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PREFACE

This is an interim , not final report on the reliability of
LaCoste-Romberg meter S-9 when the accelerometer damping is 0.75 that
of critical . The tests described were only partly satisfactory ; errors
in measurement, presumably of electronic origin, were encountered when
Browne corrections were greater than 300 mgal. Because the test re-
suits were significant at Browne corrections less than 275 mgal, and
as it may be some time before the circuit corrections can be made and
additional sea tests conducted in the desired range of Browne cor-
rections, this report is being submitted at the present time~
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AB8TRACT

Tests were made at sea with the LaC oste-Roaberg surface-ship
gravity meter 8-9 while its horizontal accelerome ter s were 0.75 critical-
ly damped. These tests sup.i~ede those reported previously in which the
accelerometers were overdamped .

Performance of the meter with the new accelerometers is a very
significant improvement over that with overdamp.d accelerometers. Both
the systematic and random errors have been greatly reduced when Browne
corrections are low to moderate. M asurements with the present meter at
Browne corrections below 275 gal were found to be reliable and required
no empirical COrrection; those at Browns corrections greater than 275
mgal (300-500) were observed to be in constant error along any one pro-
file in an unchanging sea. Presumably the error at the larger accelera-
tions is of electronic origin, in which case it can be eliminated.
Investigations will be made into the source of the difficulty; when
corrected further sea tests will b. made at Browne corrections larger
than 300 egal. N

As a result of these tests , the anomalies obtained from
measurements with meter S—9 since Pebruary, 1962 at Browne corrections
consistently below 275 mgal can be considered correct in absolute value ;
those obtained at corrections consistently above 275 egal can, to a
first approximation, be considered indicative of anomaly variat ions,
but incorrect in absolute value.
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IWrRODt~T ION

The reliability at sea of LaCoste-Romberg surface-ship meter
8-9 when the horizontal accelerometers were overdamped has been described
prev iously (Dehlinger and Yungul, 1962a, 1962b; Allan, et al., 1962).
Significant errors were then observed under certain conditions . To re-
duce these errors, the manufacturers have modified the accelerometer
characteristics; the damping was made 0.75 that of critical.

This report describes reliability tests at sea with meter S-9
containing the modified accelerometers. The objective of the tests is
to provide estimates on accuracies of measurements with these met er
characteristics in routine gravity surveys; in particular, the accuracies
of measurements being obtained in the A. & M. College of Texas program
of making a free-air anomaly map of the Gulf of Mexico, Experience has
shown that while this type of meter may provide accurate measurements
in the laboratory, where motions are sinusoidal, the same meter may not
measure accurately at sea when motions are highly irregular, If measure-
ments are to be made in other than calm seas , the meter reliability at
sea should be established after each major instrumental modification.

The present reliability tests , as previous ones with this
meter , were made on the A. & M. College of Texas research vessel HIDALGO,
Results of the tests apply to measurements on the HIDALGO, but it is
believed that the present results also apply to measurements on other
ships.

METER CHARACTER ISTICS

In the present tests meter S-B consisted of essentially the
same gimbal-suspended system used previously when the accelerometers
were overdamped (Yungul and Dehlinger, 1962; Dehlinger and Yungul, l962a,
l962b; Gibson, 1962; Allan, •t al., 1962). The damping of the accelero-
meters was ma~Ie 0.75 that of critical in January, 1962; the natural
period was maintained at 2 minutes (the latter has not been changed since
January , 1961). Figure 1 (reproduced as part of Figure 4, Dehlinger
and Yungul, l962a, l962b) illustrat•s the error in meter response with
accelerometers as a function of accelerat ion period, based on data
supplied by the manufac tur ers.

• Two new Di.hl servo amplifiers to the accelerometers were
incorporated into the aster system on August 27 , 1962. These replaced

1



C

IL
O I-

LI
_ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  

C) Z ~~ao Q a 0 O
1. WI .~~LLJ

~~w a I -
m Z

, o o ~~~
w -J cL

7 2 ~~ ZW

/
/ O

~~~~~Q < w

< O__ c/)<

_ _ _  _ _ _  
/ 

_ _ _

/
I U OD  . w
I ~~/ 0 ~~~~~~~/

0 ~F Lii
1 L )  ~
~.~~ z w

_ _ _ _  I _ _ _  _ _ _ _  _ _ _ _

