)2185!
Our goals are to obtain detailed,vquantitaﬁive knowledge of the
rates of mixing within coastal waters of the New York Biéht and
across the continental slope and ﬁhe exchange of water masses
and species transported within them between shelf and ocean
waters. This research is_aimed at understanding the chemical,
physical and biologiéal proceéses which control the origin,
dispersal and fate of particulate matter, énd to ultimétely
model the impact of energy related pollutants on the continental
shelf.

The iepdrt is divided into f§ur sections that correspond:
to like-numbered sections in the accompanying renéwal proposal:
(1) a general introauction; (2) spfeading of water characteristigs
and speciés in solution; (3) mixing and dispersal of solids and
trace metéls and (4) mixihg of species ac:oss; Within and out of
sediments. Each section has its own introduétory statement
followed by-a report on field work accomplished, analyses done
and results of our findings to-date. While a broad division
within these sections separated physical oceanograpy and
geochemistry we have attempted to show how these two main efforts
ére being integrated to form a comprehensive program to apply to

the problem of understanding the fate of energy-related pollutants.
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Section 5 is a list of papers published, in press or in

- preparation and talks given during the 1975-1976 funding period

that acknowledge the éupport of this ERDA grant. Five appendices
are included: (i) and (ii) are preliminary reports from CONRAD
cruises 19-01 (July 1975) and CONRAD 19—05 (January 1976);

(iii) is thé text of a data report (now in press) on VEMA 32-01
(Qctober 1974) physical oceanography with examples of each of

the data sets; (v) and (vi) are reprints of two papers, both in

press (Limnology & Oceanography), that are an outcome of our

.1975-1976 research effort.
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1.0 INTRODUCTION
1.1 The L-DGO Program of Rescarch in the New York Bight

The geochemistry, physical oceanographyhand marine biology groups at

Lamont share an interest in the mode of operation of continental and coastal

water systems. Our research is aimed at understanding'the processes wvhich

control the transport of dissolvedvand detrital materials through these syspems;

To do this requires the simultaneous study of physical mixing, sediment

dynamics and biological activity. The present research program was begun in

July 1974 as an integrated geochemical-physical oceanographic study of cireulation,
transport and transfer rates in waters of the New York Bight. 1In the coming year
we propose the addition of a small complementary effort in marine biology. Thc
region under 1nvest1gation 1ncludes the Atlantic coastal waters of Long Island

and New Jersey extending seaward across the continental shelf and into the

- waters of the upper continental slope.

The goals of the Lamont-Doherty investigation in this area are:

~ To obtain detailed, quantitative knowledge of ehe rates of miking « «1th1n
coastal waters (1nc1ud1ng the Hudeon Estuary) and across the continental
slope, and the exchange of water masses and'Species transnorted,within
ehem between shelf watere and adjacent ocean water masses.

- By improved, quantitative knowledge of the chemical, physical and
biological processes which control the origin, dispersal ‘and fate of
particulate matter, to understand and ultimately be able to modelithe
impact of energy-related pollutants on the eontinental shelf,

Since the outset of this research, the design of our program has been

within three general guidelines:

(1) To utilize geochemical and Physical oceanographic techniques and

methods (many of them developed by Lamont—Doherty wvorkers in studies
of the deep ocean) which have not previously been employed in

continental shelf studies in order to improve our ability to examine
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complex, short-~term features of stratification and mixing.

(2) To concentrate these techniques and methods to study features of

the circulation on areas not prescently being investigated by other
research groups.

(3) To focus upon processes which control the fluxes of particulate

matter in the water column and in the sediments because
most energy-related nollutants of concern to ERDA and the reonle
of coastal areas are associated Qith particulate »hascs.

Within these guidelines our approach to the problem may be scen in the
organization of this '‘report., viz. first, consideration of techniques designed
to understand processes that control the water column and its properties;
second, techniques designed.to undcrs;and the héhavior of particulate-
associated pollutants; and third,.techniques designed.to uﬁderstaﬁd the role
of the sediments as a sink for pollutants; An overview of this throe—pronﬁod
approach is as follows. | |
| First, the water column:

a. The distribution of temperature, salinity and dissolvad oxygen.

This conventional approach provides the foundation for all other studies. Unless
water masses are identified, verticaly density gradients arc established and the
seasonal variability in these distributions is known there is little chance of
working out. the transport of particles thfough the water column. Through the
use of an STD we are getting a far more detailed plcture of these structures’

than is possible from the traditional Nansen cast approach (discrete temperature

“and salinity data).

1

b, The usec of O 8 as a conservative tracer. The source of the low
salinity components to coastal waters is not well understood. While much comes
from the local rivers it is suspected that major currents coming from the

Laborador Sea muét also contribute. It is essential to sort out the local
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(hence polluted) fresh water component from the northern (hence unpolluted)
8 . :
component. As described below, O1 -S diagrams offer a means to do this.
' 228 <
. ¢. The use of Ra as a natural latteral mixing tracer. The other compo-
nent of shelf water is, of course, the open ocean and it is important to
establish the rate of latteral mixing between coastal waters and those of-
the adjacent open ocean. This process presumably contributes to the
ultimate removal of pollutants from the coastal environment by exchanpge with
‘ 22 ) . :
the open ocean. Ra provides a unique means of getting at this question,
a means which is strengthened by our recent work on its chemical sibling,
226 : . : ‘ 223
Ra . This nuclide has a half life so much greater than that of Ra

(1600 yr vs. 6 yr) that, in the exchange between coastal and open ocean vater,

the former can be considered to be stable. Both are generated within

coastal sediments and diffuse.into the overlying water. The primary

22 . . .
fate of Ra 8 is transport as a dissolved species into the adjacent

open ocean and radioactive decay. An analysis of our success to date in

deriving information from the distribution of these tracers is'sumﬁérized béiow.
d. The useiof Rn222 as a dispersion tracer. The fine-grained sediméng‘

on the shelves is ﬁhe host for reactive pollutants and a potent source of radon

gas. Most of the shelf is covered with coarse-grained sediment. The poclkets

of fine-grained éediment are by comparison quite‘small. We have been  looking

at the relationship between water column distribution of the radon gas enmitted

from these pockets and the geometry of the pockets themselves. In a_seﬁse,

we get a measurement of the dispersion of one week's time (the mean lifetime

of Rn222 atoms) of substances added to the water column from the pockets of

fine—grained material. Combined with estimates of the particulate concentrations

in the water columﬁ and settling rates of these particles it should be possible

to modei the rate at which pérticles ére being carried away from these sites.

As most of the pollutants of concern are borne by these particles, byAmeasuring

radon we Are gaining an insight ‘into pollutant fluxes as weil'és quasi—Lagraqgian

estimates of short-term water mixing,
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Second, the distribution and chemistry of parficles suspended in the'wagcr
column:

a. Besides measurements of the spatial and temporal distribution
of particulate concenfrations, we are attempting to identify particles of
compositions that are useful as tracers of particle dispersql paths. In
this connection, the dump sites for sevage sludge and acid wvaste prdvide an
impoftant point source. Aided by the capability to do semi-quantitative
chemical analyses of individual particles we are seclking to establish
ﬁoVement patterns. Of particular interest in this connection is the role
of thg Hudson canyon as an-outbound conduit for New York area pollutgnts.’
Sediment coring, filtering of discrete water saﬁples; Coulter Counter size-

distributions and in situ light scattering measurements are all comnonents

of the field program.

. . . . . . 137 23¢9

b. The distribution of anthropogenic radionuclides such as Cs , Pu

and 0060 as measured on large quantities of particulate matter filterod from
the water column and on sediment samples provides valuable adjunct tracer
information regarding sediment transport paths and accumulation sites.
We are also attempting to exploit naturally—occurriﬁg nuclides to study
particulates by carrying out field studies of the distributions of two short

: . . . : 2
lived isotopes of thorium generated within the water column. Th 34 is generated

238 ' . . L228

by the U dissolved in coastal waters. It has a 25 day half life. Th is
generated by the Ra 28 dissolved in coastal waters. The daughter-parent
activity ratio in the water column is a measure of the chemical removal rate

constant, i.e.

Adaughter - Aradio
Aradio + XAchem

parent



| 1/5

We have shown from thege measurements that the chemical removal time,rnﬁges
from 1 to 80 days and shows well-defined seasonal cycles and geographic pattefns.

c. Beyond simply determining the bulk removal rates of poilutants, we would
like to determine how this removal is accomplished. How much is due to the
incorporation into living brganisms‘followed by exéretion to the sediment angb
how much is due to inorganic uptake onto the suspended particles? The strong
seasonal dependence of removal time already suggests that the removal is relatéd
to the activity of planktonic organisms,

And third, the sediments as a sink for-pollutanﬁs;

a. Pollutant particles at the sediment-water interface are still potentially
active in the system by resuspension. Therefore, the rate at which sediment
is'mixed downward by benthic mixing is an. important step in nollutant dispersal.
Several_anthropogenié and naturally-occurring radionuclides are available for
studies of these rates.

b. Once mixed or buried downward in the sediment coluinn, some chemicai
specieé are still potentia1ly active by diffusion back into the water column.

In some cases we must understand such fluxes bhack into the water column to
make complete budgéts of pollutaqt behavior but, in the.cases of some
ﬁaturally—occurring radioactive tracers, we must quantitatively know these
fluxes as the source term in modeliing the behavior of these tracers in the
éoastal water system. “

Our field program over the first two years has:been based around the
conduct of seasonal cruises aboard.the major Lamont-Doherty research vessels.

The concept of using large research ships in coastal wdrk is contrary to
tradition and may be explained aé follows: because of the complex stratification

of shelf waters and their rapild seasonal changes and shorter-term

perturbations, work must be done at closely-spaced stations along closely-
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spaced transects in the Shortcst possible time in order to obtaip a quasi-
synoptié'view of‘a significaﬁt area. Furthermore, because of the need for
simultaneous measurements by a vafiety of techniques, a large multidiscipliﬁéry‘
team of scientsits with extensive shipboard laboratory facilities is a-
fundamental requirement. These requirements can only be met by the largest
and most'capable‘of research vessels. Our experience.in this regard is
supported by a recent UNOLS study for future research veséel needs.‘ It may
well be that the tradition of assigning continental shclf research to the
smaller vessels has impeded progress in this area.

In terms of our overall shelf program we afe now>in‘tﬁe poéition of
having collected a large, but as yet incowplete, data set based on a
seasonally;oriented survey of the New York Bight. As suggested'in Tables 1
and 2 we have collected an enormous number of samples, a small portion of
which have been analyzed, and a grecat deal of data ﬁot 2ll of which has bgen,

reduced, much less assimilated.



ERDA RESEARCH CRUISES, NEW YORK BIGHT

VEMA 32 Leg 1

TABLE 1
CAST SUMMARY

CONRAD 19 Leg 1 -

CONRAD 19 Leg 5

CAST TYPE 16 Oct - 31 Oct, 1974. 19 Jul - 4 Aug, 1975 4 Jan - 21 Jan, 1976,  Totals
STD 58 60 81 199
HYDRO - 4 - 4
RADON 35 65 81 181
FILTER 12 2 - 14
 pump 60 121 78 259
NEPHELOMETER 13 38 32 g3
CAMERA 9 14 3 26
SHIPEK GRAB 41 73 80 194
P:sfdm CORE 2 1 5 8
GRAVITY CORE 2 1 9 9
3" SANDERS CORE - .8 - 8
6" SANDERS CORE - 2 - 2
1 PLANKTON TOW - - 13 13

L/t



ERDA RESEARCH CRUISES, NEW YORK BIGHT

SAMPLE AND SHIPBOARD ANALYSIS SUMMARY

VEMA 32 Leg 1

TABLE 2

CONRAD 19 Leg 1

CONRAD 19 Leg 5

SAMPLE TYPE 16 Oct - 31 Oct, 1974 19 Jul - 4 Aug, 1975 4 Jan - 21 Jan, 1976 TOTALS
SALINITY 778 1333 1129 3240
OXYGEN 473 1016 472 1961
PHOSPHATE 82 584 472 1138
SILICATE 82 584 472 1138
NITRATE 82 - - 82
NITRITE 82 - - 82
AMMONIA 82 - - 82
RADON 255 490 627 1372
SUSPENDED PARTICULATES 300 438 551 1289
(FILTER-GRAVIMETRIC) 4

SUSPENDED-PARTICULATES - 505 650 1155

. (SIZE-COULTER COUNTER)

8/1
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1.2 Work Accomplished during the 1975-1976 Period

During the 1975-1976 funding period we made two research cruises on
R/V R. D. CONRAD (see cruise reports, appendices, i, ii). Each cruise
followed the same basic track initiated in our first cruise on R/V VEMA
in October 1974 (appendix»V, Figure 1) i.e. three main transects from the
inner Bight, ﬁormal to the isobaths extending out to the slope to about
the 2600 m isobath. One transect follows the Hudson Shelf.Channel and
Canyon axis and the other two fall on either sidé,of the canyon over a
relatively smooth part of the shelf and slope. A.number of stations were
run across the canyon and shelf channel linking the three main transects.

We have made it a policy to modify our cruise plans wherever our
experience or the results obtained indicates that such changes would
enhance the program. For example, from the October 1974 cruise results
i; was obvious that concentrating stations over a relatively narrow
distance either side of the shelf channel and canyon did not allow us to
adequately contour features of the. water column and sediment distributioﬁ
that appeared to be. related to the geography of the channel/canyon axis.
Consequently on the July 1975 cruise (C0-19-01) seﬁeral stations were
spréad out between the three transécts which resulted in a less-biased
data set (while still revealing several parameters that showed a canyon-
related trendingj. This expanded station coverage on the shelf showed
that in addition to the region of ﬁigh excess-radon along the shelf
channel and canyon related to the areas of sedimentéry fipes-(see
Biscaye and Olson, appendix iv), another excess-radon source was

associated with the "mud-hole" south of Block Island.
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On our January cruise'(CO—l9—05) we therefore occupied a line of
stations eastﬁard to 70°W and were able to delineate this zone and confirm
the source’and the distribution of excess-radon in the water column.

Another change in our field techniques has been to include time-
series STD profiling ih addition to single—-profile stations. This was
first tried in the Juiy cruise where a rather abrupt horizontal change
in the bottom temperature and salinity represented the extent of sloge
water penetrations onto the shelf. This was an attempt to détect
internal éurf activity (see qudon, Amos and Gerard, appendix V). In
Jaquary a more ambitious time-series measurement was made alternating
between two locations over a 25-hour period. Repeated radon, particuiate
and nephelometer casts were made coincident with each STD profile.

With each subsequent-cruise we have been able to increasé the
number qf stations and samples collected (see tébléS“ 1 and 2). This has
been due.to our becoming mare experieﬁced with the special problems of
making frequent shallow stations, producing many samples'for on-board analysis
with :littleé steaming time beﬁween casts.

Starting with the July cruise we initiated a nutrient (silicate and

‘phosphate) sampling program running the samples on board using a Beckman

DU speCtrophotometef. In October 1974 cruise we collected only é few
samplesvfor nﬁtrients fhat were frozen and‘analysed at L-=DGO after'£he
cruise. We reduced the number of bottom photography stations on both
the July and January cfuises to save time as numerous photographs of the

area exist in the archives of various institutionms. Only where special

‘conditions warranted a photographic investigation, i.e. the Hudson Canyon

at our current meter/nephelometer site, were additional pictures taken.
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At the same time we increased the number of nephelometer profiles,Ataking
thém with all night-time and deep STD casts.

A 15-day current meter/ocean Sottom_nephelometer station was made
during July 1975 at the same location as our September-October 1974 series.
Although the currént meter failed to produce useable data the nephelométér
worked well and the data is now being analysed.

A modest biological program was undertaken during the January cruise

con51st1ng of Plankton tows and benthos sampllng from the Shipek grabq

A (see appendix 1i).



