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This renort co: e ns a meeting held at Charlottenlund Slot,
Denmark, on 5/6 October, 196L. The meeting was svonsored jointly
by the Hydrographical Cormittee of ICES and Unesco, and was convened
by Dr. R.A. Cox who took the Chair. Present were:

1. Members of the joint IAPO/SCOR/ICES/UNESCO vanel on oceanopraphic
tables and standards:

D.E. Carritt (U.S....)
R.A. Cox (U.K.)

N.P. Fofonoff (U.S.A.)
F. Hermann (Denmark)
Y. Mivaki (Janan)

0. Saelen (Norway)

Apologies for absence were received from G, Dietrich (Germany)
and G.N. Ivanoff-Frantzkevich (U.S.S.R.)

2. Particirants in the meetine, in addition to the members of the
panel included:

Areentina - A. Orlando

Denmark , - S.F. Larsen, J. Smed

Finland - I, Hela, A. Voinio, F.

Koroleff

Germany - K. Grasshof, G. Weichart

Iceland - S.A. Malmberg

Netherlands - R. DoTrestein

Norvay - J. Epavin, E. F8vn

Snain - N. Menendez

Sweden - B. Kullenberg, A, Svansson,
S.H. Fonselius

U.K. - - F. Culkin, D.P.D. Scott

UNESCO - K.N. Fedorov

U.S.A. - J. Lvman

First Session, Mondav morning

Iz his introduction, the chairman, Dr. R.A. Cox, referred to the

first and second reports of the joint panel on the equation of st§te of
sea water and explained that on the disbanding of this committee 1in

Berkeley in Aurust, 1963, the members, with the addition of Dr. 0. Saelen,

were desipnated the joint panel on oceanographic tables and atanqards.
He listed certain nroblems which would be considered by th? meeting.
Following is a surmary of the chairman's remarks, as distributed before

the meeting:-



The "Equation of State" of Sea Water

The "equation of state™ of sea water ias the mathematical expression
to calculate density from measurements of temperature, pressura and
salinity, or from other narameters demendent on these. 1In its most usual
form the equation is exnressed with density or smecific volume as a
function of temperature, nressure and salinity. Salinitv, hovever, can be
replaced by any of a larpe ranre of neasured prroperties such as
conductivity, refractive index or sound velocity. All these proverties,
however, are themselves demendent on both temperature and nressure;
comruting the density from temmerature, nressure.and conductivity, for
example, is more difficult than from salinity,

Virtuallv all the comnutations of density of sea water made during
the last A0 vears have been based on measurements of density, chlorinityv
end salinity by Farch, Knudsen and SBrensen, published in 1902, and of
ccmpression by Amagat in 1893 and Fkman in 1908, All these measurements
vere of very high quality, and even today it is unlikely that we can
greatly improve on them. However, there are several aspects of the
rroblem vhich have recently attracted considerable attention, and it is
ncw certain that we do not knov enourh about tie basic relationships; in
consequence the full precision of modern techniques of measurenent cannot

be used.
Anong the points where we need further knowledge are these

1. "Density". We refer our densities as ratios to the density of "pure
water, but nobodv has defined the pure water. Density of water
varies according to the source, e.g., rain vater is lighter than
distilled sea water.

2. "Absolute densitv". Phyvsical oceanopraphers take snecific gravity
neasurements. take the reclprocal (specific volume) and mive it
units of em3/p. This is ouite wronr, and ve do not know the
conversion factor to make it ripht.

3. Nobody has measured salinity for 60 years. At present chlorinitv,
conductivity and refractive index measurements are all being
converted to "salinity" by inadequate tables of often doubtful
origin., All make assumptions reparding constancy of relative
pronortions of the various inns, which are doubtful and may be quite
unwustxfxed to the precisinn.of our modern measurenenta.