~~~~~~~~~~~~W OLL < (fl
N I j,j

~)
<

0 °

2 c*~~ w <
I-~ ~~~~~~~~~~~~~( Qj ~~~~D 1~j

~ a L J Q u) >
_ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  

N
o <o~~o

LI
-

3O~IY1 OOL A1IAY~IO ~OOL AJ.IAV~IO
NOIJ.33~IèIO3 13rlO~I31333Y NI ~IO~IèI 3 1N 33 ~~d

2 0 0

2 

_ _  

t



the Minneapolis-Honeywell servo amplifiers used in all previous tests.
The new amplifiers have more power, a faster operating response, and
should result in fewer electrical breakdowns*. Gravity measurements
obtained on the IIIDALGO should be the same with either type of ampli-
fier.

DESCRIPTION OF TESTS

The reliability tests were made past the Pure Oil Platform
(29°09’ N., 94°41’ W.), 12 miles south of Galveston in 9 fathoms of
water. The tests were similar to those previous tests past this plat-
form in which the courses were held straight (Dehlinger and Yungul,
1962a, 1962b). The present tests were made during two cruises:
62-11-6 in June, 1962, and 62-H-il in August, 1962. During 62-H-6 the
sea was calm and average Browns corrections did not exceed 100 mgal.
During 62-H-il the sea was rougher and Browne corrections ranged be-
tween 50 and 55O~~ agal. Free-air anomalies obtained during the two
cruises were quite similar at comparable values of Browne correction.
Electronic diff icul ty prevented obtaining a harbor base reading at
the end of cruise 62—H—B , resulting in some uncertainty in the absolute
values of anomalies measured. Because of this and the similarity of
results on the twc cruises, only cruise 62-H-il is described here.

Of 11 profiles run past the platform on 62—H—li, 9 provided
gravity measurements . The profiles were made in various directions to
determine anomaly errors as functions of Browne correction and heading
with respect to the waves. Each profile was straight, where the

* Personal communication with Dr. LaCoste.

** Larger Browne corrections were encountered on several profiles, but
the meter occasionally hit the floor at these larger accelerations; no
readings were then obtained. Such hitting of the floor had not been
encountered in previous cruises at comparable accelerations. The diff  i-
culty resulted from the fac t that the center shock cord used to connect
the top of the gimbal box to the top of the meter cage could not be
attached on this cruise; the ne* servo amplifiers were so fastened to
the top of the cage as to prohibit attaching the cord. This problem
has been corrected since cru ise 62-11-li. Accuracies of measurements
obtained should not be affected by omission of this center cord.
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course was held constant by an automatic piiot*. Each run was at
least 12 miles long , with midpoint nearest the platform , to provide
accurate navigational control. Positions of the center and end points
of each profile were determined from radar fixes , based on distance
and azimuth to the platform. It was estimated that calculated ship
headings were accurate to about 10. Ship speeds were calculated from
plotted profile lengths and corresponding times of travel; they were
accurate to about 0.2 knot. Errors due to navigation were thus esti~
mated to be within ±2 agal along each profile.

The waves were predominantly from the southeast during
cruise 62-H—li, with some shifting in direction on several of the
profiles. The waves were approximately 4 feet from crest to trough s
with lengths from 75 to 100 feet .

DETERMINAT ION OF ANOMALY ERRORS

Gravity calculations were obtained in the usual way from
slopes on the beam records. Along the profiles in which beam motions
were quite smooth and continuous , free-air anomalies were calculated
at intervals of about 1 mile. Along the profiles in which beam motions
were slightly undulating, fewer anomalies were determined, although
these were self-consistent along individual profiles. The gravity
readings were tied to the base station (Pier 23, Galveston, Texas)
reading made in the HIDALGO at the end of the cruise. This value was
considered as more reliable than the corresponding base reading at
the start of the cruise. Because of the difference in base readings,
the anomalies may be as much as 1 agal high .

Errors were calculated along the profiles at all points
where anomaliss were determined . The reference free-air anomaly was
taken from the map in Figure 2 (a reproduction of Figure 8, Dehlingeir
and Yungul , 1962b). This map ii accurate at the platform, where the
anomaly was obtained from a bottom-meter measurement , but may involve
small errors away from th. platform, where the measurements were
based on 8 anchored r.adings ‘with meter 8-9 aboar d the HIDALGO in
fairly calm seas . Th, map is considered reliable to about ±1 agal ;

* The automatic pilot operated from a magnetic compass. Because the
compass normally oscillates a small amount in moderate to rough seas ,
the pilot hunts somewhat , resulting in ship fishtailing . The fishtail-
lag deviation was estimated to be usually less than 3° and the period
less than 1 minute for the seas encountered .