2.0 SPREADING OF WATER CHARACTERISTICS AND SPECIES IN'SOLUTION

2.1 General Statement

Wateré of the continental shelf are influenced by strongly contrasting
forces. One side receives fresh river water, concentraged at é number of seg-
,ménts of the coastline, while ét the other; there is interaction witﬁ open
ocean-w;ter of unknown spatial and time characteristics. The surface waters
are subject to dramétiéally_altering'conditions, not just on a seasonal time-

- scale, but even on a daily basis during passage of atmospheric fronts. The
bottoﬁ boundary is highly variable, the continental slope being the greatest
escarpment on the globe. Bottom conditions are further complicated by deep
‘canyons cutting into the continental slope and channels on the shelf floor.
The continental shelf water represents a relatively small volume of sea water
which, because of the Highly variable boundary conditions, possesses high
parameter gradients which are.subject to significanf time variability.

Man naturally conceﬁtrates his interaction with the sea along the shores
and thus impééts directly oﬁ the waters of'the continental shelf. This trend
will‘coptinue as utilization of the shelf waters increases in the coming decades.
The primary increase in usage.will be as waste-disposal sites and sites fdr'
the placement of energy-related systems such as nuclear power plants, pefroleum
refineries orfpetroleum drilling plgtforms. We must know the vigor of the
exchange processes active within the.shelf waters and at-the boundariés to
evaluate the problems stemming from energy—relatéd contaminaqts—;the goal of
our ERDA project. Subtle inter-leaving of‘watér characteristicé{ gradient

changes of temperature and salinity against depth in temperature=salinity
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space, and presently being interpreted as having direct relevance. to our under-
standing of the general ocean spreading of heat and salt. Inspection of

chemical species (as dissolved gases or nutriénts) in the light of STD data is

further enchancing our new-found appreciation of striking'deep-ocean

inhomogeneities.
The STD data set--representative of the. seasons and extending from the

inner shelf, across the shelf break (with some concentration within the

" Hudson Canyon) to the upper continental rise~-enables the Lamont-Doherty team

to inspect the entire system with modern physical oceanographic methods.

The physical oceanographic data set is coupled with geochemical measure-
ments to enhance .the value of each. Thejpfimary tools of éeochemistry wifhin
the Qater coluﬁn are the stable isotopes»of oxygen, 180/16Q{ and thg‘qaturally
occurring radioactive isotopes radon—éZZ”an& Radium 228. To date, we have
obtained STD data‘represenﬁing condition for October 1974, July 1975 and
January 1976.

2.2 Physical Oceanography

The October 1974.data set (V432;01, appendix iii) was presented at the
ASLO meeting, and will be published in the symposia proceedingé (see "New
York Bight Water Stratification—October 1974", appendix v).

Our goals relate to the spatial and time change of.wéter stratification.
The time scales range from "down- to up-trace" (tens of minutes).including
time-series ‘sequence over a tidal period,'to repeat station positions.(weeks),
to inter-éruise comparison (seasonal). The spatlal scale relates to the role

of the Hudson Canyon-channel system to cross-shelf and shelf-break processes.

2.2.1 October 1974 Hydrography
The October 1974 STD traces show the pycnocline (about mid-depth) to

possess numerous temperature-salinity inversions which may be taken as signs
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of isopycnal stirring (Figure 3,-appendix v). If this is the case, such a
process would effectively tfansfer‘water found below the pycnocline over the
inner shelf with water above the pycnocliné over the outer shelf. Tﬁis con-
dition occurs because of the relative,slbpe of isopycnal surfacesito.the
pycnocline brought about by the basic estuary character of shelf stratifications
(Figure 4, appendix v). Pycnocliﬁe transfer processes may also be an effective

mechanism for shelf-slope exchange, as suggested by the seaward extension of

the cold shelf bottom water into the center portion of the pycnocline over

the continentai slope.

The october data set also indicates some interesfing stratification
patterns over the Hudson Canyon. The water characteristics suggest enhanced
landward transfer over the canyon coupled with increased vértical mixiﬁg
(Figures 5 and 6, appendix V). Léndward spreading of sloﬁe water within and
over the canyon (conéistent with the canyon current—meterfrecord; see
appendix iii) may be anvimportant'element in thé role of the canyon to the
overali heat and salt budget of the continental shelf waters.

Another'interesting shelf-slope exchanée process revealed by the STD
traces is the bottom intrusion of warm, saline slépe water, replacing the
cold, shelf bottom water (Figﬁre 7, appendix v). This intrusion may be,
ip part, an abrupt event, perhaps aAfesult of interaction of the internal
tides and the shelf break (Patrie, 1975). The ﬁime—series STD data

collected in January 1976 over the shelf break will be an important data

set in evaluating this hypothesis.

2.2.2 Hydrography of the New York Bight in Summer 1975 and
Winter 1975-1976
The data from both these cruises are still being reduced s0 énly the -

broad results will be summarized here. Analysis of data from the winter
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" cruise is more nearly complete because of our having been able to borrow a

computer/data  acquisition system for the cruise from the University of Rhode

Island. Tﬁe STD syétem functioned well during this cruise, whereas on the
summer cruise problems with the salinity sensor have made data reduction a
more difficult task. 

Tﬁe July-August 1975 surface temperatures ranged from l§°C in the
inner bight south of Long Island to >26°C over the outer shelf and slope
region. Bottom temperatu?eé on the shelf ranged from 10°C in the near-
shore waters down to 5-6°C in the mid-shelf region, and 12°C on the oﬁter
shelf. Surface salinities ranged from <31°/.o at the bight apex to 35.8°/,,
in the slope water south of the Hudson Caﬁyon. The surface salinity front
near the shelf break is more sharﬁly defined during the summer than it is
in Winter, and in July 1975 a tongue of 1ow—sélinity water (v33°/oo0)

extended well over the slope east of the Hudson Canyon. Almost 20 inches

. of rain fell on the New York City area in June and July 1975, compéred to

the»nérmall6.5 inches, and part of this low-salinity surface water may bg_a-
result of the abnormal precipitation and part to remnant spring run-off

water, and subsequént en;rainment_of shelf_water by a large antigyclonic éddy.
Bottom salinities on the shelf were <32°/;° near the bight apex and about
35.5°/,, where the slope water maximum impinges on the shelf landward of the
shelf break.

A stfong pycnocline eiisted over the entire shelf fegion. Slope water,
chéracterized by high temperature and salinity encroaches onto the shelf to
about the 7S—m isobath--in the mid-shelf region--at this season. Shoreward
of this depth, a homogeneous layér of cold, fresh winter water overlies the
shelf beneath the pycnocline, while progressing seaward of the 75-m isobath

a thickening layer of slope water is found. Some very steep salinity and
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temperature gradients were‘found in this region extendiné all the way to

the bottom. At some statioﬁs the temperature increased by 3.5°C ahd.salinity
increased by 1.5°/co in the bottom 15 m. As botﬁ temberature and salinity
increases are mutually offsetting in tﬁeir effects on density, these gradients
do notrepresent a zone of high vertical stability.

At the boundary between the winter-water bottom regime and the in-
trusion of slope water, a 24-profile time-series STD station Qas made
(12 down- and 12 up=traces). Initial analysis of the series does not réveal
any obvious shifting of this bottom "front", but gradients are so steep that
the STD instrumentation has difficulty in resolving structure in thé salinity
record due to thermal-lag problems.

South of the Hudsdn Canyon over the continental slope our southern
transect took us iﬁto an anticyclonic Gulf Stream eddy. The STD préfile near
the center of this eddy was characterized by‘a-350—m thick layer of 15°C,
36.2°/00 watervbeneath a narrow, intense pycnocline (see Gulfstream,

August 1975). The upper water structure on the northern edge of thg eddy
consisted of a series- of interléaving lenses of shelf andvslqpe water types..
One of the reasons for extending our study across the shélf break over the
slope is to see if the frequently occurring -eddies from the Gulf Streaﬁ pro--
vide a mechanism for transfer of oceanic waters onto the shelf.

STD profiles at this season near the shelf break and in the Hudson
Canyon show the most complex water structures that we have seen so far in
thié study. Shelf water, particularly over the.Hudson Channel and Canyon,
extends seaward and forms a temperature and salinity minimum at about 65 m
until it loses its identity by mixing, in this instaqce, with water of the

Gulf Stream eddy.
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Features like the eddy encountered on this cruise are transient during
the two weeks spent on one of our seasonal cruises. The eddy was estimated
to be moving southwest at about 3 km day'1 (Gulfstream, August 1975), so in
terﬁs of preseﬁting a synoptic viéw of the water structure of the shelf/
slope region, the eddy. presents an anomalous situation. However, this
particulér eddy (known as Eddy B; Gulfstream, December 1975) was tracked by
saﬁellite imagery from 31 October 1974 to 3 November 1975, travelling from
south of the Grand Banks tc Cape Hatteras. During the period of our summer
cruiée, it stalled somewhat south of the Hudson Canyon. The satellite
image;y shows continuous entrainmént of a Gulf Stream-slope water mixture
on the western sidé of the eddy--a process thét brings warm salty water
shoreward, possibly onto the shelf. |

The January 1976 cruise took place from 6 January to 23 January 1976.
We had originally intended to make this cruise in mid-February at the height
of the:wintet shelf-regime,'bu; a ship—scheauling change forced us to take the
earlier dates.

Surface témpérature variéd from <6.0°C in the inner bight to 13{5°C:
at bur most seaward station. Boptom temperature on the shelf wa§ <6°C at
the apex to "V14°C where the siope water impinges on the shelf. A large
tongue of warm water extended well'onfo the'inner shelf south of Block
Island. Only along the inner shelf waé thé water column well mixed. At

. mid-shelf locations a” two-layered structure was encountered--a cold,
fresh, mixed surface layer beneath which temperature and salinity increased
sharply, often in the bottom 2-5 m of the.water column. On the outer shelf{
a thin mixed layer occurred above fhe shelf floor. South of Bléck Island,

both temperature and salinity increased from surface to bottom with
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virtually no surface mixed layer. Surface salinity was lowest (31.5°/.,,)
south of Block Island. The slope frqnt meandered shorewards over the Hudson
Canyon, possibly the reﬁnant of an anticyclonic eddy tﬁat was 1asf detected
on December 30, 1975 (Gulfstream, January 1976). Bottom salinities ranged
from <32°/o; where the.salinity maximum is at the bottom at the 150-m
isobath.

A time-series station was taken by makingAalternate STD casts on the
outer shelf at l40—m depth, and on the slape at a depth of 500 m. A total
of five casts (10 STD down—-and up-traces) ét each location over a period
of 25 hours (Figure 1). Simultaneous nephelometer and radon casts were
also made. At both locations, the depth to the pycnocline became shallower
with time and theﬁ deepened again but did not reach its original position
at the end of 25 hours after the first cast. In the slope station, the
T and S profiles changed shape considerably-after the third lowering. The
temperature and salinity maximé virtually disappeared, indicating that the
edge of the front where slope water is at the sgrface had moved inshore
from its origiﬁal iocation. Some difficulties wefe encountéred in holding
station at these locations and some of this change could have been due to
ship's positioning error. We feel that these time-series will be most
valuable in determining the time scales involved in any "spilling' of

slope watef onto the shelf.

2.2.3 Current Measurements in the Hudson Canyon
Two attempts have been made to obtain long-term current measurements
in the Hudson Canyon. .The first, in September and October 1974, resulted

‘in a 53-day record of currents 5 m above the canyon floor at a depth of 827 m.
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The second attempt, in july-Auéust 1975 ét the same 1oéation, failed due to

a current-meter malfunction. (Both arrays included a long-term nephelometer
and produced successful light—scatteripg data throughout the recording pefiods;
see. section 3.2.3.) Results from the September-October record have been
presented at the 7th Annual Long Island Sound Conference in January 1975,

and a paper is now being readied for publication (Amos, Baker & Daubin, in prep.).

We found thaﬁ the mean flow in the canyon was almost due weét at 2.75 cm

seé'l. This direction is.up¥canyon, although not paraliel to the canyon axis
at the array site. The conventional N-S and E-W vector components happen to .
be normal to, and in the direction of, the mean flow. Tﬂis produces some
intergsting results: oscillations of tidal periods are observed in both
coﬁponengs, yet in the E-W (along-canyon) flow the amplituae of the tidal
peaks is much greater than in the cross-canyon flow (Figure 2). The
semidiurnal (M2) period dominates in both direction; however, a diurnal (02)
peak is seen in the spéctrum of the along-canyon component that is completely
. absent in,;he.cross-canyon.direction, while.a foufth—diurnal.peak can be

seen in the cross-canyon spectrum but not in the along-canyon direction
(Figure 3). The slopes of the spectra, toward the high—frequency region,.

are quite different; in the direction of the mean flow there is much more
power in the high—ffequency domain than in the cross-canyon spectrum. The
slopes are approximately -3/2 and -5/2 for along-canyon and cross-canyon,

1 up-~ and down-canyon,

respectively. Peak current vectors are ~30 cm sec”
and. v15 cm sec—l cross-—canyon.

The'mean flow is up-canyon throughout the record. A low-pass filter
applied to the along-canyon component to reject all oscillations with a
period less than 48 hours sﬁows that thié up-canyon flow ﬁndergoes several

~

long-term variations in amplitude. The spectrum shows two peaks at
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Power spectra of currents in the Hudson Canyon.
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approximately 42 hours and 70 hours. The longer of these two periods may be

‘related to storm activity. There is also a much longer period (~200 hours)

that is too long to be adequately resolved as only six of these cycles
occurred. No evidence of thebinertial period (approximately 19 hours at
this latitude) can be seen in either spectrum.

As part of our anélysis of these data, we are comparing the canyon
data with observations made of the tide-at Ambrose Light.during the recording
period, and with meteorological data from land-based stations, to see if there
are any obvious correlations between winds, barometric preésure and the
observed long-period variations in the current fecord.

There is evidence from the September-October record of current and
light—$cattering that sediment is transportea in bofh directions: a scatter
plot of the along-canyon current vectors vs. ligbt—scattering shows "that
the highest light-scattering values occuf during up-canyon flow. In comparing
the band—ﬁassed data in the diurnai and semidiurnal bands from both current
and light-scattering, high 1ight—scatteridg-peaks_in thesé frequency.bands
follow peak down-canyon -currents with a lag time of from one to several hours.
Thus the ebb and flow of tidal currents in the canyon may cause sorting of
sedimentary particles and alternating patterns of up- and down-canyon

sediment transport.



2.3 Geochemistry

2.3.1 6_0184Sa11nity as a Tracer of Water Oripins on the Continental
Shelf

To date, more than 130 samples have been collected -on the threc

N : 18 . | _
-New York Bight cruises for 8 0" analysis. In addition, an almost equal number
have been collected from Georges Bank, South Atlantic Bight, the Hudsen River,
the Delaware River and the Nova Scotia coastal, slope and  Gulf Stream waters.
However, due to some minor but time consuming analvtical problems, only the
river and South Atlantic Bight samples have bheen analyzed. A nearly-complete
overhaul of the MNuclide mass spectrometer is expected to eliminate theszc

anaiytigal problems.
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228 226 :
2.3.2 Ra and Ra as Tracers for Rates of Lateral Water Mixing

228

: : 299
Ra data from cruise VIMA 32-01 indicate that Ra™"

v

diffuses

from the shelf sediments into the overlyinnm shelf water but the mixing tima of.

water within the shelf break is much faster than the mean residence time of

228 228
a

R - in the shelf water (v 0.6 yr) thercfore, Ra ° concentration of the sholf

water between 20 km from the coastline and the shelf break is quite unifornm

n
223

(9 + 1 dpn/100 kg). The shelf water serves as a uniform source of Ra for

the surface slope water and open ocean water. Within our present uncertainty
’)f\

nNnHo
. . L . i . . :
of data, one can consider Ra either as a conservative tracer in surface water
of the shelf and slope or a nonconservative tracer to estimate the horizontal

s 2
eddy diffusion coefficient outside the shelf brealk (> 0.5 x 10 cm' /sec).
| 228

In order to establish the uscfulness of Ra as a tracer for the rate of

.o . 228 ;
lateral water mixing, we need more detailed Ra data across the continental

13

shelf, slope and open ocean along with temperature, salinity and 07 measurecments.
226 .
The Ra concentration in surface. waters on the continental shelf is rather
high (12.3 + 0.9 dpm/100 kg) as compared to that of Atlantic open ocean water
(7.5 dpm/100 kg).