The "Standard sea water prograrme” at the n;t1onal Inatitute of
Ocea%?graphy has been run to try and ansver some of these problems;
sirilar work is undervay in several laboratories. Among other subijects
for discussion at this meeting will ‘De- the vresent statp of this vork;
and thé future prosnects. ' :
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. In addition delepates will no doubt wish to discuss the i-ecormend-
atlnns of the joint ICES/SCOR/IAPO/UNESPQ committee on the equetion of
state of sea water, and in particular how those recormendations may need
mrdificaticn from recent works The members of the Cormittee sre anxious
that dlscuss1on and- crltlclsm shculd be as peneral a8 prssible. '

Ve hone that, at this meetlng, the delepates v1ll be sble to describe
nther work in propress, or nrojected, in this difficult but importaant
field, :

Another matter which should be discussed is the intentinn of the
International Bureau of Veights and Measures to re=-define the litre as a
cubic decinetre. This has a bearing on oceanopraphic units, and it may
be that this meeting will wish to nake representations to the International
Rureau on the subject.

The Standard Sea Water Service is intending to distribute standard
sea water as soon-as is practicable, certified in conductivity as well
as, or es an alternative to, chlorinity. There are sericus difficulties
ta be overcome before this can be done, and it may well be helpful to
discuss these difficulties. :

- — 2 s —

The meeting then discussed certain details of the first and second
repnrts., Most immortant wes-the problem of the definition ~f selinity.
The chairman referred to discussions. between Dr. Saelen end himself on
the problems of an absolute standard of densxty, these discussions led tc
the conclusion that it would be preferable to use conductlvxtv as the
reference narameter, since this: would shortly be determ1nable in absolute
terms.. Moreover, it was intended -that the. standard sea water would then
be ca11hrated in conductxvatv, o s

The N. I O had abaut hOO deternlaat’ons of conductlvztv and
chlorinity on natureal sea water samnles A repress1on enuatlon had been
computed from these connectine chlorinity {or salinity defined as Sk=
1.80655 c1 % ) with conductivity ratio, defined as the ratio of the
conductivity to that of standar& ‘sea water batch P 31, chlorinity 19. 37k,
both sammles -beine:at: ISvCA Enuatloas had . heen comnnted from these values
un to the sixth order, but it was. gd thP second order ‘there
vas no sipnificant imnroverent in
equation was ‘hénce used to-comput
conductivity with salinity. - A:38
salinity range 34.91:- Blel;va&,v
ineluded with this report
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This ecuation ecould serve as the defihitinn of salinity. However,
there vwas a difficulty. Most of the sarples with a salinity of sbout
35% were deen samnles; manv of these contained more calecium than surface
water and hencz had a fractionally hisher conduct1v1ty than standard
sea water, which is Atlantic surface water. Thus'a conductivity rvatio
of 1.0 aid not corresnond t» a salinity nf 35%, but with 3k.99kL%, .

This was a perfectly correct result, and reflected the fact that the
standard water was not quite average., However, this result was potentially
confusine, and would mean that Atlantic deen salinities, for examnle,
cormuted from the new tables would not exn.tlv correspond with older
firures.

Various wavs of resolving this discrenrancy were discussed. These
included:

1. Using deep water for preparings future standard sea weter

2. Increasine the conductivitv of the standard by adding, for
example, so¢iun sulphate

3. Displacing the equation by addine a constant
L. Crrmuting a new eouation, usine surface observations only

S. As b, but if necessary adding a constant to the enuation
to make ratln 1.0 exactlv correspond to salinity 35%.

After a long dlscuss1nn, the fifth course of action was adonted.
The computing cf the new equation, using surface observations only, is
at present underway at the N.I.0. This ecuation wiil serve as the
definition of salinity; at the moment it will be available only in terms
~f relative conductivity, but shortly it will be nossible to rive the
definition also in terms of the nhm and centimetre. This salinity, so
dcfined, will correspond with the chlorinity of surface sea water as
nearly as is nermitted by the natural scatter of the relationshin.
However, tn campute the most nrobable chlorinity of a deep oceanic vater
from this salinity, a small denth correction will be necessarv. reflecting
the 1fferent average cdnnos1t10n of deen water.s -

" The next step v111 be tn rﬂlate th1s Bdllntty to denszty. The
chairman explained that all we can ‘do at:the moment is toc relste ,
salinity te spec1fic pravity: that is a ratio of density to the density
nf ¢ defined pure water at héc “The ‘intentinn was to nrepare such a
nure water by distillation of sea water, There was considerable :
discussion on the best location from which ‘to take the water, but it waas
finelly apreed that water frorm 2000 m ‘dowm in ‘the western basia »nf the
Mediterranean Sea would be as pcod &8 any; several sneakers emnhasxzea
that the distillation procedure should be defined as closely as nossible,
and the water so nrenared should be characterised by isotovic analysis,
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There was also peneral apreement that compariabns should be made with
water from various sourﬂpa, to see if signxficant var:ations':n density
were awnarenf

To cornute density in absolute units, in g/cn3 the absolute
density of the reference water must dbe determined, &hxs deteraxnatzon
is beyond the resources of the N.T.0., but the chairman revorted that the
National Physical Laboratory in Enesland would be nrepared to undertake
this determination if the necessary funds were uvallable. The order of
cnst was estxnnted at t3! 000 ($100 000).