4
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Figure 2. Free-air anomaly map, in milligals. Circles are

corrected anchored S—9 measurements near
the Pure Oil Platform.
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the shape of the contours is somewhat uncertain,

Accuracies of calculated anomaly errors due to uncertainties
in navigation , base station , and reference anomaly map were estimated
to be

\/ 2~~+ l~~+ 1~ = ~2.5 mgal,

RESULTS

Table 1 lists pertinent factors on profiles 1-8 and 10 (pro-
files 9 and 11 provided no measurements because of excessive ship
accelerations). Profiles 3, 8, and 10 were run with a component of
the sea astern; the average Browns corrections were below 300 mgal and
readings were good. The remaining profiles were run with headings into
the waves, broadside to the waves, or at some intermediate direction;
the Browns corrections were then larger and the slope readings less smooth.

TABLE 1

Summary data on 9 profiles of cruise 62-~H~-l1

Average Average
Profile Ship Headi ng Ship Browns Corr. Meter Quality of
Number with Respect to Waves Headin~~ (meal) — Orientation .~~asurement

3 With waves 256° 70 450 to ship very good
8 Approx . with waves 310° 200 45° to ship good

10 45° with waves 269~° 200 1 ship very good

3. 45°-60° Into waves 194° 350 45° to ship good
2 450 ‘ ‘ t o  waves , sea 140 400 450 to ship poor

shifting
4 Into waves 75° 300 450 to ship fair & poor
5 Broadside to waves 2310 320 45° to ship fair
6 Broadside to waves 50° 450 45° to ship poor
7 600 into wavea 193° 475 450 to ship poor

6



The meter was oriented at 450 to the ship ’s axis on most of the profiles
to permit measurements at Browne corrections which occasionally exceeded
500 mgal , With the meter perpendicular to the ship, the operating range
of the accelerometer in the roll direction would have been exceeded on
occasion.

Table 2 lists the errors in all anomaly determinations along
each profile and the corresponding average Browne corrections , It also
lists average errors for each profile and deviations of the observed from
average error along profiles. Plot s of the observed error as a function
of Browne correction are shown in Figur e 3, where d i f f erent symbols re -
present errors along separate profiles to point to the fact that devia-
tions were small along each profile~ in spite of any large systematic
error . Figure 3 includes data for all anomalies calculated from the
tests. If the slightly undulating beam recordings had been disregarded
and only the smooth slopes used , Figure 3 would have consisted of pro-
files 1, 3, 8, 10, and possibly 4 and 5; the apparent results of the
tests would not have been significantly different, Thus, provided the
poorer slopes were averaged over sufficiently long times , they appear
to indicate measur ements correctly.

It is observed from Figur e 3 that ‘when the accelerometers
were 0,75 critically damped~

1. Meter S-~9 measurements were essentially correct at Browne
corrections consistently less than 275 mgal (corresponding to
horizontal accelerations up to 33,000 mgal ) and involved no
systematic error • The standard deviation of anomaly error
f or the profiles at these Browne corrections (profiles 3, 8,
and 10) ~as observed to be ±3 mgal , Most of this was due to
errors in navigation and in the reference anomaly m ap .

2. Meter S~-9 measurements were incorrect at Browne corrections
greater than 275 mgal and involved a constant (systematic)
error but with l i t t le scatter (random error ) of data along
any one profile. The systematic error is thought to have
originated in the electronics of the system and not in the
measuring mechanism.

3. The reliability of the present meter system is considerably
higher than when the accelerometers were overdamped. Whereas
no systematic error was observed with the 0 .75 critically
damped accelerometers (at Browne corrections of 275 mgal or
less ) , a systematic error of nearly 10% of the Browne cor~
rection (up to 500 mgal) had been observed with the previously7



TABLE 2

Errors in free-air anomalies along profiles
with corresponding average Browne corrections ,

average error along each profile, and
deviations in error from average of profile

Profile Position Browns Error in Average Deviation
No. (Latitude) correction anomaly error from aver.