6 2 .
If Ra22) and R32 8 have the same source function from the countinental

226

-

' o . AR 228 AP . :
shelf, one would expect the activity ratio of a / Ra in shelf water

2
equal to the productivity ratio of Ra22'8/Ra2“6 in shelf sediments, i.e. the
activity ratio ATh232 in the sediments at steady state. In fact, the observed
' A, 228

A‘RaZZS/AR;226 raggo of the New York Bight shelf water is about 1.24 + 0.14, and
ATh232/ATh23O'iﬁ Long Island Sound sediment 15'1'25 + 0.05 (Turekian, 1974).
This is a surprising agreement, i.e. the source function of the fwo isotopes
appears to be identical.

By analogy to the Cla/C dating method, one can estimate the average age

of a water mass outside the shelf break by the relationship:
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Where (ARaZZS/ARa226)

shelf
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1)

= 1.24 in the New York Bight shelf. Therefore,

..a slope water Qith (ARa228/ARa226) = 0.62, one calculates an average age of

5.75 years.
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2.3.3 Radon-222 as a Tracer of Water Motions and Mixing
During the October 1974 cruise we measurgd 35 radon profiles

(255 samples); during July 1975, 65 profiles (490 samples) and during Januéry
1976, 81 profiles (627 samples).. The July 1975 and January 1976 analyses
provided much additional detail to the distfibution of radon sources, and to
the spreading of water from the sources.

In summary Ra222 data indicate: (1) the seasonal thermocline acts as a
strong dlffu51on barrier preventing the loss of bottom-derived excoss radon
by evasion across the air-sea interface, i.e. under these circuﬁstancas'tha
system can be considered closed (compare Figs. 4 and 5); (2) pheré exist on
the shelf large geographic variations in excess'radbn concentrations and
standing crops up to the thermocline (Figs. 6 and 7); (3) these local variations
in the water column appear to be related to characteristics of the éediment, i.e.
fine-grained sediments (clays and silts) are a much stronger source of excass
radon than‘coarse, sandy sediments {(compare Figs. 6-8 and 9): (4) the field
observations related to sediment charactgristics wererconfirmed by laboratory
measurements of radon potential source strength on different sediment tynes
(Fig. 10); (5) on the upper continental slope a zone of strong horizontal
mixing exists throughout a water mass on the order of a kilometer thiclk which
- may be important in the exchange of shelf and slopé‘Wdtér;'particplarly via
the Hudson Canyon (Figs. 6-8). |

The important conclusion from the sampling and analysis thus far is that
there are on the continental shelf natural sources of a chemically—inert,
radiocactive tracer the scale ‘length of which.is comparable to important mixing
processes of shelf water. We have medsured‘the distribution of this tracer,
radon-222, during three different seasons (different mixing regimes) and with
sufficient areal and vertical density to have a reasonable basic understanding

of its important sources, scales of transport from thesec sources and the
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boundaries of . the shelf-radon system beyond which certain assumptions do not .
" apply. We thus have a substantial data base on which to begin to model

shelf mixing processes.
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" host of inter-related origins, both natural (biogenic, riverborne; eolian,

3.0 MIXIRC ASD DISPERSAL OF SOLIDS ANh TRACE METALS
3.1 Genefal Statenent

Certain pollutants of anthropogenic oriéin,which are related to
the production or expenditure of encrgy; impinge on the marine environmeint
of the New York Bight as species dissolved or carried in water, c.c. tharmal
pollution from power plants or, in part, carbon dioxide fron thé burning of
fossil fuel. The dispersal of these species is by nrocesses of qdvcction Qﬂd
diffusion which operate on the water column and, at least by implication, have
been gonsidered in Section é.O ahove. A greater variecty of real and notential
energy-related pollutants exist as solids or are introduced to the Mew Yorl Right
as dissolved species but become fquickly adsorhed onto, incorporated or chamically
transformed into solid species.

The chemical reactivity of fine particles and the biological incorroration. of
trace elements into fine particles is generally accepted as a truism. To under-
stand man's impact on the waters of the adjacent continental shelf and in
particular the effect of pollutaﬁts related to his production, transportation and
utilization of various sources of energy, one must be concerned with the origin,

dispersal and fate of suspended particulate matter. Suspended particles have a

resuspended sediments) and anthropogenic (huge quantities of dumped materiéls
including sewage sludge,'dredge spoils, cellar rubble; chemical wastes as well

as air-borne fly ash from adjacent urban areas and from ship and air traffic

across the Bight). This array of particula;e ma;fer includes species which are

in themselves pollutants, those which carry (and are sources of) chemical and
ratioactive pollutants, and those which act as sinks for these pollutants. The
varied sources and roles of spspended particles makes a complex problem of under-
staﬁding their origins, dispersal in the watervgolumn and removal to the sediments,

The problem of resuspension from the sediments raises the level of complexity.
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As described below, we approach the problem from several points of view
and have realistic expectations of being able to make quantitative models of

several aspects of the problem.
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3.2 Suspended Particulates

3.2.1 Concentrations of Suspended Particulate Matter (Filtrétion
and Gravimetric Analysis)

In addition to several tens of filters taken in 1973 and carly

1974, we have data on suspended particulate concentrations throughout the
New York Bight at three different seasons: autumn (October 1974, VEMA 32-01):
summer (July 1975, CONRAD 19—01) and winter (Januafy 1976, CORRAD 19-05) .
Data from the last cruise are not yet cpmpletely reduced. A qualitative
aﬁalysis'indicates that the January results are compatible with conclusions o
'drawn.from the first fwo cruises and incorporated in a paper by Biscaye and
Olsen (in preés; see Appendix IV). The princiral conclusions are: (1)
suspended particulate concentrations decrease seaward in bothlthe surface
.and near-bottom waters. The isopleths of a givcn.concentration, however, are
displaced farfhervoffshore in the néar—bottom watefs than in the surface wvaters
(Figs.‘1—3 Appendix IV); (2) Patchgs of anomalously high concentrations in-
near-bottom waters represent local resuspension of fine;grained sediment
(Figs. 1, 2, 4 Appendix IV). The scale of displacement of these ba;ches'from
their sources (up to tens of kilometers) suggests short residence times for
most éf the particles in thé water column; (3) A zone exists near the bottom
along the upper continental slope from about 1000 to 2000 m iéobath in which
suspended particulate (and excess radon) concentrations are anomalously low
(Figs. 1, 2, 5, 6 Appendix IV). This apparently represents a zone of rapld
horizontal mixing with open oéeanic water: (4) A seasonal thermocline on the
.shelf sharply limits the vertical mixing of particles resuspended frém the
bottom. |

These conclusions represent merely the first analytical cut of the data

and much more remains to be done with data already in hand.
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3.2.2 MNistributions of Suspended Particulate Concentrations by
‘ Nephelometer (Light Scattering) Measurements

Nephelometer profiles were talen during the three seasonal

Bight cruises (V 32-01, autumn 1974; RC 19-01, summer 1975; and RC 19-05,
winter 1976). The vertical profiles were made using the standard Lamont-
Thorndilke photographic nephelometer (Thorndiﬁe, 1275). A 51 day time series
of 1iéht—scattering measurements was made in the Hudsoﬁ Canyon using a modificafion
of this instrument. AThe data obhtained are ir various stages of reduction and
‘analy;is. |

From the data alfeady in hand, a nartial nicture of the compley nature
of the .light scattering on the Bight has begun to emerge.‘lThe picture largaly
substantiates the gross features derived from discretea sample concentration

data (see Appendix IV) but the two sets of data need to be integrated and

discrepancies between them resolved in several particulars.
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3.2.2.1 Light-scattering Measurements in the Hudson Canyon
Two long-term measurements of Light-scattering have been

made in. the Hudson Canyon using a modified Thorndike nephelometer (Thorndika;

- 1975). Details of each mooring are tabulated below.

Record 1. . Record 2

Station Mumber | V-31-0LN-2 © RC-13-0DN-2
Ship : VIEMA - CONRAD
Cruise Leg 31-08 to 32-N1 © 13-06 to 10-01
Latitude 39°29.5'N 39°20.5M
Longitude S 72°17.6'W 72°1.6.5'9
Water Depth - 827 m 822
lleight Above Dotton 9 m ‘ o 15 m

" Date Deployed _ 10272; 02 Sep 74 22367 14 Jul 75
Date Recovered ) 1230Z; 25 Oct 74 09537; 91 Aug 75
Length of Usable.Record - 49 days _ 16 davs
Reéording Interval 30 minutes 15 minutes

Analysis of the data from these two records shows that the average leval of

light—-scattering was log(E/ED) = 1.24 for the September-October record, wharc

% is the exposure density of the scattered light and ED

is the exposure
density of direét light detected through a neutral density attenuator in the
nephelometer. This is equivalent to a suspended particulate concentration of
v 40 ug»l_l if one applies the'relationship derived experimentally in the:
deep sea by Discaye and Eittreim:(1974). The total range of light-scattering
was from log(E/ED) = 0.6 (8 ug lil) to 1.8 (190 ug 1—1) (Fig. 11). Both long
period énd short-period oscillations in light scattering occur throughout both

recording periods. Spectral analysis of both neplelometer records shows

peaks. occurring at the diurnal (Ol) tidal period, and lesser peaks at the.

 semidiurnal (1,) period. 1In the longer record (September—chober 1974) (Fig. 12),
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'ZFigure 11 .
Section:of ocean botton nephelqﬁeter (OBN) record in the Hudson
Canyon duriqg September 1924. .The data are plotted about the ﬁeanA
lipght scattering for tﬁe entire record (left hand scalc). Absélute:'

values are given in the right hand scale.
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a slight peak at 200 hours occurs. When the data are paséed throﬁgh a 48~hoqy
low;pass filter, several long;term fluctuations.are revealed. waever, the
series is pot long enough to resolve their pcribd-aécurately. We feel that
the revelation that light-scattering in fhe Hudson Canyon has a distinct tidatl
signal is a significant finding-thét will help in understanding the mechanisms
contrélling scdinment tranéport in the Canyénland possibly the dispersal of

particulate or particle-bound pollutants.
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3.2,3 Composition of Suspecnded Particles

Knowledge of the concentrations and compositioﬁs of suspended
particles is basic to a quantitative understanding of their role in gfeochemical
cycles and of the processes of their dispersal in the Bight. Several nublications.
present data on concentrations of suspanded particles in waters of various
1oca;ions on the cast coast contirental shelf although these consist of less
dense sampling over a larger area of the shelf or cqually dense sampling of a
different shelf area. Few publications, houvever, pressat data on the
composition of suspended particles and most of those winich do report some
type of bulk analysis of the material.

Particle characteristics reported here are based on morphology and

s

comhined scanning elecctron

>

chemicai composition of discrete parpiclcs using
microscopy (SFH) and energy-dispersive x-ray fluorescence (NDXRF). EDNRF is

a microanalytical tcchniquc in-which the STII electron beam is focuscd on an
individual particle and the elemental composition (for elements of atomic

number 7 > 9)Ais‘determined from characteristic x~rays visually displayed as

pqaks on the energy spectrum in the x-ray analyzer. Athough it is more difficult
to quantify»results from this teéhnique, it has the aanntage that one can
direqtly'observé inter—particlé associations and associations between particle
types and trace elements.

We group suspended particles in the New York Bight into two majof categorics:
biogenic and non-biogenic. Of the biogenic fraction, skeletal debris is easiest
fo identify and is predominately siliceous, consisting primarily of diatoms
with some silicoflagellates.and a few radiolarian fragments. Calcareous
skeletal debris (primarily coccolithophorids) become increasingly more abundant
in the waters near and beyond the shelf break.

Non-skeletal biogenic debris (termed "organic') is much more complicated
& 3

subdivision and includes a wide range of morphologies and elemental compositions.
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Organic matter cam originate from in situ biogenic productivity in surface
waters, and consists of soft bodied plants and animals and their waste and

decay products. Organic particles are also introduced by estuarine runoff:

or dumping of sewage sludges and dredged wastes. There appeaf to be regional“'“~

differences in types of organic matter. Results based on this classification.
are given in Biscaye and Olsen (in press) which is included in this Report

as Appendix IV.
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3.2.4 Suspended Particulate Size Frequency Distributions

Beginning with the July 1975 cruise we began measuring

suspended particulate size distributions in the FNew York Bight.

Particulate éizeldata for represcntative-#reas in the ¥Wew York Dicht during
January 1976 indicate the following: (1) Particles on the order of 1.to 4 un
in diameter pompletely dominate (by number) all areas and at all depths in the
New York Bight; (2)‘Larger particles. (10-50 ym) occur most often in surface waters
and in near-shore waters, especially over coarse-grained bottom sadiment; (3)
Examination under scanning electron microscope (SEM) indicatest that planktoh
account for much of the 10-60 um particles in the surface waters, whereas
individuél mineral grains and organic-clay aggregates comprise the largerv
particles in near—bottom'wateré; (4) Particles in theluudson Canvon Save a
characteristic volume mode in the 7 to 12 um diameter range and S cxamination
indicates clay aggregates are responsible for this mode; (5) Particles southwaét
of #he Hudson Canyon show a éimilar volume mode except in near surface waters
where the:e is relatively more plankton debris; (6) Parficles north of the

|
|
|
\
. : _ |
Hudson Canyon do not show the 7-12 um volume mode, perhaps indicating a
southern overflow of Canyon water.

|



‘levels of Co60 (dump 2) or Cs
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3.3 Radioactive Tracers

3.3.1 "Anthropogenic Nuclides as Tracers of Fine-Grained Sediment
Transport

We have begun to exploit the presence of anthropogenic
radionculides in particulate phases in the Hudson Estuary and adjaceant
coastal waters to describe transpert and accumulation patterns of finc-

grained particulates.

v

I s o 1 134 60 239,24
Our primary effort in exploiting Cs 37, Cs 34, Co’ and Du 37,249

ag tracers
of fine particles up to now has been to map the distribution of these nuclildes

in sediments. We have collected a substantial numbar of corz samples (hoth
gravity and piston cores) and surfacc grab snmples.v Wa have aléo booun to collect

large samples of suspended particles (up to 10-40 grams in the case of the Hndson

Estuary) by using a continuous-flow centrifuge, as well as settling tanks and a

large filtering system.

Analysis of over 50 cores from the Hudson (work done under contract T-2529),
indicate that much of tbis reactor-tagged sediment is accumulating in the inner
harbor area adjacent to New York City.

_— 137 690 134

Preliminary analyses for Cs , Co = and Cs 34 in grab samples taken from

the Bight indicate the presence of fallout Cs137 in nearly all fine particulate
. 60 134
samples but only a few samples contain Co and Cs . Samples from the

137

Bight Apex contain relatively high concentrations of Cs and detectable

134 (sc-150).

To obtain information on the removal, tranSpért and accumulation of
anthropogenic radionuclides in the coastal marine environment, we have also
begun a study of Bafnegat Bay.

A preliminary survey of the areca has been completed and grab samples have

been collected in Oyster Creek, Barnegat Bay and on the shelf near the Barnegat

Bay inlet.
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Both samples from Oyster Creek (Stations 9 and 10) contain anomalously
high Co60 concentrations (approximately 10-30 times the highest value observed

in the Hudson Estuary sediments).
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3.3.2 Anthropogenic Tracers in tho Water Column of the Hew York
Bight: Plutoniun

3, 240 , . .
i concentration is hich at stations beyond the shielf
break and is low at stations inside the breal. In contrast, [Th77"] are quite

uniform at all stations probabl) indicating that plutonium is wmore reonctive
than thorium with ronard to pnrtlculutc uan“c in shelf water. The imnlication
of our present data is that the cohtinental shelf sediments serve as a sini:

for the fallout plutonium which has been deposited both on the continents

and opean oceans.
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3.3.3 Th228 as a Naturally-Occurring Tracer of the Fate of
Heavy Metals ‘

2
Th"23 data from two cruises (VEMA 32-01 and CONRAD 19-01)

228 .
indicate that.the Th““" concentratio of surface water around the coastal areas
decreases toward the shore but it increases drastically within the inner shelf

area (v 20 km from the coast) due partly to: (1) the high production rate of

) 29¢ )
Th"28 by Ra'"'r3 there, and partly to (2) the high concentration of suspended

. . .s . e 228 232
particulate matter which contribute significant Th as well as Th .