The meeting dec1ded to vr1te to- the Bureau Internat1ona1 Aes Pnias
et Mesures, askine their summort in this -work. A copy of the letter
and that of the answer are annended. (Apuendlx B).

Mr. Hermann, on bshalf: of the %tandard Sea-ﬂater Serv1ee, revorted
that several requests had been received:for standard water with high and
lov salinities, in addition to the normal 35% . The meeting felt that
there was no point in such alternative standards for chlorinity -
determination, and little point for lowerange conductivity measurements
because of the wide natural scatter usually found at low salinities.

In the special case of the Mediterranean, however, there might be . call
for a conductivity standard with a salinity of sbout 38.5% . The use
of such a standerd should lead to'a 31rn1f1ca»‘ 1nnrovement in precision
by zreatly reducing transfer errors.

When the new con&uct1v1ty annnraxus is vorklnr a hiph-galinity
standard could be nrepared on the same basis as the present standard,
Fiven a supply of suitable water. - Dr. Fedorov undertook to raise the
matter at the forthcom1nk meetxnp of Med1terranean oceanosravhers, in
Monaco.,

Second Sess1on, Mondgx afternoon

The chaxrman ‘FaAve the neetznp a: descr1pt1on of the anuaratus for
Aeterminatinn of absolute conductivity; which'is at nresent under
construction at the N,I.0. It is hored to start trials with this
anparatus within the next month, and if the first results are satisfactery,
to have the annaratus connlete earlv next vear.

The -pnaratus 1nvnlves a fused s11ica cell of knovn nhyslcal
dimensisns, in which are mounted-two. platinua electrodes, one fixed and
the other movable, The cell contains the solution under test in a .
thermostat at 15°C ¥ 0.0005°C. A transformer bridge commares the resistance
of the solution with- that 6f a standard: resistor. ~The movatle electrode
is then moved s known distance, and:the resistance again measured: The
change in resistance should te independent of electrode effects, and a true .
reasure of conductivity in absolute units. :
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The intention was firstly to use this annaratua tc¢ measure the
absolute conductivity of standard water P 31 at 15 °c. Measurements
would also be mnde at 15 %c and 25°C on other sea waters and sodium and
potassium chloride solutions. These measurerments should take only a few
veeks, after which the amparatus would be available for the calibration
of the standard sea water in conductivity, and for such studies as the
change in conductivity with time under various storase conditions.

Mr. Hermann reised the question of maintenance of the apnaratus,
pointing out that the Standard Sea Water Service had no access to skilled
electronic maintenance staff. He sugpested it would be better that the
anparatus be kept at the N.I.0., vhere such heln was available. The
chairman said the apnaratus vas beine desipmed and built to reduce
mgintenance to a minimum, and in case of major difficulties the N.I.O,
staff would be able to heln, It was decided, on the chairman's sugpestion,
trat Mr. Hermann should visit the N.I.0. durine the final tests and
measurements with the apmaratus, and that the questinn of the final
location of the apnaratus should then be agreed between Mr. Hermann and
Dr. Cox, who should then ask the committee to anvrove their decision.

The chairman save a brief account of measurements of refractive
index, which vere underwvay at N,I.0. A Jemin interferometer had Utzen
borroved from Oxford University, and wvas piving good results. It seemed
that with a 10 cm nath length it would be nossible to determine
differences in refrective index to a few units in the Tth decimal, which
would compare well with the precision of conductivity salinometers. The
determination of absolute refractive index was far more difficult, end
nrobably not possible to this precision; this difficulty did not, however,
affect the use of the method for salinity determination, using standard
sea vater as reference. Tables would be issued relating salinity to
refractive index anomaly, using standard water as referenc The N.I.O.
were using mercury green light (Wratten filter TTA, 5h6lA ) Dr. Rusby
has found it necessary to use a lowe-pover lamm and define the conditions,
as hish-nower light snurces cause frequency drift as they warm up.