(mzal) (m~al) (m~al) error (m~al)

29°ll’ 85 — 3 — 4

10’ 90 0 - l
10’ 75 — 1 — 2

3 near platform 80 0 + 1 - 1
09’ 65 + 1  0
09’ 60 + 1 0
09’ 65 + 2 + 1
09’ 80 + 2 + 1
08’ 60 + ~3 + 2
08’ 60 + 3 + 2

( 29°06’ 240 - 5 - l
07’ 190 - 5  — l

8 near platform 200 5 - 4 - 1
10’ 230 — 7 — 3
11’ 50 — l  + 3
12’ 50 + 1  + 5

29°09’ 200 - 2 - 3
09’ 280 — 1 - 2

09’ 250 - 4 - 5

09’ 250 — 3 - 4
10 at platform 200 0 + 1 - 1

09’ 200 + 3 + 2
09’ 190 + 4 + 3
09’ 200 + 4 + 3
09’ 130 + 4 

+ 3 8



TABLE 2 (continued)

Profile Position Browne Error in Average Deviation
No. (Latitude) correction anomaly error from aver.

(meal) (meal) (mgal) error (m~al

29°l5’ 300 + 20 + 3
14’ 300 +17 0
13’ 310 +17 0

near platform 400 + 19 + 17 + 2
08’ 360 + 18 + 1
06’ 370 +16 - l
05’ 420 +14 - 3

29°05’ 470 - 1 + 3
07’ 480 - 2 + 2
08’ 400 - 7 - 3

2 near platform 350 - 6 - 4 - 2
10’ 330 — 6 - 2
11’ 340 — 7 — 3
12’ 400 — 7 - 3
13’ 220 — 6 — 2
14’ 310 + 1 + 5
15’ 280 + 2 + 6

( 29~08’ 260 + 27 — 1
4 09’ 350 + 3 2  + 4

near platform 300 + 25 + 28 - 3

( 29°l2’ 285 + 6 — l
11’ 340 + 4 - 3
10’ 340 + 6 - l

5 <~ at platform 360 + 10 + 7 + 3
09’ 360 +10 + 3
06’ 350 + 9 + 2

6 ~ 29°08 ’ 450 + 23 + 23 0
10’ 450 + 2 3  0

( 29°l3’ 450 + 30 + 1
7 11’ 500 + 3 0  + 2 9  + 1

05’ 550 + 2 6  
- 3 9
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overdamped accelerometers (Dehlinger and Yungul , l96 2a ,
l962b, Figure 2).

DISCUSSION AND CO?CLUSIONS

As measurements ‘with the present meter 8-9 involved no system-
atic error and only small random errors at average Browns corrections
consistently less than 275 mgal, gravity measurements ‘with this meter
should be quite reliable within the corresponding range of accelerations.
The new accelerometers are a very significant improvement over the prev-
ious overdamped units.

The measurements at Browne corrections greater than 275 mgal
involved nearly constant systematic errors, but the amount of error was
not predictable; it depended upon ship heading. Deviations from the
systematic error along any one profile were noticeably small. Because
the systematic error involved a step function at a Browne correction of
approximately 300 agal , this error can hardly result from incorrect
accelerometer responses ; the error is almost certainly caused by a defect
in the electronics of the system. The cause will be investigated at the
earliest opportunity. When the source of error has been determined and
corrected, additional sea reliability tests will be made at Browns cor-
rections of 300-500 mgal. Making additional sea tests may take some
time, however, because (1) meter repair may involve laboratory testing
by the manufacturer, (2) of required advance notice in scheduling the
cruises, and (3) the desired sea conditions are often not encountered
on a scheduled cruise. Significant tests usually involve 2 to 3 short
cruises made over a period of several months.

In a personal communication Dr. L. LaCoste has suggested
several possible causes of electronic errors. The most likely is a
non-linearity in tooth-count , i.e., a non-linearity in the conversion
of measured accelerations to electrical signals. Such might be due to
the feed-back amplifiers in the computers being out of adjustment, as
involving an incorrect bias voltage. This could result in a partial
saturation of the amplifiers at larger accelerations. This factor will
be checked at the earliest opportunity. If the amplifiers are out of
proper adjustment, the amount would hardly be the same for both ampli-
fiers; one might then saturate at lower accelerations than the other.
Such differential adjustments would result in errors that depend upon
th. amount of correction applied by each accelerometer. The relative
amount recorded by each accelerometer is a function of ship heading.
Th, variation of error with ship heading observed in the tests might
have such an explanation .