»]

. 228 228
The continuously decreasing trend of the Th™""/Ra"""

t

activity ratin toward

the shore even within the inner shelf (Fig. 13) indicates that the aresa of

. .. 228 . Lo \
the highest Th uptake by susnended particulates and living organisms

(mainly phytoplankton) is located within the inner shelf area.
v o e 228 . ,

The model fitting of seasonal variation of Th® concentration in surface
water at the Bight Apex shows that in the winter season the rarticulate uptake

228 . |
of Th by absorntion is the dominant term, but from March to September,

. 223 ' . . . ‘

the biological upntake of Th becomes important. The radioactive decay of

223 .
Th is a minor term by comparison.
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4,0 MIXING OF SPTCIES ACROSS, WITHIN AMD OUT OF SEDIMENTS

4.1 General Statement |

The fate of suspended particulate matter and the non-dissolved pollutant

species assaciated.with them is ultirately deposition in the sediments. This is
true wvhether deposition is within the Bight area of concern to us, vhethor the
particles are carried in the water column to anothar part of the continental
shelf and deposited, or.whether export is dircctly scavard and deposition is in
the deep sea. Sediments are however, only ultimately, a sink for narticles and

associated pollutants because, until buried below the zone of scdiment stirring,

.sediments are susceptible to resuspension. Even after burial, chemical changes

in the pore watef environment can result in disseltuion, cation exchanﬁe or some
other form of remobilization of pollutant species and their diffusion bac!: into
fhe water column.

Consideration of the sediments as an active part of the pollutal-dispersal
system is thus necessar".

During the 1975/1976 funding period work progresses on the B.O.M, (Bdttom
Ocean HMonitor) instrument. Geochemical aspects of the pnrocesses that occur
within thebuppep sediment column or across the sediment-water interface are

described in detail in the accompanying proposal.
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4.2 Tottom Ocean HMonitor (B.0.M.)

The B.0.M. was conceived as a platform mounted on the ncean bottom

on which could be mounted a number of instruments for the loag-term ohservation

and measurement of phenomena at or near the sediment-water interfacc, i.c., in
the benthic boundary layer.
During the present period, twvo complete B.0.!, instruments were fabricatad

consisting of:

- Time Lapse Bottom Camera (capable of 4 menths oncration, 12 frames pev day

- Loang Term Photographic Feplhelometer (capable of 4 months operation with

12 observations per day).

‘—= Current Meter (inclinometer-tvpe with 1 hour sample interval for 4 months.

operation).
Testing was accomplished in shallow water during the sumrer of 1275 in
Gardiner's Bay, Long Island. These developments were in anticipation of use
of the B.0.M. instruments during the winter pefiod with the cooperation of the
NOAA/MESA group;. Unfortunately, the field orerations tentatively rlamed
for the winter period with the NOAA group.could not ba effected. Touech
weather and changes in the budget and the mission of the NOAA project nrecluded
our participation during the winter period. In February 1976 one of the B.0.M.
units was made ready to participate iﬁ the ipter—institutional current meter
test program planned for February—March‘1976 in the waters south of Shinnecoclk
Inlet, Long Island. Our equipment and personnel went aboard R/V. WARFIELD
(operated by Chesapeake Bay Institute) on 2 February 1976. Due to rough
weather on 3 TFebruary, during the attemptéd launch damage occurred to the
B.O.M; and part of the equipment wasileft on the sea floor near fhe current

meter array. Following the accident, plans were made for diver recovery in

late March utilizing an acoustic marker which had been attached to the portion




of the instrument that was inadvertently left on the occan floor. On 15 tarch
workers from DBrool:haven Labs, CRI and Lamont attempted to malie recovery of

the B.0.M., instrumentation. Ilowever, the pinger which had been attached to
the equipmcnﬂ did not appear to be operating and no contact was nossible with'

"

the missing equipment. At the present time we nlan to utilize a side-scan

sonar to scarch the area around one of the marker buoys which remains fron the

original array. Fesults of this scarch should be aveailable early in Anril.

v

The side-scan sonar equipment has been charterad by IJrookhaven Liboratories

in order to attempt recovery of their SPAR-type current meter array which
failed/aﬁd apparently saﬁk late in llarch.

Based upon the experience during the recent launching attemnt, we have
constructed new and stronger fittings for the.tripoﬂ assembly which shonld
prevént breakage due to rough handling in Fﬁfure denloyments of the R.OCL

instruments.
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Appendix 1

CRUISE REPORT | o -

CONRAD Cruise 19 Leg 1 °

Piermont to New York (Brooklyn), 19 July to 4 August 1975

OBJECTIVES

The objectives of this leg were a combinea geochemical-physical
oceanographic study of the hydrography, ﬁixing and sediment disper-
sal processes on the Continental Shelf and Upper Continental Slope ;
in the New York Bight. HaVing done a similar study in October 1974 %
on VEMA 32-01, the objective was to compare the results oﬁ the | |
CONRAD analyses, done under summer hydrographic conditions, with ;
those of the autumn ;egime.

The work is funded'by the Energy Research Development Admin-
istration (ERDA) under-contracf AT (ll—l) 2185 into which the former
contracﬁ AT (11-1) 3132 has been éombined. ERDA's objectives in fund-
ing this work is to understand the disposal paths and the rates at
which the mixing and exchange of water in the Bight takes place,
in which the effects of present and pétential anthropogenic in- ;
fluences - chemical pollutants, solid garbage, thermal plumes, 6il
spills and leaks from drilling operations,etcf - are dispersed and
dilutea. -

The track was laid out to approximate but not duplicate thé oﬂé i
made on VEMA, and consisted roughly of two transverse sections across
the shelf from 25 to 1000 fathoms water depth; roughly three long-

itudinal (parallel to isobath) sections between the transverse sec-

tions; and a number of stations in both the Hudson Shelf Channel and

Hudson Canyon. . ‘ o o f}

DISTRIBUTIONOF THIS DOCUMENT 1S UNLIMITED
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ACCOMPLISHMENTS ' - _-

e

During tﬁe sixteen days at sea Wéiméde seventy-two stations
't which one or more meésuring Instruments or sampling devices
were lowered into the water. Several stations were occupied more
'than once during the leg to.detéfmine vériébility on that time scale,
and a number of stations were reoccupétions of stations made on
VEMA 32-01.

GEOCHEMICAL PROGRAM

The geochemical program was-divided roughly into two aspects:
1. Work.involving pérticulate matter both as suspendedb
particulates and as bottom sediments, and
i 2. collection of samples fbr;analysis (on board
and at Lamogt—Doherty Geological Observatory)

of naturally occurring radioactive species to

measure mixing. , g T -
We accomplished thé following: 1 six inch diameter Sanders Core
i ( S6C~1). This coring devicé'is‘a scale-up of one used last October
on VEMA and retainé the esséntial feature that water above the sedi-
ment - water interface is retained intact in the upper portion of
the core liner. The pufpose of.these cores is to recover in as un-
disturbed a condition as possible é sample of the uppérmost surfsce
sediment and the water bverlying.it for diffuéion studies. the major
problem with this~cdring rig at this stage in its evolution was that,
because its}fingers deepiy séoréd the edges of the core as it pene-
trated, £he core catcher ﬁad to be omitted. This caused involuntary
~ extrusion of the core énd its loss into the water as soon as the
boﬁtom of the fbur foot: long core bérrel was raised above the air-

'sea interface. After some experimentation a collar and flap was de-

'signed to slide down the core tube and rotate across the cutting.




. -3-

edge to close off the cofe. This operation however, had to be done
manually which meant that someone héd to go into the water to re-

lease'the collar and flap, slide itvdown the core barrel and close

the flap. Wlth some dlfflculty this opcraLlon is p0551ble durlng July
but must clearly be. modlfled ‘for the next crulse in January.

One corec .was successfully taken using this rig and, in an un-
wise concession to tiie difficﬁlties of extruding such a core in a
vertical éosition,‘the‘cutting head was omitted on the second tfy
and the .core liner and valye were sucked out of the core barrel by
the friction of pull-out from the‘sediment and were lost. -

8 three inch diameter Sanders Cores (S3C-1 through S3C-8).
The same principle as that described above except that no problens
of involuntary extrusion‘wére:encountered. A semi~circular metal
flange hqwéver, had to be.welded to the dutside of the core barrel
to reduce the possibility of ovéréénetration. This happened twice
in very soft sediment and drove sediment up through the valve at
the top of'the liner. .

74 Shipek Grab Samples (numbers SG150° through 5G223) . These ;
are :surface sediment grabs. - - S _ ‘ i S i

65 30 liter Niskin bottle casts (RN 50 through ﬁN lii), usually
éonsisting of eight bottles. on the hydrowire. The following analyses
were done on thesé samples: salinity, dissolved oxygen (top and
bottom bottles in each'cast), excess radon, turbidity-(Hach £urbi—
dimeter), size frequency distfibution of particulates by'Coulter
Counter, and water was filtered on to'pre—weighed Nuclepore filters
for gravimetric analysis of particulate concentrations. The filters
will also.be analyzed fdr'mineralogy by X-ray diffraction and by
}combinedﬂscanning electron microscope - energy dispersion X-ray

fluorescent for particulate compositions.
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lAStation (F~14) at which only one 30 liter Niskin was taken

EX

for the particulates work and not for radon.

63 stations at_which the major nutrients silicate, nitrate

and phosphate and dissolved oxygen were: analyzed on all water samples

taken as}calibration for the STD. A total of 664 analyses of each
of the threé nutrienfs‘ana 1030 analyées.of dissolved oxygen were
made. |

62 stations ét which 122 large volume ( 200 gallon) samples
of water were taken from fhe.surface down to 55 meter depth by

lowering a submersible pump. These samples were numbered P-41

through P-162 in the log. These’samplesAwere chemically treated
for the removal of radium and thorium-228 which wili be analyzed
in the laboratory. The water ffoh 34 of these samples was filtered
for discrimination between the concentration of these iggtopes in
the dissoived versus the ‘particulate phases.'

35 stations at which at least one sample of water was taken
from the 1.7 L STD calibfation.bottles for analysis‘of oxXygen iso-
"tope ratios. 130 such samples were taken.

24 stations at which at least one sample of water was taken
from the lf7L STD éalibfatioﬁvbottles for analysis of dissolved

methane. 59 such samples were taken.

PHYSICAL OCEANOGRAPHY PROGRAM

The physical oceanography program consisted of the following
measurements:

l. Continuous surface-to-bottom STD program: salinity and

temperature profiles using‘a PLesSey model 9040 STD sensor.

2. Watexr sampling program:

1.7 i. sea watexr samples collected by a General Oceanics



Rosette sampler in conjunction with the STD. These samples were
routinely analyzed for salinity using a guildline Instruments
model 8400 salinometer. The salinity samples were used to define

maxima and minima indicated by the STD and to calibrate the STD

in-situ. Dissolved oxygen analyses were run on board from all

Rosette samples by the Geochemistry group.using the Carpenter
method and nutrient determinations were made on all samples

(see Geochemistfy Section). Hence the sampling'iﬁterval chosen
for the twelve béttles'on the Roéette‘was determined by the re-
quirements of.adequately desc;ibing the 0, and nutrienttchémis%§y
distfibution,-calibratiné the STb énd verif?ing invefsions'found

in the water column..

3. Thermometry program; Six of the twelve Rosette bottles
had frames for holding reversing thermometers. In conjunction with
the salinity samples, the thermometry provided us with backFup

hydrographic data that would be usable in lieu of the STD data .

‘should a‘major STD malfunction occur. Additionally the protected

and unprotected thermometer data will be used to calibrate the STD
temperature and depth sensors.

4. Surface temperature and salinity program: Continuous

underway records of sea-surface temperature, air temperdture and
relative humidity were made throughout the cruise and underway
surface samples were collected at . 2 N.M. intervals and analyzed'
for salinity on board.

5. Bottom photography/nephelometry program: Two LDGO nephelo-

meters were used - one that was attached to the STD wire just above

the STD sensbr, and the other in a normal camera/nephelometer con-




figuration. Due to the shallow water throughout much of the area,

shallow nephelometry had to be restricted to the nighttime hours.

6. . Long—-term current measurements and nephelometry;A current
meter/nephelometer package which was deployed on the previous leg’
of CONRAD in the Hudson Canyon was recovered successfully durlng the
present leg. Analy51s of the data is now underway at Lamont Doherty
Geological Observatory.

The following tale summarizes the nﬁmber of stations and sam-

ples collected for the physical oceanography program durihg the

cruise.
Prooram ‘ - Station Numbers Number of Stations,
) : . Samples
STD stations o 381-444 64
Salinity samples » ‘ ) - 1180
Surface salinity samples . CL ‘ 138
Nephelometer stations ’ 1 - 38 38
camera stations’ 1 - 14 14
1030

PERSONNEL
The following personnel comprised the scientific party on RC 19—01:

Geochemistry . | . Physical Oceanography

Pierre Blscaye (Co- Chlef Sc1entlst) Anthony Amos (Co- Chief Sc1ent1st)

Bruce Deck - Ted Baker

Herb Feely S ' - Kathy Cooke

Marty Friedmann A . Scott Daubin

Adele Hanley o ' Gene Molinelli

Cathy Haward : - , : Jan Szelag

David Hadko . _

Carolyn Kent o ' ' Other

Bruce Markwalter o

Guy Mathieu - : Al Hagan (Core Bos'n)"
Curt Olsen o ' : Matt Bye (Core Crew)

Mike Prokopchak . ‘ Jim Williar (ET)
Rob Togweiller : '
Tom Torgerson
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PRELIMINARY CRUISE REPORT - 1.

R/V CONRAD CRUISE 19 LEG 5

NEW YORK - NEW YORK
CRUISE TRACK '
CONRAD 19 leg 5 departed Brooklyn Navy Yard at 1430 EST,

4 January 1974 and returned to Brooklyn Navy Yard at 0919 EST
21 January 1976. This cruise was the third in a series:of four"
proposed seasonal .investigations into the physical oceanography
and geochemlstry of the New. York Bight region supported by ERDA
contract AT 2185. The cruise track (Flgure.l) consisted of
transects normal to the isonaths, from the inner continentafq
shelf, across the shelf-break and the slope to the 1500 fm. line.
Another transect followed the axis of the Hudson Submarine Channel
4belta"'area and Canyon.

Many of the stations along these transects were reoccupations
of stations run on the previous:two cruises (VEMA 32 leg 1:
October 1974 and CONRAD 19-1eg 1: July and August 1975). An
additional line of stations was run along the shelf from west-to-
east to.examine the region of sediﬁentary fines (the "mud—nole")‘
located south of Block I. An unscheduled stop was made at the'
University of Rhode Island's Narragansett marine facility to pick
up a data logging system for the STD to replace our own system

which was delayed in transit between Argentina and Lamont.

STATION WORK

During the 17-day leg, a total of 100 ship's stations were

_occupled on which 382 separate over-the-side operatlons were made,

The station breakdown is glven in Table 1 along with totals from

the two previous cruises.
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- LAMONT-DOHERTY GEOLOPICAL OBSERVATORY o
of COLUMBIA UVIV[RSITY ) '
Palisades, N. Y. 10964 : '

STATION SUMMARY Al

o VEMA 32 Leg 1 CONRAD 19 Leg 1 CONRAD 19 Leg 5 . .
STATION TYPE 16 Oct —'31 Oct, 1974 19 Jul - 4 Aug, 1975 4 Jan - 21 Jan, 1976 Totals
stp  sg o 60 o 81 199
HYDRO . o 4 o o 4

- RADON : i’ .351 ' 65 . , 81 : 181
FILTER o | 12 - ‘ - 2 '.: o 14

~ puMp - B 60 | | N 121 R | 78 259

A_NEPHELOMEIER 13 ‘ 38.' B 32 | 83
CAMERA - ',': 9 o , 12 ) o 3 ._‘ 26
SHIPEK GRAB 41 , - N 73 . | 80 . o 194
CORE A ' 5 3 ' - 1 ) ' s 8
GRAVITY CORE A : - : 9 9 .
3" SANDERS CORE S 8 . | : 8

6" SANDERS CORE | 2 o | - 2
PLANKTON TOW o o ] 13 13
TOTALS - 230 . 388 ] 382 1 1000

TABLE 1




The tdtals for'the‘various séméles,collected on each statioﬁ
aregiven in Table 2 with the#breVious two cruise totals included
for compafison.- :

The general upward progreséion in numbers of stations taken
and sampies collected are indicative of the increasing efficienc?
of the shipboard team carrying out'these New York Bight cruises.
Our work oﬁtput could have been even higher had we not had some

long periods when bad weather prevented over-the-side activities.