Basic measurements are to be at 20° » With certain additional measurements
to see hov much refractive index anomaly changed with termmerature.

Third Session -~ Tuesday morning

The session started with the presentation of two naners:

1. Paner No,139, The bromide/chlorinity ratio of Baltic Waters,
by F. Koroleff. '

2. The sylghate content of Baltic Water and its relation to the
chlorinity, by B. Kwiecinski, nresented by S.H. Fonselius.
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The discussion on these interesting paners raised the important
auestion of the unique cormnnsitinn of Baltic Water. The chairman could
not promise that the relationshins comnuted at the N.I.0. would be valid
for the Baltic; so far, only samnles within the salinity range 30 - L42%,
hed been used for the compurations. It might nrove necessary to exploy
special tables for such areas. If the Baltic obserwvations were included,
all the evidence surpested that zero chlorinity and zero salinity would
not asree. This disagreement nresented nroblems when considering the
dilution of sea water by nure water, such as rain or snow; it was not
possible to provide a table applicable to both 51tuat10ns.

The committee undertook to bear in mind the special nroblem of the
Baltic oceanofraphers, and to cooperate with them in the presaration of
such tables as are anpronriate for this important region.

The cheirman and Dr. Culkin described certain nroblems which had
arisen in the letermination of chlorinity in the N.I.0. nrograrme.
Mr. Hermann had reneated a small number of chloririties, and his results
confirmed the susnicions of the N.I,0. that there were a few erroneous
results in the series. In view of the immortance attached to these
results, and to our understanding of the causes of variations in
chlorinity/conductivity retio, it has been decided to rereat all the
chlorinity determinations, also repeating the conductivity ratio on the
same tube of water.

This work is to be shered between Livermool University and N.I.O.,
and has already started. Of some 30 results so far available at N.I.O.,
the orieinal chlorinity was confirmed within ¥ 0..,02% in most cases, but
in some 4 semnles the new value was significantly nearer that commuted
from conductivity. On these 30 results alone, the root mean sauare
deviation between each chlorinity and the mean line has been reduced frorm
about 0.012% to 0.008% . Mr, Crease, who was superintending the cormmuter
work on the results, thought the effect of ithese new values on the existines
conductivity/chlorinity line would be quite neplipible; however, by
elinineting the small propartion of errors, the fit to the chemical
analysis shnuld be preatly irmroved.

The vnresent chlorinitv determinations are beins made by Dr. Culkin
and Dr. Orlando, at N.I.O., using a weipht burette/volumetric methcd.
An endroint meter desismed by Dr. Cox was used, in which dichloro-
fluorescein indicator caused a colour change observed by a photo-electric
system. This system was reliable, dbut. unfortunately not aquite sensitive
enough tc judge the endroint to within 0,001% . M:r., Hermann strongly
advocated a chanse to the electrode system which he favoured, where the
reference electrode was a silver wire inside the burette jet, the tin
of which was in the titrated solution. In discussion, several members
arreed that this system was more reliable than the mercurous sulnhate
reference electrode favoured by Dr, Riley. Mr, Hermann ~ffered to make
a set of electrodes for the N.I,0., which cffer was gratefully accevnted.




Fourth Session, Tuesday afternnon

The arenda for this final session covered the details and
distribution of new oceanorraphic tables. The chairman onened the
discussion by presentine the sample sheet of tables, in this case
relating relative conductivity to salinity (Appendix A). Members of
the cormittee had discussed details with Dr. Fedorov, and pronosed that:

1. The tables be issued as sinple sheets, suitable for
binding in a loose-leaf file, as this would facilitate
addition of further sheets as these became available,
or renlacement if necessary,

2. The sheet size should be 27 x 21 em (10} x 8 ins.).

3. When tsbles were prepared by comnuter, a direct photographic
reproduction of the print-out should be used, to avoid

type-settine errors.

L, The Office of Oceanogranhy, UNESCO, would be responsible
for nublication and distribution of the tebles.