11
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The small random errors observed are a consequence of the fact
that systematic errors are zero or nearly constant. While operating with
the previously overdamped accelerometers, it had been observed that ran-
dom errors along a profile ranged up to 10 mgal, depending upon ship
heading (Dehlinger and Yungul, l962b, Figure 7); as the systematic error
varied nearly linearly with Browns correction, the error in reading was
affected by the actual fluctuations as well as average values of Browns
correction. The new accelerometers thus provide for reduced random as
well as systematic errors.

Of gravity measurements that have been made with meter S-9
between February and October, 1962, anomalies obtained at Browne cor-
rections less than 275 mgal can be considered correct in absolute value;
those obtained along one profile in an unchanging sea at Browne cor-
rections greater than 275 mgal (300-500) involve nearly constant errors.
Such measurements are, to a first approximation, indicative of anomaly
variations and can be so used. It has been observed along a profile in
which Browns corrections averaged 300 mgal, run in June, 1962 north of
the Bank of Campeche in the Gulf of Mexico, that there was a positive
error in anomaly of about 20 mgal with respect to previous measurements
in the area. Possibly anomaly variations observed at the larger Browns
corrections involve some errors. This has not been determined completely.
If partial saturation of amplifiers is the cause, the reliability of
observed variations would depend upon the extent of saturation.

12



REFERENCES

Allan, T. D., Dehlinger, P., Gantar , C., Harrison, J. C., Morelli, C.,
and Pisani M,, 1962, Comparison of LaCoste-Romberg and Graf-
Askania Surface-Ship Gravity Meters aboard the ARAGONESE, Journal
of Geophysical Research, (Abstract) V. 87, No. 9, p. 3538
(complete paper in press in same journal).

Dehlinger , P., and Yungul S. B,, l962a, Experimental Determination of
the Reliability of the LaCoste-Romberg Surface-Ship Gravity Meter
S-9, Journal of Geophysical Research, V. 67, October (in press),

l962b, Appendix to the paper “Experimental Determination
of the Reliability of the LaCoste-Romberg Surface Ship Gravity
Meter 8-9” published in the October, 1962 issue of the Journal of
Geophysical Research, Report by the A, & M. College of Texas,
August 31, 28 p.

Gibson, R. B., Jr,, 1962 , Crustal Structure Across the West Florida
Escarpment from Gravity Data (M. S. Thesis), Report by the A. & M.
College of Texas, August , 22 p.

Yungul, S. H,, and Dehlinger, P., 1962, Preliminary Free-Air Gravity
Anomaly ~~p of the Gulf of Mexico from Surface—Ship Measurements
and Its Tectonic Implications , Journal of Geophysical Research,
V. 67, November (in press).

13

_ _  _  _  _  I



UNC LASS IF lED TECHNICAL REPORTS D ISTR IBtTF ION LIST
for OCEANOGRAPHIC CONTEACTORS
of the GEOPHYSICS BRANCH

of the OFFICE OF NAVAL RESEARCH

DEPARTMENT OF DEFENSE

1 Director of Defense Research
& Engineering

Attn: Coordinating committee 1 Commanding Officer
on Science Office of Naval Research Branch

Pentagon 1030 East Green Street
Washington 25, D. C. Pasads~a,l, California

10 Commanding Officer
Office of Naval Research Branch

2 Office of Naval Research Navy No. 100, Fleet Post Office
Geophysics Branch (Code 416) New York, New York
Washington 25, D. C.

1 Contract Administrator Southeast
Office of Naval Research Area
Washington 25 , D . C. Office of Naval Research

1 Attn: Biology Branch (Code 446) 2110 “G” Street, N.W.
1 Attn: Surface Branch (Code 463) Washington 7, D. C.
1 Attn: Undersea Warfare (Code 466)
1 Attn: Special Projects (Code 418) 1 Your Resident Representative

Office of Naval Research
1 Commanding Officer

Office of Naval Research Branch 6 Director
495 Summer Street Naval Research Laboratory
Boston 10, Massachusetts Attn: Technical Services

Information Officer
1 Commanding Officer Washington 25, D. C.