UNDERWAY MEASUREMENTS

Continuous underway sea surface temperature, air temperature
and dew-point records were kept. The standard 3.5”KHz and 12 KHz
PDR records were maintained throughout but no gravity, seismic
or magnetometer data were collected. For part of the cruise the
lZ—éhannel course, speed recorder was kept running to Taid in the
navigation but ﬁhis malfunctioned and its use was discontinued.
Navigation was accomplished using the Magnavox satellite system
and Loran-C provided good back-up fixes during this near-coastal

cruise.

PROGRAM DESCRIPTIONS

Physical Oceahoéraphy
STD |

Two STD underwater sensors Were used: (1) the original ‘Lamont
(Bissett-Berman, now Plessey) Model 9006 fish (first used in July
1964), modified:to accept . . .:v a 1500 m depth sensor and to mate

with a General Oceanics Rosette sampler; (2) a Plessey Model 9040



' SAMPLE SUMMARY

LAMONT-DOHERTY GEOLOGICAL OBSERVATORY

. VEMA 32 Leg 1
16 Oct - 31 Oct, 1974

of COLUMBIA UNIVERSITY
Palisades, N. Y. 10964

CONRAD 19 Leg 1

CONRAD 19 Leg 5

TABLE 2

SAMPLE. SUMMARY 19 Jul - 4 Aug, 1975 4 Jan - 21 Jan, 1976 |. Totals
. SALINITY 778 1333 1129 3240
. OXYGEN 473 1016 472 1961 |
 PHOSPHATE ° 82 - 584 472 11385;
SILICATE %\ 82 584 472 1138
_ NITRATE 82 - - 82-
'; NITRiTE 82 - - 82
AMMONIA 82 B - 82
. RADON. ‘255“'. 490 627 1372
PARTICULATES 300 . 438 551 1289
'COULTER COUNTER - 500 600 1100
TOTALS 2216 4945 4323

g
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fish (first Qsed in July 1967) with a 7000 m. depth senéor £hdt
wevhave used in most. of ouf deép‘ocean wofk_at Lamont. The data
was récorded on an Xl, X2, Y recorder (also 1964 vintage) and
after January 7 on URI's data 1oggiﬁg system that consists of a
digitizer, a NOVA 1200 central processing uﬂit with LINC tape‘

drives, a teletype,{a 9-track Kennedy digital tape recorder and a
Houston Instruments plotter. ) |
At each station, the STD/Rosette sampler was lowered to

within.a meter or two above the‘ocean floor (using a pinger) at

a rate that varied from 10 fm/min in the high—gradient'upper
Qater layers to 40 fm/min below the thermocline. VFrom five to
twelve Rosette bottles (alternate bottles having three.reversing
thermometérs attached)‘were tripped during the descent (downtrace)
of the STD. Thése samples'had two main usés (1) to calibrate the
STD'sensors, (2) to p;ovide adequate coverage of the water—column‘
for analysis of dissolved oxygen and the nutrients,'silicate and.
phosphate. A full déécription éf'the STD techniques used is
given in Amos (1973). A total of 81 successful stations were
taken..» ‘Of these, 32 .will have to be digitized froﬁ the analog .
records. Thé rest are available on digital magnetic tape.from
the URI system. It was intgnded to use the shallow STD (to
increase depth resolution) on all shelf stations but a mal-
function of the depth sensor forced us to use the 7000 m.

sensor. throughout most of the cruise. For some stations without

digital recording, depth resolution will be very poor.
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A time series of STD/radon measurements was made ovefya.25—hour

" period in an attempt to see if internal surfs (Gofdon et al, 1975)

are important mechanisms in the exchange of waters ovef the shelf
break. STD lowerings followed by radon casts were made alternately
at the 70 fm. isobath on the outer shelf and the 300 fm isobath

on the slepe. Five stations of each kind were made at each

location.

Time-Series Station

To enhance the quality of the time-series STD data lowering
and raising speed of the instrument was maintained at exactly
10 fm/min throughout the entire water column. Preliminary analysis

of the vertical temperature and salinity profiles shows that large

~amplitude internal waves are present although their period is not

known at this wfiting. In the Shallow station the depth of the
pycnocline varied from 40 m to 75 m over 25 hours. The pycnocline
was deepest at the first statioh, then became progressively.
shallower for the next two stations. The fourth‘station'in the
sefies showed a striking two—iayered pycnocline with steep )
gradients at 30 m and 60 m. The final shallow station'sApycno—
cline was intermediate between the two-layered structure ef the
foureh profile and the steep'pndeelinevof the first profile.

The interpretation of these results will have to wait until a
complete analyses of the data is completed.

At.the deep station the profiles were of two types. The
first two stations had a 65 m mixed layer with a 15 m. pycno-
cline and the last three stationsvwere more typical of the slope-
weter regime with a 120 m mixed layer and a very weak pycnocline.
This may have been due fo the shifting of the shelf-break front
during the:25 hour study or, as positioﬁing of the ship wae
difficult in the weather conditiohs'encquntered, some spatial

changes may be responsible fdr the apparent ' change with time.



lPreliminarg Results

Generally the STD's_behaQed well, with ho noise, épiking,
shifting of output or.lérge offset problems (Amos, 1973) occurring.
Our STD equipment is however gettiﬁg old (probably the oldest
surviving equipment of this type in the oceanographic community)
and newer, state-of-the-art CTD equipmént is now available that
greatly -improves the problemsAassociated with mismatched time
constants, lowering rates and ships motion that contribute to
salinity errors. While some coastal oceanographers feel that
great accuracy is not essential in regions where large time-
dependent changes occur, we feel that it is paramount to main-
tain as high quality hydrographic data as possible to fully
understand the dynamics of shelf processes. The addition of a
computer /plotter system enabled us to examine on a variety of
scales, the water structure immédiately after each station,
ailowing judgements to be made_bn the location of the next
station, and ‘an understanding of the hydrography just not

possible with our older system.

The January conditions on the shelf were surprisingly variable
surface-to-bottom, and except on the inner shelf, thorough mixing
of the shelf waters had not yet occurred. The stratificafion was
gene;ally two-layered: colder,zfresh éurface water separated from
warmer, saltier bottom water by a strong thermocline and halo-
cline. As the temperature and salinity increases were mﬁtually
offsetting, aensity—wisé,'the resultant pycnocline was not as

strong as at other seasons. Some large density inversion were



noted that may be real or may be eliminated after the data has
undergone correction fér the time-lag errors. Surface tempefatures
varied from 6°C on the inner shelf to 14°C over the slope. A
thermal froﬁt was located shoreward of the shelf bréak. The mixed
layer varied from 30‘m on the inner shelf to 70 m on the outer
shelf and 150 m in the slope Qater. Bottom temperature on the
shelf ranged from 6°C (near Bight apex) to 13°C. A large intrusion
of warm, saltier water was found over much of the centered

Eastern Shelf penetrating as far as the Biock chaﬁnel. In deeper
water on the outer shelf ana shelf-break a tempepature makimum?of
approximately 15°C occufred at approximately 100 m. -In the slope -
water, this maximum disappeared.

Salinity mirrored temperature over most of the area: low
values of <32% at the surface were only found in the eastern part
of the inner shelf while the 35.O°/°° isohaline occurring well
to the shoreward side of the shelf break.A»Ah isolated lens of

>34.0°/00 Water was centered over the Hudson Canyon head.

Bottom salinity ranged from 32°/eo on the inner shelf but the
33°/ 0o isohaline was much closer to the shore on the eastern
shelf‘corresponding'to the high bottom temperatures found there.

The salinity maximum of 35.6°/co impinged on the bottom shoreward

of the shelf break‘up into the Hudson cén?on.
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Rosette Water Sampliné Program
Saiinity |

A total of 1200 salinity samples were ruﬁ on a Guildline
Autosal salinometer. Salinities were run on'all Rosette samples
and on ali 30 liter Radon saﬁples éollected to provide information
on possible.pre—tripping 6r leaky bottles. .The salinometer
functioned very well during the cruise, exhibiting an extremely
low drift rate. Two pressure pumps ﬁalfunctioned and had to be
repaired. 4The sample holding table remains a weak<point in the
design of this instrument.
| DiSSolved Oxygen %nd Nutfienﬁs

Dissolved oxygen, silicate, and phosphate wefe analysed for

each of the rosette bottles tripped on the STD cast., The sample

for- oxygen was drawn by overflow immediately into 300 ml BOD bottles

after recoﬁery of the STD. The samples for nutrients were drawn
following this into 125 ml plastic bdttles, The oxygen samples
were processed by the modified Winkler procedure as described in
"The Marine Techﬁicians Handbodk"'with the following'modifications:
1.5 ml of each of the piékling reagents were used for the 300 ml
size bottles and the ¢oncentrétions of the standard and thiosﬁlfate
solutions were doubled, Sténdafds were run in duﬁlicate or until
.5% agreement at least twice daily. The shelf samples in the mixed
zoné were. found to be neafly uniform and near éaturation»values

of dissolved oxygen. A mid-depth oxygen minimum was observed as

in previous cruises as was the high oxygen water beneath this.
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Nutrient samples were allowed to warm in the'plastic bottles
for between 1/2 to 4 hours before analysis was made“j The prbcedures
used were thoseof Strickland and Parsons (1968) for molybdate.
reactive Silicate and Phosphate. Operating equipment and procedures
were previously tested on the CONRAD l8—Ol”and 19-01 cruises, .
Expected accufacy is on the order of 2-4%. Most of the data has
not been evaluated but some general observations can be méde.
Surface values of phosphate were generally higher than thoseof the
summef and at no time 4id we find total depletion as observed then,
Surface silicate values»were also higher than thoseof the summer

-and also were very uniform. in areal distribution.

Weather Observations

'Air temperature and dew point sensors were located in a
weather station mounted on the 02 level of the CONRAD. A sea-
surface temperature sensor was towed between all stations except
near the end of the cruise when the probe became enﬁangled in the
ship's propellors and was 1os£.~ All three parameters were
recorded on a continuoﬁs’strip chéft throughout the cruise. Un-
fortunately, the pre-set ranges of the recording equipment had a
lower limit of -2°C and air‘temperatures and dew points below
-2°C could not be recorded. During the cruise the air temperature
was freqﬁently below -2°C and the dew-point was mostly'below -2°C.

Standard weather observations were méde at each STD station.

Continuous barometer records were maintained throughout the cruise.
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Geochemistry

Radon

A total of 81 radon profiles (627 samples) were taken during
R/V CONRAD 19-05. Most profiles éonsisted of 8 samples}-most of
them taken in the radon excess zone near tﬁe bottom of the océén.
The greate§ number of samples taken than during any previous
cruises is due to two factors: all radon analyses were done by
the newer charcoal method aﬁd.all radon extraction boards had
been made identicai for ﬁhis cruise. It has been our constant
intention to standardize and simplify as much as possible the
.radon analyses. '

Immediately upon the return of~the Niskin bottles to the
deck, 19 liter water samples‘were draWn irnto evacuated flint
glass bottles. In deep water, millipore filter holders were
inserted between the Niskin bottles and the flint glass bottles.
In shallow, more turbid water, no filter holdefs were insérted.
The radon. extraction was performed 8 samples at a ﬁime. The total
time involved for extraction,'purification andltransfer to
counfing chambers of the radon wéé about 2 hours per 8 samples.
The counting time was a minimum of 2 hours, depending on radon
content and avaiiability of'counting time.

| A total of 37 samples were acidified and kept for ulterior

Ra226 analyses.
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Pump Stations

A total of 78 pump stations were ogcupied during the
cruise of R/V CONRAD 4-21 January 1976. The purpose of the
sampling program was to collect large volume seawater samples for
the analysis of radioisotopes. ‘As part bf a continuing program
of the geochemistry Section,'it is believed that radioisotope
concentrations can provide information concerning the fate of
pollutant metals iﬁ the New York Bight'and.concerning rates of
mixing of shelf and slope waters. '

Surface water samples were collected with a Jabsco

4pump mounted on the deck of the ship.” Subsurface samples were

collected by lowering a submersible pump. The maximum.depth to
which the pump could be lowered was 100 m. ' Subsurface samples
were collected when the STD inaicated that different water types
could be reached with the pump.

In an effort to aetermine the amount of radioisotopes
in the particulate matter, about one-half of the samples were
filtered before anaiysis; Water.thch was to be filtered was
pumped into four 200 1 tanks. . The water was fed from these
holding tanks through a largé diaﬁeter filtering device into the
processing tank. The water in the processing tanks was then
treated to concentrate the radioisotopes into a small volume
which could be returﬁed to the labofatory for further analysis.

Samples which were not to be filtered were pumped directly into

the processing tanks. Radioisotopes which were collected in this

manner included Th-228, Ra-228, Cs-137, Pu-239, Pb-210 and Po-210.
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Particulates
Turb_i‘do'meter, Filter and Céulter Counter

In addition to the in EiEE measurement of particulate con-
centration as obtaifhed with éhe Nephelometer three other methods
were utilized to determihe'the‘amount, composition, and size
distribution of suspended particulate material. The first method
was the determination of optical density with a Hach Turbidometer
and served as the only immediate iﬁdication'of particulate con-
centrators."on.board. Samples for this determination were drawn
in triplicate immediately after the radon sampling had been com-
 §leted. These.were'then disPersed_with 5 seconds of ultrasonic
vibration aﬁd measured. The second method used was the relative
size range determinations on the Coulter qounter. Samples for
Coulter determination were drawn after the radon sample and in
most cases processed within.l hour of sampling. We have made
sforage testswhich have shown little significant change in the
size and distribution of_sampiés stored cold up to 12 hours. The
thira method, and the one which yields data on particulate mass
and éomposition is the direct concentration of the particulates
by filtering through 0.4 micron nucleopore filters in 47 mm
"in line" holders. For the near shore samples approximately
10 1 of water or less was filtered, in deeper stations additional
water was filtered by drawing the radon samples through the
filters. The majority of filters were preweighed and blanks were

run. In addition to the measurement of total particulate mass
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the filters will be sectioned and analysed on an electron microscope
' equipped with an EDAX (X-ray) system to allow qualitativé determinatiohs
of the elemental compositioﬁ. Results from our previous shelf cruises
show the impact of human activities in the near shore zone as
demonstrated by particies enriched in iron;.zinc, titanium, ana
other trace metals. Results from all three types of particulate
measurements generally show the marked differences between particulate
rich shelf waters and relatively clean slope waters.. Also of note
is the local concentration of turbid water associated with the
Hudson Canyon and Channel.
Nephelometer/Camera
Thirty-two nephelometer stations were made, 25 of these with
the wire -acounted nephelometer and 3 with the standard nephelometer/
camera instrument. During this cruise lesé_emphasis was but on the
caméra woik than on the two previous cruises as it was felt thét
sufficient camera stations have been taken in the area already.
The nephelometer was placea on the wire as close to the STD
as the weather conditions would permit. Those stations whe;e'the
URI logging system was uséd to record thevSTD data have the advantage
of a con;inuous teletype record of time versus STD depth. This will
enable an accuratecorrellation to be made between rise time and the
. nephelometer record to obtain a good nephels v/s depth profile.
Although many of the stations were very shallow we expect to get
a good percentage of uasable nephelometer data on the shélf aé
all these stations were taken at night. Most of the shallow

stations show the expectedly very turbid water on the shelf and in
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_the surface waters elsewhere. Horizontal stratification was

visible on- several stations-but we will have to wait forﬂiinalﬁwﬁﬁ
data analysis before we can. see how these layeré.mey correlate

with the hydrographic data. Nephelometer stations were run on

most of the time-series STD casts to examine the time-dependability

of particulate distribution at the shelf break.