A general Adiscussion followed, The nresentation and layout of the
sa'ple sheet received peneral anproval, the chairman pointing out that
to corresnond with the pronosed sheet size, a reduction of about 15%
in the size of the computer's print-out would be necessary. The
sheet vhich is given in Apnendix A is somewhat smaller than the size
proposed in (2) above. Besides, as follows from page 5, this sheet will
have to be re~calculated. The issue of sinple sheets was criticised
because of their tendency to tear. Lt. Cdr. Scott suprested it would be
better to issue each table as a booklet, without stiff covers, and
suitable for binding with others in a file cover. Others erphesized
that vhatever binding was adopted, the pages must oren and lie flat when
in use. Sinale sheets misht he better if suitably reinforced. Dr.
Fedorov undertook to consult with the UNESCO nublishing department on
these matters.

Dr, Fedorov arreed that it would be appronriate to vrovide each
oceanographic institution with one free cony of the Tables, This -
would be a valuable step towards securine their peneral adontion. All
additional cories would have to be naid for either through a system of
subscription or by making it nossible te nurchase individual tables or
sheets as renlacements or for special purnoses,

It vas apgreed that the conductivity ratin/salinity table at 15°
should be distributed first, as it was urpently wanted to resolve problems
of salinometer calibration. This should be available within a few wveeks,
Professor Kullenberg thourht that expense could be reduced bv nrintine
nne less decimal of conductivity, with an internolation table for the
last nlace; however, several users of salinometers disapreed strongly,
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and it was decided to nroceed with the full table. There was discussion
on the use of such a table with non-thermostat salinometers, such as the
Auto-lab and Hytech instruments, for which the present tables are
cormuted to be correct at 22,5°, The chairman said there would be no
difficulty in comnutine tables of conductivity ratio tn selinity anrlic-
eble to any desired temperature. However, it was doubtful if this was
strictly necessary. Whatever tables were used with a non-thermostat
meter, second-order corrections would be necessary if the samples varied
much in termerature, unless the salinity was very close to 35% . These
corrections were, however, minimised by cormuting the table for the mean
workine terperature. 22.5° was too high for most Eurcnean laboratories,
but was a compronise between temmerate and tronical ranges. The 15°
tables wes perfectly valid for use with such salinometers, nroviding the
annronriate correctinns were made for orerating temnerature, and a suitable
correcticn table would be commputed. The corrections would, however, be
about four times greaster when working at 25° than with the nresent tebles.
Some workers in warm regions had found that they could leritimately
disregard these small corrections, but with a 15° table this might no
lonper be possible. If there was a sufficient demand for a "tropical”
table, the cormittee would consider nroviding it,

Prcbably the next most immortant tables are those for commuting
density. The meeting favoured a table for comvutinp'dt (snecific pravity
anomaly) from termerature and salinity. The form of this table, and of
tables for specific volume anomaly, was not decided; it was sureested
that samnle sheets of existing tables should be circulated, and corments
requested from oceanosranhers. A selection of such samnle sheets is
apnended (Apmendix C).

Tables so far suppested for the geries are listed below:

1a. Conductivity ratin/salinity at 15°.

1b. Conductivity ratin, variation with temnerature and salinity.
lc. Conductivity variation with pressure (depth).

2a. Snecific pravity anomaly (&) from T and S,

2b. Specific volume anomaly variation with pressure.

(The details of group 2 to be decided after further Aiscussion).

3a. Refractive index anomaly at 20°, sL61A°, to salinitv.

3b. Refractive index anomaly, variation with termmerature and selinity.
4, Velocity of sound, fron T, S, P.

5. Adiabatic exnansion correction, for insulated water bottles.

6. Potential tempsrature, from T, P, S.

7. Snecific heat, from T, S.

The Cormittee would welccme supgestions for additions or modificaticns
to this list, as well as supgestions on the most convenient format of the
various tables, in narticular the snecific gravity and snecific volume
tables., Sugpestions can be sent to any member of the Committee, or.to the
Director, Office of Oceanopranhy, UNESCO, As work on the t?bles will
start very soon, supgestions should be made as early as nossible.

Prepared by
Roland A. Cox.



Adppendix A. Sample sheet of proposed new tables.