Office of Naval Research
207 West 24th Street (Note: 3 copies are forwarded by
New York 11, New York this addressee to the British

Joint Services Staff for further
1 Commanding Officer distribution in England and Canada)

Off iée of Naval Research Branch
The John Crearar Library Building 8 Hydrographer
86 Easy Randolph Street U. S. Navy Hydrographic Office
Chicago 1, Illinois Washington 25, D. C.

Attn: Library (Code 1640)
1 Command ing Officer

Office of Naval Research Branch 1 U, S. Navy Branch
1000 Geary Street Hydrographic Office
San Francisco 9 , California Navy 3923 , Box 77 , F. P. 0.

San Franc isco, California
14



Distribution List

Chief , Bureau of Naval Weapons Chief, Bureau of Ships
Department of the Navy Department of the Navy
Washington 25, D. C. Washington 25, D. C.

1 Attn: FASS 1 Attn: Code 312
1 Attn: RU—222 1 Attn: Code 34lC

1 Attn: Code 631
1 Office of the U. S. Naval 1 Attn : Code 688

Weather Service
U. S. Naval Station 1 Office in Charge
Washington 25, D. C. U.S. Navy Weather Research Facility

Naval Air Station, Bldg. R-48
1 Chief, Bureau of Yards & Docks Norfolk, Virginia

Office of Research
Department of the Navy 1 Commanding Officer
Washington 25, D, C. U. S. Navy Air Development Center
Attn: Code 70 Johnaville, Pennsylvania

Attn: NADC Library
1 Commanding Officer & Director

U.S. Navy Electronics Laboratory 1 Superintendent
San Diego 52, California U. S. Naval Academy

1 Attn: Code 2201 Annapolis, Maryland
1 Attn: Code 2420

2 Department of Meteorology &
1 Commanding Officer & Director Oceanography

U. 8. Naval Civil Engineering U. S. Naval Postgraduate School
Laboratory Monterey, California

Port Hueneme, California
Attn: Code L54 1 Commanding Officer

Naval Radiological Defense Laboratory
1 Code 3145 San Francisco, California

Box 7
Pt. Magu Missile Range 1 Commanding Officer
Pt. &bzgu , California U. S. Naval Underwater Sound

Laboratory
1 Commander , Naval Ordnance Laboratory New London , Connecticut

White Oak, Silver Spring, Maryland
Attn: E. Liber.an, Librarian 1 Commanding Officer

U. S. Navy Mine Defense Laboratory
1 Commanding Officer Panama City, Florida

Naval Ordnance Test Station
China Lake, California

1 Attn: Code 753
1 Attn: Code 508

15



Distribution List

Air Force

1 Hdqtrs., Air Weather Service 1 Commandant (OFU)
(AWSSfrIPD) U. S. Coast Guard
U. S. Air Force Washington 25 , D. C.
Scott Air Force Base, Illinois

1 Commanding Officer
1 ARCRL (CRZF) U,, S. Coast Guard Oceanographic Unit

L. G. Hanscom Field d o  Woods Hole Oceanographfc
Bedford, Massachusetts Institution

Woods Hole, Massachusetts

1 Director
1 Army Research Office Coast & Geodetic Survey

Office of the Chief of R&D U. S. Department of Co erce
Department of the Army Washington 25, D. C.
Washington 25, I). C, Attn: Office of Oceanography

U. S. Army Beach Erosion Board 1 Laboratory Director
5201 Little Falls Road, LW,, Bureau of Commercial Fisheries
Washington 16, D. C. Biological Laboratory

U . S. Fish & Wildlife Service
1 Director Washington 25, D. C,

U. 5 , Army Engineers Waterways
Experiment Station 1 Laboratory Director

Vicksburg, Mississippi Bureau of Commercial Fisheries
Attn; Research Center Library Biological Laboratory

450-B Jordan Hall
Stanford, California

OTH~~ U. S. GOVERNMENT M~E)CIES
Bureau of Co ercial Fisheries

1 Office of Technical Services U. S. Fish & Wildlife Service
Department of Commerce Post Office Box 3830
Washington 25, D. C. Honolulu 12, Hawaii

1 Attn: Librarian
10 Armed Services Technical

Information Agency 1 Director
Arlington Hall Station National Oceanographic Data Center
Arlington 12, Virginia Washington 25, D. C.