Sediments

The sediment sampling ptogram on CONRAD' 19-05 Qas planned
aSSuming that poor weather and lack of time would limit the type
and number of samples collected As a result the Sandets 3" and
6" gravity corer was not used and a smaller 2- 1/2" gravity corer

was employed. A large box corer was tried early in the cruise ut

o

this program was abandoned due to the extensive time required to
take a core and its malfunctioning due to design problems, 1In
totel nine gravity cores and five piston cores were taken. These
cores were taken predominately in the Hudson Channel and Canyon -
regions. Sediment surface samples over the broad area were also
collected for the purpose of establlshlng the radon source function,
distribution of sedlment type and compOSLtlons, and trace metal
concentrations. Shipek grab samples were taken at almost every
station, usually in duplicate, Following'sieving to determine
percent fines and subsectlonlng'lnto radon kettles the samples were
transferred to plastic containers for further analysis at the

laboratory.

e o———— 5 ot et e oot e e
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Biological Oceanography

Plankton

The surface waters of the continental slope, in the New York
Bight, were sampled with a large (1m2) plankton net. A" total o£
13 plankton tow samples were collected on cruise CONRAD 19-05.
(Bee Table 1). Six stations were sampled where the water depths
were greater than 200 fathoms. At each station, two plankton tows
were taken.‘ Cf these two tows, one was directly-preserved in fivé
perceﬁt buffered formaliﬁ, the other was frozen with no preservatives
added. In addition to the plankton tow samples, an 018 water sample
.was collected and preserved in mercuric chloride (chlz), and a
surface water temberature measurement was recorded using a bucket

thermometer and STD information.

Benthos

Fifty-one stations were qualitatively sampled for macrofaunal
and meiofaunal organisms using a shipek grab sampler. After sub-
sampling the grab samplg for seaiment'fine-fraction analyses, the
excess sediment sample. was prepared and preserved apprOpriaﬂely
for qualitative énalyses on the macrofaunal and meiofaunal groups.
Samples from 29 stations were collected for study on the meiofaunal
organisms (See Table 2). The macfofauna station samples were di-
rectly preserved in five percent buffered formalin. Invfive of
thése stations, the-sediment was washed and sieved throggh a
149 micron sieve to reduce the bulk sediment volume. In the 29

meiofauna samples, the meiofauna were extracted from the sediment




TABLE 3

.

S

LOCATIONS AT WHICH SURFACE PLANKTON
- TOWS WERE COLLECTED ON RC 19-05
‘ Plankton Median Position Duration Type of
-St-*ion # | tow # ' ; r];,;i'to\l preservation .
| No
114 1 1399 18,4 °N 82 Frozen
' 72 002 %W l
114 2 390 1647°N I 55 Formalin
719 02,9 °W |
124 3 392 0061°N 60 Formalin
A 727 14,6
124 4 398 0061°N 80 Frozen
72" 1L.6%
125 5 388 b5,7°'N 60 Formslin
71° 57,200 )
* .
i25 & 380'45;6°N 60 Frozen
71° 57.1°
12¢ 7 75 Frozen
159 8 398 343N Lsg Formalin
717 57.6°%
159 9 392 33.5°N 60 Frozen
71° 58, Low
163 10 390 33¢6°N 50 - Formalin
S - 717 57.9°W '
163 11 ' 392 33,1°N 35 Frozen
. 71° Bhokow
164 12 399 27.9°N 60 ~ Formalin
22°% 14,7 '
164 13 392 26,6°N 55 Frozen
72 1&’09'”
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- o GRAB SAMPLES'WER& COLLECTED FOR
| * MACROFAUNAL AND MEIOFAUNAL ORGANISHS

ON RC 19-05

Meiofauna Sample Stations

(29)

Macrofauna Sample Staticns

(26)

105,

14,
143,

147,

133,
149,

87,
104,
129,
102,
96,
86%,

# 149 micron sieved to reduce sediment

154, 122,

145, 135,
146, 79,

141, 139, .

132, 134,
169, 167,

94, 136,

97, 169,
103, 165,
140, 92,
127, 8L,

volume

142,
137,

96,

1)*\‘0 [
170,
150,

935

152,
128,
128,
90%,

TABL% 4 STATIOND AT WdICH QUALITATIVD SHIPAK

99,
130,
129,

131,
148,

101,
166,
167,

153,
B5*

19.




20.

using the anaesthetization technique of Hulings and Gray (1971).
This technique basically inVolves anaesthetizing the organisms

with a magnesiﬁm chloride solution (Mgclz), pouriﬁg the supernatant
containing the meiofauna through a 62 micron sieve to retain the
organisms, and finally preserving the retained meiofauna in five

percent buffered formalin.
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Appendix iii

THE NEW YORK BIGHT & HUDSON CANYON IN OCTOBER 1974
PART l.' HYDROGRAPHY, NEPHELOMETRY,

BOTTOM PHOTOGRAPHY, CURRENTS

1 INTRODUCTION
This report presents daté collected in the last two

weeks of October 1974 from Lamont-Doherty Geological Obser-
vatory's researéh vessel VEMA during the first of a series
of cruises designed to examine the séasonal-variations in
the physical‘oceanography and geochemistry of the New York
Bight. This work was supported by the Energy Research and
Development Administration (ERDA), grént AT (11-1)2185; Part

1 presents the physical oceanography data which includes

the hydrography, nephelometry, bottom photography and currents.

For the purbbse of this report to ERDA, only samples of the data

are given. TYhe actual data report is being reproduced for dis-

tribution at thelpresent time. -

The aim-of the project is to understand the interaction
between.shelf, slope and oceanic waters and the mechanisms
that determine the fate of pollutants discharged into the
New York Bight. Using techniques developed at Lamont pri-
marily for deep-ocean studies, a hultidisciplinary program
of study was made possible, using a larger research vessel
than is norﬁally employed in coastal oCeanégraphy, and exten-
ding the study area across the éontinental shelf to the
shelf break andlcontinental slope.

The station map (Fig. 1) shows the three pérallel
- transects normal to the isobaths; 6ne.coincident.with the

Hudson Canyon and one each across a relatively smoother

e e+ P e
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portion of the shelf and upper slope to the northeast and

southwest of the canyon. Shorter sections were run across

the. Hudson Channel, the "delta" area and the canyon itself.

At each station location one or more of the following types'

of measurements were made: -

continuous salinity and temperaturévpfofiles:
sdrface to bottom | |
éiscrete sampling and analysis for:
.— salinity |
~ dissolved ongen
- nutrients
COhtinuous profiles of light-scattering, surface
to bottom‘(nephelometry);
bottom photography |
long-term'canyon'bottom—current and light-scattering
measurements |
30-liter sampling at discfeté_levels for analyses
of: |
- dissolved radon -
- suspended parficulate’matérial
large—volumé Sampliﬁgrfor anélfses of:
. - radium and thorium-228 analysisA
- oxyéen isotope at discretevlévels

sediment cores

~grab samples

Additionally, continuous underway sea-surface tempera-

:ture, air temperature and relative humidity data were
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FIG. 2 STD/ROSETTE PACKAGE
USED ON VEMA-32




colleéted and continuous lZ—kH; and 3.5-kHz echo—éounding
records were obtained. Navigation was provided by LORAN-C
and a Magnavox satellite navigation system;
| Preliminary results from the first cfuise have been
presented in Amos et al. (1974) andBiscaye et al. (1974)
The following pépers are now in preparation:
Amos, Baker and Daubin (in prep.), Gordon, Amos and Gerard

(in press), and Biscaye and Olson (in press).

2 HYDROGRAPHY =

2.1 Instrumentation

A Plessey" Model 9040 Slalinity/Temperature/Depth
(STD) system with a 3OOQ;m fullscale dgpth sensdr was used
throughout the cruise. Recording was made on both analog
strip-chart and on digital magnetic tape using a Plessey
Model 8114 digital data logéer._ A éeneral Oceanics Model.
RMS-12 rosette water-sampler with twelve 1.7-liter éampling
bottles was attached to the‘STD.sénsor paékageb(Fig. 2).
Six of the bottles were eqﬁippéd with frames to hold three
deep-sea reversing thermometers. A Benthos Model.2113 bottom-
finding pinger was used on all stations to allowAclose
approach to the bottom without making contacﬁ.

2.2 Methods |

The methods uséd were.basically those detailed ' in

Amos kl973).- Briefly, the STD was lowered from the surface

to within 1 to 5 meters of the bottom  (depending on weather




conditions and bottom topography) at a rate of 15—26 m/min
in the shallow stations and increasing:to a maximum of‘ |
50 m/min in the deep stations after the pycnocline was
passed. Digital recording rate was at oné scan (salinity,
temperature, depth) every two'seéonds. ‘The rosette bottles
were then tripped as the_STD_was brought back to the surface
(the uptrace). Twelve bottles were tripped on all but the
very shallow stations. When thermometers were present on
the bot£le, a stabiiization wait of from 3-5 minutes was
necessary before tripping the bottle, otherwise tﬁéy were
tripped immediately after the STD package was stopped in the
water, - |
The rosettelsamples and -thermometric data were used for
- three main purposes: |
(i) in situ calibration of the STD salinity,
temperature énd depth sensors;
(1i) discrete sampling.for dissolved oxygen
and nutrients;
(iii) verification of core layers, inversions
etc., revealed by the STD.
In the event of a major breakdown of the STD system, the
sample data would also provide adequate coverage of the water
column to describe the hydrography.
Salinity samples were run on a Guildline Model 8400
Autosal salinometer. Oxygen determinations were made using

the Carpenter modification of Winkler's method (Carpenter, 1965).



Both of.theée anlayseé were r@n:on po;rd ship during the
cfuise. A trial nutrien&mprogram was run on some of the
s£ations. éamples were frozen immediately after collecting
ahd were analysed later at L-DGO using a Technicon Auto-
'analyZer. Nutrients determined were nifrate, phosphate,
silicate and ammonia. In later}cruises, nutrients will be
‘determined on shipbéard using a Beckman'DU spectrophoto-
meter. |

2.3 Data Reduction

The first step in the data reduction process is
the célculation of corrections to apply to the STD data
usihg.the sa;inities, temperatures and £hermémetric depths
obtained ffém,the rosette. water-sampling bottles. Not all
the samples were ﬁseful'for this purpose, particularly in 
the mény shallow stations, because several of the—bottles
had to be tripped_at levels where there were high gradients
in the water column. in these cases, and where narrow
core-layers were sampled, the STD outputs vary when the
shipfs motion moves the sensors verticélly.in the gradiénts.

In a departure from our usual procedure (Amos, 1973),
the difference between the ﬁptrace STD output and rosette
sample values (collected on uptrace)Awas used to correct
‘the .downtrace STD records presented'in this report. Con-
sequently, in séme of'the shaliower levéls, the sample‘
salinities and temperatures appearing on the listings may

'notfagrée.with the corresponding STD standard-level values.

This is particularly so when changes in the upper water




column occur during the time it takes for the STD to be

lowered and raised again.

_2.3.1 -Salinity Correction

STD salinities have been corrected for
two types of error, surface offset error and salinity/

pressure error:

2.3.1.1 Surface offset error.- [As(surf)
= S(sample) - S(STD) at, or near the sea surface]. As(surf)

is added to all STD salinities in a particular station:

" Therefore, at depth Z, Sy é SZ(STD) + AS(surf)7

for 2 = 0, Sy = Sp(sTp) * S0 (sample) ~ S0(STD)
° _ . o
- SO(sample)‘

i.e., the salinity is forced to the samplé salinity at the
surface.
The variation of As(sﬁrf) with time (station number)

during V-32-01 is shown in Figure 3. As(surf) showed a

- "normal" distribution (Amos, 1973) until station #68, when

it started to increase rapidly. This was later found to be
caused by a failure in one of the compensating probes 'in

the salinity sensor. Despite this massive error, the data

- from stations 68-77 appeared to be consistent after correc-

tion for AS (gyrf)-

2.3.1.2 Salinity/pressure error. After

correction for As(sﬁrf)' STD. salinities still differ from
sample salinities by an amount that varies as a function of

pressure (depth).' Figure 4 shows AS, [=SZ(STD) + As(surf)].

plotted against STD depth for all stations taken during the
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STD SALINITY ERROR (2): Pressure dependent error AS
(after normalizing by subtracting Ag(Surf) from all STD
salinities for a given station) plotted as a function of
depth. Dotted line is 3rd-order curve fitted to data.

Shaded area is manufacturer's stated limits of accuracy.i'
Equation used to correct salinities is given below figure.

ot

PYTIOT e B TYEMATIATA A SNt DN, i [



L

-40 40
0
1000f .

= 2000 -

I

- B o

- )

w

© 3000} -

O

-

V)] = -
4000} -
5000+ -

. - D(corr)=0-29821 D(gyp)
' S.D.=16.9M
STD DEPTH ERROR: AD plotted‘as a function of STD depth.

Figure 5,

"Ap = Z-Dgyp, where Z = thermometric depth. Shaded area

indicates manufacturer's stated limits of accuracy. Dotted
line shows linear correction curve used. Equation is given
below figure,. : '
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Figure 6:
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S.D0.=0.065 °C
STD - TEMPERATURE ERROR: AT plbtfed as a function of STD %
temperature. Shaded area indicates manufacturer's stated-

limits of accuracy. Dotted line shows linear curve
fitted to data. Equation is given below figure.



cruise. This error is caused by’incorrect compensation for
the effects of pressure‘on conauctivity, a compensation
that is effected'electronically within the STD salinity .
Sensor. A third-qrder curve was fitted to the data dsing a
: least—squarés curveéfitting routine. "As the deepest STD
station was <2,500 m, the part of the correction cufve
‘below 2500 m is not used for correcting the STD data. The

- final equation used is given in Figufe 4. Although the.
standard deviation of 0.025 ©/o0 is rather high} the greatest
scatter occurs in the upper 100 m.of the water column where,
due to high gradients, a precise correction cannot be made.
In the deeper waters, where even a small salinity error
would be obvious, the écatter is much less.

2.3.2 Temperature Corrections

In Figure .5, AT (=T(THERM)_ T(STD)) is
plotted against STD temperature."T(THERM) ére temperétures
taken from paired protectéd:reversing-thermometers attached
to the rosette bottles.. A straight—line curve is fitted
Eo all points taken during the'crqise. The rather high
point scatter is caused by frequent tripping of thermometers
in high—temperatdre gradients.

2.3.3 Depth Corrections

In Figure 6, AD [=D(THERM)fAD(STD)

- AD(surf)] is ploﬁted against STD depth. D(THERM)

(surf) is the reading of the

thermometric depth. Here AD
depth sensor when the STD is -on deck (i.e., zero depth).

'AD(surf) varies with time and somewhat with temperature and




TABLE 1
STD SALINITY (°/oo) TEMPERATURE (°C) DEPTH (m)
DEPTH Sg . . AS SCORR TSTD AT ‘ TcorR AD DCORR
(Dg1p)
0 34.532 .0 34.532. 14.03 -0.01 14.02 0 0
390 35.016 0.016 . 35.032 6.64 0.01 6.65 -1 - 389
756 34.938 0.055  34.993  4.77 0.02 4.79 -1 755
1139 34.876 0.108  34.984 4.17 0.02 4.19 . -2 1137
1509  34.805 0.166 - 34.971 . 3.84 0.02 3.86 -3 1506
1876 34.746 0.226  34.972 3.62 0.02 3.64 -3 1873
2456 34.631 0.317  34.948 2.97  0.02 2.99 -4 . 2452
AS(SURF) = 0,089°/,,
AD (SURF) = -6 m

Typical corrections applied to STD data. Sy is the STD salinity at

depth Z after subtracting surface offset correction. Ag is the correction
applied to each Sz to produce corrected salinity Scorr. Tgpp is the STD
temperature. AT 1s the temperature correction applied to produce corrected
temperature Tcorr- AD is the depth correction applied to Dgpp to produce
corrected depth Dporp-

Ry
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maytéﬁount to several meters;;xAs.§t»is known that the
initial depth of ali STQ;stations must be zero, the data
are weighted by inserting one valﬁerf zZero on each
station even though there were no unprotected thermometers
tripped at zero depth. Paired unprotected thermometers
were ﬁsed at many samplé depths. A straight-line correc-
tion curve was fitted to‘all,points taken during the
cruise.

Table 1 gives some examples 6f the magnitudé of
corrections applied to the STD data. Daté in'Table 1 are
taken from STD station #46 at selected depths where bottles

were tripped.

2.3.4 " Smoothing of STD Digital Data Records

The method used to smooth and remove

spikes from the STD digital data was deVéloﬁed at Lamont
by D. Géorgi. Cofrections were‘applied to the salinity
data.for dynamic errors introduéed by tﬁe conductivity and
temperatufe probe time—conétant.mismatéh (Scarlett, 1975).
To remove noise ‘introduced inté.the salinity data by the
dynamic corrections, the salinities were smoothed by a
15-point running mean. |

'Digitization noise (AT = ,003°C, AD = 0.3m, AS =
.0003%°/00) was removed by applying a 7-point running mean
to all temperatﬁre and depth data. Subsequent to the
application of dynamic salinity corrections and smoothing,
all data points that were not 0.2 m deeper than the last

accepted data point were rejected. Dynamic salinity cor-




TABLE 2. VEMA 32 Cruise 1 Station Locations.

Time is GMT time. STD was at surface immediately
prior to lowering. Depth is corrected bottom depth

at the time the STD sensor was closest to the ocean
floor. Accompanying casts -are the numbers of stations
taken at the same location as the STD station but not
at the same time. except nephelometer casts 1, 3,

7, 13).




TABLE 2
S » T D .C A ST ACCOMPANYING CASTS

STD STA. TIME DATE LATITUDE LONGITUDE DEPTH SOURCE* N K” SG RN P C F

NO. (z) (1974) (°N) (°w) (m)

19 1651 18-10 39 14.3 74 12.3 28 T 4 3

20 2209 _18-1b 39 17.2 73 38.7 44 T 1 5

21 0022 19-10 39 16.7 73 23.5 47 T 6 4 -3
22 0518 -19-10 39 16.48 73 09.1 59 T

23 0731 19-10 39 12.7. 73 02.6 68 T

24 ‘4_0935 19-10 39 09.7 72'54.5‘ 84 T

25 0955 19-10 39 09.7 - 72 54.9 84 T -

. o0 ’ S | 7 5 4,5

26 1240 19-10 39 08.6  .72.56.0 86 D

27 1557 . 19-10 39 06.5 72 48.5 110 T 8 6

28 1848 19-10 39 03.1 72 42.6 364 T 2 1 9 7 3

29 2304 19-10 38 40.9 71 58.9 2684 T 3 10 8 6

30 2 e data irrecoverable——==—=——— e

31 1901 21-10 39 18.6 71 58.9 1995 D 119

32 0124 22-10 39 31.1 72 00.1 617 D 10

33 0529 22-10 39 25.4 72 09.3 1098 D 8

34 1012 22-10 39.19.2 72 18.6 214 T 12 11 9

35 1727 22-10 39 29.3 _ 72 15.8 710 T 4 2 12

36 2028 22-10 39 35.2 72 18.8 113 T 13 10,11

14
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TABLE 2 {continued)

CAST

40.7

: T D ACCOMPANYING CASTS
STD STA. TIME DATE LATITUDE LONGITUDE DEPTH SOURCE* N K SG RN P C F

NO. ~  (z) (1974) (°N) (°W) (m) | -

37 0007 23-10 ' 39 32.4 72 24.7 525 T 15 14

38 0358 23-10 39 29.5 72 29.7 112 T 16

39 0758 - 23-10 39 39.1 72 27.8 238 T 17 15 12

40 1317 23-10 39 57.5 = 72 30.7 64 T 18 16 13

41 1801 23-10 40 10.2 72 08.6 69 T 19 17 14’
42 2120 23-10 39 53.0 '71 57.3 110 T 5 3 20 18 15

43 0059 24-10 39 45.1 - 71 54.1 243 7 6 4 21

44 0351 " 24-10 39 33.5 71 45.9 1353 T 7 22 19 16
45 0938 24-10 39 29.5 71 39.3 1885 T 20 17

46 1826 24-10 39 09.1 71 41.7 2408 T 23 21 18

47 1305 25-10 39 30.3 72 17.8 435 T 8 5 22 19 4
48 1905 25-10 39 31.8 72 23.9 584 T 9 6: 23 5
49 2326 25-10 39 28.0 72 29.6 115 T 24 6
50 0519 26-10 39 38.0 72 28.6 91 T |
~ ‘ A - ' 25 20

51 0644 26-10 39 39.6 72 28.6 141 T

52 0723 26-10 39 39.8 72 28.0 225 T 25

53 1039 26-10 39 41.1 72 70 T 26
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TABLE 2 (continued)

. S T D CA ST ACCOMPANYING CASTS
STD STA. TIME DATE LATITUDE LONGITUDE DEPTH SOURCE* N K SG RN P C F
NO. (z) (1974) (°N) (°W) (m) '
54 1244 26-10 39 43.6 72 53.7 70 T 27 26
55 1420 26-10 39 46.9 72 55.0 70 D 28 1
56 1545 26-10 39 53.2 72 56.7 53 D 29 21 2
57 1714 26-10 39 59.9 73 00.3 46 T 30 27 22
58 1953 26-10 39 57.6 73 07.7 64 D 31 3
59 2210 26-10 39 56.5 73 16.8 75. T 32 23 4
60 - 2348  26-10 39 55.5 73 18.4 44 T 33 5
61 0124 27-10 40 00.1 73 21.5 75 T 31 28
62 0333 27-10 40 06.0 73 20.5 40 T 35 29
63 0538 27-10 40 06.8 73 28.3 40 T 36
64 0655 27-10 40 06.1 73 32.9 68 T 37 6
65 0908 27-10 40 06.9 73 45.9 29 T 38 24 7
66 0849 '28-10 39 18.3 72 00.8 €59 T 10 7 30 25,26 7
67 2118 28—10‘ 38 53.6 72 01.8 1781 T 11 8 39 31 27
68 2357 28-10 38 53.8 72.03.5 2535 T 40 32 28 FB1
69 1402 29-10 39 09.1 71.59.9 1965 T 12 9 41 33
70 2158 29-10 39 18.6 _72-19.1 216 T 13 34 29 8
71 0150 30-10 39 25.1 72 18.5 152 -~ T 8



TABLE 2 (continued)

S T D CAST ’ ACCOMPANYING CASTS

STD STA. TIME DATE LATITUDE LONGITUDE DEPTH SOQURCE* N K SG RN P C F
NO. (z2) (1974) (°N) (°W) (ra) '
172 0315 30-10 $39.29.2 72 17.9 525 . T
73 0504 30-10 39 31.0 72 18.1 289 T 10
74 0639 30-10 39 33.4 72 24.4 425 T 11
75 0820 30-10 39 32.7 72 26.2 247 T | 12
76 1317 30-10 40 00.5 73 00.3 - 48 T | 35 30
77 - 1653 30-10 39 58.2 72 56.9 - 49 T

nephelometer; K = camera; SG = Shipek grab; RN = radon cast; P = pump station;
core (3" Sanders); F = filter station.

N
C

'*Source of final STD data T=Magnetic Tape; D=Digitized from Analog Trace.
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rectiens were applied only té;the~gpper 1000 m of the
water column where thérméi gradients wére high. Below
1000 m the.digitai data tapes were subsampled at a rate
of one out 6f four scans for'sampiing efficiency and then
a 7¥pqint running mean wés applied for smoothing.

Some stations had problems with the aigitél aata
logging and the analog récords.wéré digitized by hand.
Here, smoothing was done in é subjecﬁive,way, cbmmonly
known as "eyeballiﬁg." Table-é lists the pertinent data
on all STD stations showing-wha£ type of data processing

was used.

3  NEPHELOMETRY
The light-scattering measuremeﬁts ﬁdken during
V-32-01 were obtained from the stanaard'Lamont ph;tographic
nephelometer developed by Ewing and.Thorndike (Thorndike
and Ewing, 1967; Thorndike, 1975; Sullivan et al., 1975).
This instrument photpgraphically records the
intensity of light scattered off of particles in the water
column betweén the angles of 8° and 24°. The light source
is a battery~powered, 0.25 amp, incandescent bul ., 61 cm
awayrfrom the camera. Variations in the output of the
light source are recorded bf Ehe camera as the images of
light passing directly from the source to the camera
through three neutral density.filters; These variations

must be subtracted from the scattered light intensity to

obtain the true variations in light scattering.

11,
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Depth is indicated by changes in pressure measured by a
Bourdon-tube pressure gauge. These readings are recorded photo-
graphically along the edge of the film. One minute time marks

are superimposed on the depth record.

The relation betweeﬁﬁtﬁéAoptical density of the direct and
scattered light images.on‘the film} and the amount of light
required to produce them is determined from a calibrated
sensitometer patch imaged on’the film. Thirteen neutral
density attenuator stéps( each varying by 0.2 log exposure
units (i.e., light intensitY) from the previous one, are
used to produce a corrected log exposﬁre value (Log E).

The recording camera has a shutterless 35-mm F-2 lens
and transports 35-mm nonperforated film past a 4.8-mm aper-
ﬁure at a nearly constant spéed of 20 mm/minute. At this
speed and éperture setting, aléoint on the film remains
exposed for approximately 15 seconds. Thus, the detail
of the record depends on»how f;st the instrument is
lowered: faster speeds peruce shortér, less detailed,
records than do sloWer’lowering speeds.

During V-32-01 (and all subsequent New York Bight
cruiSes) the nephelometer was used in two modes: (1) in

a combination camera-nephelometer mode where the instrument

was purposely run into the bottom, triggering the camera
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(2) in a combination STD-nephelometer moaé, where the nephelo-
meter was éttached to theASTD coﬁducting~cabie above the STD,
and lowered és-clqsé as possible to-thé‘bottom without
touching it. This provided a useable asceﬁt record as well

as better depth control (dealt with furthef-iﬁ secﬁion 8.2.1).
Since sunlight penetrates almost 150 m in4daylight_(most
stations were shallower than this), nearly all shallow-water
stations wereAtaken at night. Ship's iights at night did not
adversely affect the record when the instrument was in.the
"water. Therefore, a true record of light scéttering was

oo
castes,

cbtained frem the surface to the bottom in moes

4" BOTTOM PHOTOGRAPHY

- Photographs of the ocean bottom were taken with' the
Thorndike camera/nephelometer (Thorndike, 1975; Sullivan
et él., 1975) at eight locations (Fig. 1). A trigger-
weiéht hangs below the.instrumehf on 2-m of line. When
the weight»is lowered until it is on the bottom, a strobe
is flashed and a single pictﬁré taken. The trigger-weight
can be seen in most photographs. Up_to“lZ photographs were
taken per locaﬁion. The fiéld 6f view of the bottom camera
is a tfapezoid with dimensions of 5.5' x 5' x 6.5'. A
compass is included in the field‘of,view.for orientation of

ripple-marks, scour, bending or swimming organisms, etc.
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5 LONG;TERM CURRENTS AND LIGHT-SCATTERING

A single near-bottom current and nephelometér record
was obtained in the Hudson Canyon at 39°29.8'N; 72°17.6'W
(Fig. 1) at a water depth of 827 m. A Géodyne Model 102
film~-recording curreﬁt—meter was deployed in a bottom-
moored array with its rotor 5 m above the canyon floor.
A modified Lamont nephelometer was attached to the. mooring
line 4 m above the current—meter.< Immediately above the
nephelometer, a subsurface budy provided flotation énd the
package was anchored via two Geodyne timed-release devices
mounted in tandem. Current and nephelometer data was
recorded from 2 September 1974 to 25 October 1974, a tbtal
of 53 days. Current speed and directioh were averaged
'bver a one-minute pefiod every'lb minutes and nephelometér
data recorded as a single stfobe picture of the light-

scattering every 30 minutes.
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8  THE DATA

8.1 Hydrography

8.1.1 Explanation of Plots and Listings

Each STD statiqn is presented as vertical
prdfiles of tempefature and salinity plotted on three
different depth scales (0-100 m; 0-500 m; 0-2500 m) . The
same temperature and salinity scéles are used throughout
(0-20°C; 34-36%°/00). Each,profile is identified by a
letter T or S. The data are plétted as individual points.
Following this is a listing of observed-level data (rosette
samples collectédfat the same time as the STD station was
taken) and a standard-level iisting._

In the header, most data are given for the time
when the station started with the exception of corrected
depth, which is the depth wﬁen the STD was at its closest
approach to the bottom. The folloWing descriptions are

given for those data in the header that are not self-

explanatory:

WIND - directioﬁ in degrees and speed in
knots

SEA- - direction in degrees and‘seé—state
(Beaufort) | |

AIR TEMP - °C

DEW POINT —_iﬁ this cruise, wet-bulb temperature
in °C

BAROM ' - bérometer'in millibars
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STD - model number
SAL SENSOR " serial numbers of individual sensors;
TEMP SENSOR - in this cruise all are the same as we

DEPTH SENSOR used a 9040 STb where all sensors are
in the same package
NO OBS . - number of rosette sémples collected
| " with each station.

The columh headings for the listing are:

~

DEPTH - depth (m)

VTEMP - temperature (°C)

SALIN | - - salinity (?/oé)

DENS - density (ot unité)

ANOM - specific volume anomaly
DELTA - dynamic de?th (m) - |
VELOC - sound velocity (m.sec™1)
OXYG - dissolved oxygen (ml.171)
PHOS - phosphate (ug-;at.l",l)
NITR - nitrate ( " )'
SIL _ - silicate ( " )
ALK | - alkalinity (ndt done on this cruise)
NO; ~ nitrite (ug—at.l—l)
AMM : - ammonia ( " )

In the observed-lével data (OBS), the depths are coxrected
STD depths except where a good thermometric depth was -
used (*). Temperature only appears when thermometers were
used on the bottle aﬁd gave good readings. Salinity is

sample salinity: blanks will appear when there was no
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sample collected at that level."When depth, temperature
and salinity all appear at one level,vct and sound velocity
are computéd. | | |

For the standard-level listing (STD), data are
linearly interpolated to the following depths: 0-100 m at
10-m intervals; 100-200 m at 20-m intérvals; 2004300 m at
25-m intervals; 300-1000 m at 50-m intervals, and >1000 m
. at 100-m intervals. The deepest "observed" level is also
included as a "standard" lével. The column INT is the
interval in meters over which the standard level was inter-
polated and gives an indication of lowering speed and gaps
in the STD records If INT is iarger thén the disténce
between adjacent standard levels then erforé occur in the
interpélation. Some stations with sﬁch gaps -have been left
in the data report as data below the erroneous portion is
good (dynamic computations will sfill be in error, however).

Temperature/salinity.diagiams for each station appear
next to the standard-level listing. The scales are 32-36.4
©/oo for salinity and 0-20°C for temperature. The T/S
curves- are depth-annotated at the Shallowest and deepest
"observed" levels and at the nearest observed depth to the
following intervals: 100-500 m every 100 ﬁ;'>560 m every
500 m.

8.1.2 Sample Hydrbgfaphic Data
Figure 7. STD Statioﬁ VEMA 32-28 Vertical Profiles _
Figure 8. STD Station VEMA 32-28 Observed & Standard Level Listings
: & T/S Diagram

Figure 9. STD Station VEMA 32-45 Vertical Profiles

Figure 10. STD Station VEMA 32-45 Observed & Standard Level Listings
' & T/S Diagram



FIGURES 7, 8, 9, 10,
Samples of final data from STD/Rosette stations.

- . Figures 7 and 9 are T & S profiles plotted on
0-100, 0-250 and 0-2500 m scales for stations 28 and 45.

- Figures 8 and 10 are observed sample level data (from
Rosette), standard level data (interpolated from STD
profiles) and T/S diagram for stations 28 and 45.