2 National Research Council 1 U, S. Geological Survey
2101 Constitution Avenue Washington 25 , D. C.
Washington 25 , P. C. Attn: James Trumbull
Attn : Cc ittee on Undersea Wa rfare
Attn: Committe, on Oceanography

16

_  -



Distribution List

1 Director of Meteorological Research 1 Great Lakes Research Division
U. S. Weather Bureau Institute of Science & Technology
Washington 25 , D. C. University of Michigan

Ann Arbor, Michigan
2 Library , U. S. Weather Bureau 1 Attn: Dr. John C. Ayers

Washington 25, D. C.
1 Director

2 Director , Bureau of Narrag ansett Marine Laboratory
Commercial Fisheries University of Rhode Island

U. S. Fish & Wildlife Service Kingston , Rhode Island
Department of interior
Washing ton 25, D. C. 1 Bingham Oceanographic Laboratories

Yale University
U. S. Bureau of Commercial Fish•rie. New Haven , Connecticut
Fish & Wildlife Service
P. 0. Box 271 1 Gulf Coast Research Laboratory
La Jolla , California Post Office Box

Ocean Springs , Mississippi
Attn: Librarian

RESEARCH LABORATOR IES
1 Mr. Henry D . Simmons, Chief

2 Director Estuaries Section
Woods Hole Oceanographic Waterways Experiment Station

Institution Corps of Engineers
Woods Hole, Massachusetts Vicksburg, Mississippi

3 Project Officer 1 Oceanographic Institute
Laboratory of Oceanography Florida State University
Woods Hole, Massachusetts Tallahassee, Florida

1 Chairman , Department of 1 Director, Marine Laboratory
Oceanography & Meteorology University of Miami

New York University N0. 1 Rickenbacker Causeway
New York 53, New York Virginia Key

Miami 49 , Florida
1 Director

Lament Geological Observatory 1 Servicio do Hidrografia Naval
Torr ey Cliff Sarmiento 2544-5.0 C.
Palisades, New York Buenos Aires , Argentina

Attn: Nestor C. L. Granslli
1 Director Teniente do Navio

Hudson Laboratories
145 Palisades Street 1 Director
Dobbs Ferry , New York Scripps institution of Oceanography

La Jolla, California

17



Distribution List

2 Head, Department of Oceanography 1 Technical Information Center , CU-201
and Meteorology Lockheed Missile & Space Division

Texas A & M College 3251 Hanover Street
College Station , Texas Palo Alto, California

1 Dr . Harold Haskins 1 Allan Hancock Foundation
Rutgers University University Park
New Brunswick, New Jersey Los Angeles 7, California

1 Director 1 Department of Engineering
Chespeake Bay Institute University of California
Johns Hopkins University Berkeley, California
121 Maryland Hall
Baltimore 18, Maryland 1 Head , Department of Oceanography

Oregon State University
1 Mail No. J-3009 Corvallis , Oregon

The Martin Company
Baltimore 3, Maryland 1 Director
Attn: J. D. Pierson Arctic Research Laboratory

Barrow, Alaska
1 Dr. C. I . Beard

Sylvania Electric Defense Laboratory 1 Department of Geodesy & Geophysics
P. 0. Box 205 Cambridge University
Mt. View, California Cambridge, England

1 Head , Department of Oceanography 1 Applied Physics Laboratory
University of Washington University of Washington
Seattle 5 , Washington 1013 N .E. Fortieth Street

Seattle 5 , Washi ngton
1 Geophysical institute of the

University of Alaska 1 Documents Division - ml
College , Alaska University of Illinois Library

Urbana, Illinois
1 Director

Bermuda Biological Station 1 Advanced Undersea Warfare Engineering
for Research Advanced Electronics Center

St. Georges , Bermuda General Electric Company
Ithaca, New York

1 Department of Meteorology
Oceanography 1 Stanford Research Institute

University of Hawaii Department of Earth Sciences
Honolulu 14, Hawaii Menlo Park, California
Attn: Dr . H. M• Johnson

18



Distribution List

1 University of Pittsburgh
Environmental Sanitation
Department of Public Health Practice
Graduate School of Public Health
Pittsburgh 13, Pennsylvania

1 Director
Hawaiian Marine Laboratory
University of Hawaii
Honolulu , Hawaii

1 Dr. F . B. Berger
General Precision Laboratory
Pleasantville, New York

1 Mr .  J. A. Gast
Wildlife Building
Humboldt State College
Arcata , California

19