(See text for detailed description.) :
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¥E 32 STA 28 DATE 19 10 76 GxT 2250 LAT 39 2.8% LONG 72 43,.9%

CORR DEPTH 364M WIKO S50 S SEA 50 & AIR TENP DEW PT BARCH 1013.5
$10 9C40 SAL SENSCR 5312 TEMP SENSOR 5312 DEPTH SENSOR 3312 NO 08S 12 ' VE- 32- 28
: ' ' ’ Salinit :
OEPTHM TERP  SALIN DENS ANOM  OELTA  VELOC OXYG PHOS NITR  SIL ALK NOZ AnK Y
css 1 33.968 s.62 32-0 32.432.8 33-2 336 34-0 34-4 34-835.2 35-6 -0 %4
ces 23, 33.98% 5.62 ' s 1 o P S S Y
€8s 89 35.880 3.74
CBS  14b 35.636 3.50 : : ]
€8s 178 35.822 3.1 13-0 ) ’
ces 213 . 35.304 ‘ 3.09 L
css 263 35.209 3.18 . oot
ces  31s 35,126 : : 3.49 : i 16-0 . \,
€8s 326 35,125 3.48 . :
c8s 335 35.120 3.52 . ’
ces 342 35.119 : 3.50 ’ : s 14-0 i §
CBS 365 T.87 35.1C8 27.40 1488.5 3.63 Cae”
: . 2.0 ) .
. - INT Iy
STO -0 18.5& 33,969 24.85 310.83 0.C00 1510.9 7 2, 10.0
STC 10 16.53 33.955 24.84 311.93 0.C31 1511.0 0 & ‘
STC 20 16.5) 33.959 24.85 311.9%5 0.C62 1511.2 o o . .
STO 30 17.30 34.410 25.01 256.89 0.C93 1516.2. . H 8.0
S0 40 17.37 34.707 25.22 277.07 0.121 1514.9 )
SI0 50 15.88 34.703 25.57 244.41 0.1%8 151C.6 o 4
ST0 60 13.71 34.684 26.02 201.21 0Q.170 1503.8 1 6-C
SIC 70,1).15 36.85% 2¢.27 178,03 0.189 15C2.3 1
STO  80' 14,78 35.5C6 26,43 183,45 0.206 1508.6 1
SIC 90 1S5.11 35.786 26,57 150.44 C€.222 151C.2 1 4.0
ST0 10 14.32 35.666 26.65 142.80 0.236 15067.7 )\
S0 120 13.75 3%.720 26.77 131.95 C.264 15C6.9 o
© $10 140 12.77 35.614 26.93 117.05 0.289 1%03.2 i 2-0
STO 160 11.77 3%.501 27.04 107.16 0.311 1499.9 [}
STO 180 11.31 35.407 27.05 106.07 0.332 1498,5 ! 0.0 e
SI0 200 10.89 35.386 27.11 100.74 0.35) 1477.4 1 ] ——t -+ bt bbb p e
ST0 223 10.30 35.312 27.16  96.48 0.378 1495.5 1
STD 250 9.79 35.243 27.20 93.56 0.401 1494.0 1
ST0 275 9,39 35.2C6 27.23  90.28 0,424 1492.9 0
ST0 300 8.69 35:13% 27.29 B4.83 0.446 149C.6 1
STO 350 7.93 35.109 27.35  76.14 O0.487 1488.5 1
o

SI0 367 7.06 35,086 27.5C 65.49 0.499 1485.4

'BCTTOX CEPTHe  367r°

. R : " FIGURE ‘8
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. BCITCP CEPINa 2085F

VE 32 STA &3 OATE 24 10 74 GNT 1338 LAT 39 27.4N LONG 71 4l.3Y

CCRR CEPTM 1883X MWIND 20 A4 SEA 20 & AIR TEMP 14,8 OEW PT 6.4 DBAROM 1024.7 : ' . ’ ;

STO 9C40 SAL SENSCR 5312 TENP SENSOR $312 DEPTH SENSOR 3312 NO 0BS 12 VE.. 38.. 45 .
Salinity

OEPTH TERP  SALIN DENS ANOM  DELTA ~ VELOC OXYG PHOS KITR  SIL ALK NO2 ANM
' 32.0 32:432-.8 33:233-6 34:0 34-4 34-8 35.2 35-6 350 H-4

ces 40 34,968 S.44 0.41 1.8 1.3 . l.00 t.27

€8S 382 6.68 35.057 27.%53 148602 .27 1.92 23.4 14.0 0.87 1.75 . &0-0
ces 57« 35.009 $.32 1.65 15.9 12.) 0.99 2.32"'
CBS 760 ATl 34.998 27.73 i 1482.4 5.68 1.60 19.4 12.0 0.94 1.47 18.0
cas 1217 34,979 6.02 1.60 18.1 11.8 0.83 1.72
€8S 91509 3.90 34.976 27.80 . 1491.,5 6,12 1.62 19.C 13.8 0.82 1.26
€8s 170S 34,974 6,16 1.60 18.8 13.3 0.78 7 16.0
C8S %1843 3,73 34,974 27,81 1496.4 b6.16 1.57 18.6 13.3 0,98 1.92 . . : ,
€8S 19468 34.970 : 6412 1.5% 18.3 14.0 0.78 1,50 S R L
C8S $2C13 3,48 34.968 27.84 1498.3 6417 1.62 15.6 12.5 0.90 1.30 140 . Geme Tl L g 40 !
€8s  2¢42 34,967 6016 1.62 16.9 14,1 0.92 1.23
CBS  2C57 3,43 34.967 27.84 1498.8 6417 1.51 14.9 12.4 0.74 1a17 )
- . S 12-0 : ) /’ .
: - . ) wT ) ‘ oy |
STD 0 16.91 34.8)1 25.42 2%6.40 0.000 1513.1 - : - 10.0 - ‘
STC 10 16.91 34.834 25.43 256.45 0.026 1513.2 ) : . 0, : ,
S10 20 16.92 34.854 25.44 255.54 0.CS51 1512,.5% : £ ‘
ST0 30 16.93 34,863 25.44 255.39 0.C77 1513.7 = 8.0 21 .
S10 40 17.01 34.9C6 25.46 256,33 0.1€2 1514.1 o R
STD SO 15,16 34,919 25.9C 213.03 0.126 1508.6 £ ‘

ST1C <60 15.08 35.339 -26.23 1e1.36 0Q.145 1509.0
$10 70 16.66 35.483 26.41 165.19 '0.163 15C8.0
sT0 B0 15,15 39.622 26.44 182.77 0.179 1506.9
<$I10 S0 14.4) 35,606 26.58 149.17 C.195 15C7,8
STO 1€0 14.63 35,719 26.867 141,32 0.209 1508.1
STC 120 14,02 35.734 26,77 132.30 0.237 15C7.1
STO" 140 13,33 35.668 26.86 123.38 0.262 15C5.1-
STO 160 12.62 35.592 26.95 116,15 0.286 1502.9
$TO 189 11.73 3%5.484 27.03 1€8.11 0.309 1500.1
$TO  2C0 t1.05° 35,370 27.07 1C+.58 0.2)0 1497.9
$TO . 225 10.24 35,294 27.16 96.82 0.355 1495.3
STO  2%0 9.49 35,207 27.22 9l.11 0.379 1492.9
STO 275 8.6) 35.151 27.31 82.33 0.4C0 149C.0
S ST0  3CO0 3.08 35.1C6 27.37 17.646 0.420 1588.)
$I0 350  F.51 35.C78 27,43 72.30 0.4508 148¢.9
£10 4CO0 6.45 35.C42 27.55 €0.83 C.491 1482.5
STO 450 5.87 35.,C27 27.81% 564.97 0.%520 1482.0
SIC  $CO S5.%3 3%5.020 27.85 S1.86 0.54¢7 1431.4
SIC 550 S5.23 35.012 27.617 49.82 0.572 1481.2
STC  6C0  5.1) 15.010 27.89 48.73 0.597 1481.4
SIC 650 4.94 35.006 27.71 «7.21 C.t21 1e8l.5
SIC 7¢c0 4,81 35.CC3 21.72 4b.464 0.646 1481.7
$10 7%0 &.68 35.0C0 27.7) 45,59 0.667 1482.0
$S10 8LO &.S5T 136.995 27.74 45.16 0.670 1482.4
$TD 850 4.51F 34,937 27.75 46,86 0,712 1481.0
STO "6CO0  4.642 346,964 27.78 44,49 0.735 1483.5
STO S50 4.37 34,893 27.7% 46,39 0.757 1434.1
STO 1CCO 4,32 34,992 27,77 h6,38 C.TT79 1484.7
5.0 11600 4.22 34.989 27.78 44,246 0.823 1485.9
STC 12C0 4.13 34.989 27.78 44.18 0.868 1487.2
STO 13G0 4.04 34,9886 27.79 44,06 C.S512 l4ee.s
S10 14060 3.98 34.986 27.80 464,23 0.956 1489%.9
TSI0 15C0  3.9C 34.986 27.81 ° 44,17 1.€C0 1491.3
(STC 16C0  3.84 34.985 27,31 46,246 1,064 1492.7
S1C 1700 3.76 34.984 '27.82 44.21 1.088 1494.1
€70 1800 3.76 36,985 27.82 44.9F 1.133 14935.7
STC 16C0 . 3,71 34.984 27.82- 45.18 1.178 1497.2
STD 20C0  3.48 34.977 27.84 43.39 1,222 1498.0
STO 2C65 3,45 34.976 27:64 . 43.56 1.251 1498.9
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8.2 Nephelometry

8.2.lv Explanation 6f Plots

The optical'densitykof the film is
measured using a Photovolt photodensitoﬁeter system with
a Bausch & Lomb recorder. . - ' o o Dis-
crete measurements are made at predetermined points along
the film of the two scattered lighﬁ images and three
direct light images. These are called cross-run measure-
ments. The sensitometer patch is measured with this
instrument and from this the characteristic curve relatihg
optical density to log eXposure {log E)} is obtained. The
direct light log EDis'substracted.from the average scat-

tered light log E and a correction added to make the

measurement comparable to the Lamont standard nephelometer

(Figure‘ll). ) ' ' ‘
£ilm optical density opt i"“//(///“
> f measurement - > den . +
G R log E (conversion

. [::::j to log E)

+ scattered light and + scattered light log ESl
direct light rand direct light log Ej

optical density values : _
+ final light scattering- LOG(E/ED)=%(log Eg,+log Es2)

value - log E tcorrec ion

> computer > LOG E/gp

IBM 1130
depth <

FIGURE 11. SCHEMATIC OF NEPHELOMETER DATA REDUCTION TECHNIQUES.
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Qhere log~Eg; is the log'exposuré_éf~the scattered light image i
and iongo is the log exposgfé of the direct light image. The . ;
correctién depénds on which of the thfee direct-light images is
used and which instrument is used. The usual technique of
utilizihg the pressure.transducer to obtain depth was only used
bn the camera/nephelometer:stations.» A more accurate method of
using STD depths, when the nephelometer was attached to the STD
wire was employed for these profiles. |

Scott Daubin, Jr. has deveioped a data reduétion technique
to produce the nephelometer profiles presented here. A detailed
digitization was made of:the analog record of optical densities
between cross-run values. Thié gives a continuous iight—
scattering trace, adjusted to the cross-run points that is
more suitable for comparisoh with thé STD traces. Figure 12 is
an example of the final output using this téchnique._-The down-
and up-traces are sﬁbwn as solid and dotted lines, respectively.
Down~trace cross-run measuremeﬁts‘are indicated‘by squares,
up-trace measurements by circles. The corrected PDR depth is
shown as a hatchea4line. Thé clearest water levels are
indicated by triangles alohg the left-hand depth axis (down-
trace triange faéing righﬁ, up-trace triangle facing left).
The agreement between these values and cross-run values taken
later as checks is generallyIiS%, which is within the acceptable
error limits for this instrument.

8.2.2 Sample Nephelometer Data

A sample of the nephelometer trace data is

i presented in Figure 12,
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8.3 Bottom Photography

8.3.1 Sample Bottom Photographs (Figure 13)

8.4 Hudson Canyon Currents & Light-Scattering

8.4.1 Explanation‘of Plots

For the 53—day record of currents, east. and
north components are plotted as a function éf time (Figure 14)
and a Spéed histqgram, vector rose and statistical data are
also given (FigurgllS).
The nephelomefer data is ploﬁtedlas a function of time.
The Veftical scale is log (e/eb),‘the log of the ratio of
scattered light to direct light, similar to that used for the

nephelometer profiles in section 8.2.2.

' 8.4.2 Sample Current. Data (Figures 14, 15)

8.4.3 Sample Light-Scattering Data (Figure 16)




ot G 1L 1 1R W8 S

BOPTOM PHOTOCRARIED FROM V=12 CAMPPRA
STATION 27,

~ - ' ——n
: {
¢ 4
i
i
1
{
3
i
5,
‘
i
i H
| ; j
| ¢
‘ ) § H 3 L
: i i
| i J
; 5
3 ! 1
) Al dersbitinnaar X o s o A e S AL L ke : e oA eSS

7= S A

vy R e Sy ey oY s P A PN Y B N b CE e e T AR ey > men —~ e e - o ceory
- o S E - gy e e e st - = v e e
H
k|
' 3
3
3
i
i
5
i
3
3
H 3
: :
s E:
¥ o
§ 3

5 = i
3 i

H 3 i
ke j L P
Buce o Baaorsr oo IR | = e et ek PERRETON: |

K 7-3 K 7-4

n ey — N P e e . e e

P———————
s
& A

s oo o P b Ml G A R

: ’
K 7-5 K 7-6



SOUTH OWSEC NORTH

FIGURE 14.

NORTH (TOP TRACE) AND EAST (BOTTOM TRACE) COMPONENTS OF THE CURRENTS
5 m ABOVE THE HUDSON CANYON FLOOR AT A DEPTH OF 827 m.
RECORD SPANS: 27 September - 8 October, 1974.
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IGURE 15, SPEED HISTOGRAM, VECTOR DIS1

3UTION ROSE AND STATISTICAL DATA

OF CURRENT RECORD IN HUDSON CANYON FROM September 2, 1974 to

Octeber 25 19749
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NC. CF PTS.

VECTOR DISTRIBUTION

BEBEERERN STATISTICS #00nvwene

NC. CF UATA PCINTS= Tel6
(RAW DATA UNITS = CM/SFC,CEGKEES)

—e== EAST-WEST ====

NEAN = -2.78

STU. ERRCR
CF MEAN = 0.09
VAR]IANCE = 66,74
STD. DEVIATICHN = B.16
KLRTCSIS = Y2
SKEWNESS = =02

=== NORTH=-SCUTH ===

MEAN = Oe22

STO. ERRGR
OF MEAN = 0.04
VARIANCE = 11.37
STD. DEVIATICN = 3.37
KLRTUSIS = 59.18
SKEWNESS = -0.974

------ SCALAR ==e== 3

MEAN = 7585

STC. ERRCR
CF MEAN = 0.00
VARIANCF = 36.16
STO. DEVIATIUN = &.C1
KLRTCSIS = 18.34
SKEWNESS = 1.94

=== [CE=VARTALLE ===

COVARIANCE = b5
STUS ERRER
OF CUVAKIANCE = 2.56
STL. ULVIATION
OF COVAKIANCE = 0.0?
CCRRELATICN CGLFo= =G 23
------ VECTCR ==e==
MEAN VECTCR = Zal?
VARLANCE = 37.06

STD. DEVIATION = 6.25
DIRECTICN = 275
DIRECTIGN LEV.= 82.48



(LOG E/ZED)

FIGURE 16.

CONTINUOUS RECORD OF LIGHT-SCATTERING 9 M ABOVE HUDSON CANYON

FLOOR AT A DEPTH OF 827 m. RECORD SPANS 27 September - 8 October, 1974.
THE LEFT-HAND ORDINATE IS A NEPHS = DIFFERENCES ABOUT THE MEAN FOR THE

ENTIRE RECORD. RIGHT-HAND ORDINATE IS THE ABSOLUTE VALUE OF LIGHT

SCATTERING. BOTH ORDINATES ARE Log (E/Ep) - EXPLAINED IN TEXT.
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