Relative Conductivity —Salinity 34-91—35-11 900

° 3 3 3 4 5 é 7 b 9
0.99 Bo 34 915 916 916 917 917 917 918 918 919 g1y
8 939 930 920 931 93t 93t 933 933 923 Ga3}
8a 933 934 934 934 935 935 936 36 926 517
83 937 928 928 938 939 939 930 ¢30 930 93
8q 931 932 932 933 933 933 933 934 934 935
8s 935 935 936 936 937 937 937 938 938 439
86 939 939 940 940 941 941 941 943 943 G432
87 943 943 944 944 944 945 945 946 946 g4l
88 947 947 948 948 948 949 949 950 gSo ygso
8o 954 951 951 953 953 953 953 953 954 9S4
0.99 90 955 955 955 956 956 957 957 957 958 g8
91 959 959 659 960 960 961 961 61 g6z gés
93 962 963 963 964 964 964 965 965 66 g6
93 966 967 967 968 968 968 s6g 965 970 §70o
94 970 97+ 971 97+ 973 972 973 973 973 974
95 974 975 975 975 976 976 977 977 977 $716
96 978 979 679 979 980 980 ¢8: 98: 981 983
97 982 983 983 983 984 984 984 985 ¢85 86
98 986 986 987 987 988 988 988 g8y 989 ggo
$9 990 990 991 991 991 993 993 993 993 993
1.00 o0 994 994 995 995 995 996 656 597 997 597
o1 998 998 999 399 96 ©CO ©QO ©QO:L ©O03 ©O1%
03 35. 002 Q02 oC €03 003 004 00 4 004 S0 5 0§
03 006 o006 o006 o007 o007 o008 o008 008 00y 009
04 010 010 010 ©131 ©O31 ©O11 013 0012 o033 ©O13
-3 013 014 ©O14 O015 015 ©015 016 o016 o017 017
ob 017 o018 o018 o019 019 019 ©30 030 031 ©3:
07 031 032 ©33 ©33 033 ©3a3 O34 O34 ©34 035
o8 0as o036 o026 0abéb o037 o037 o038 o028 o038 o039
09 ©ag ©030 ©30 030 ©3% ©31 ©031 033 033 ©33
100 10 ©33 033 034 034 035 035 035 036 036 o379
11 037 ©037 o038 038 039 039 ©039 040 040 0O4:
13 041 043 043 ©043 043 ©O43 043 044 044 044
13 045 045 046 046 046 047 047 048 048 048
14 049 049 ©050 ©0SO OS50 OS54 ©051 ©051 053 053
£5 053 053 053 054 0S4 OS5 055 ©O55 o056 o356
16 057 057 o057 o058 o058 o059 o059 ©59 obo o6bo
17 063 o061 o0b6s1 o062 063 063 o063 063 o064 o064
18 064 o065 o065 066 066 066 o067 o067 068 o068
i9 068 069 o06g 070 0970 ©70 ©071 ©07% 073 073
1400 30 073 073 073 073 ©74 074 075 075 075 076
a3 076 077 ©77 ©97 o078 078 o079 o079 o079 o8o
33 080 o081 o081 o081 o083 o083 oba o083 ofZ2 o84
a3 o84 o084 o085 o085 086 086 o086 o087 o087 o088
24 088 o088 o8g o089 o090 090 090 091 ©091 093
a3 093 092 093 093 093 094 094 095 095 095
a6 096 096 o097 097 o097 o098 o098 o099 099 099
327 100 100 101 301 3063 103 303 1032 103 103
28 104 304 104 105 105 106 166 306 107 1&7

a9 108 3108 108 109 109 110 1310 110 131 31



Apnendix B

Cory of letter from the Committee on Oceanoararhic Tables and Standsrds
to the International Bureau of Weights and Measures, and of the reply
received from the Director of the Buresu.

"

AVS/9/11LB 8 October 1064

Dear Sir,

The joint cormittee of exmerts on oceanorranhic tables and
standards (which is armointed jointly by UNESCO, ICES, SCOR and IAPO)*
has been considering the problems inherent in the determination of the
density of sea water. This is normally comnuted from meesurements of
temmerature, salinitg and nressure, and is todav comrmonly renorted to a
nrecision of 1 in 10°,

The oceanogsranhic tables are based on measurements of specific
pravity referred to an undefined "nure water". As you are, of course,
aware, the density of nure water varies somewhat, denendine on its
isotopic comrosition, which varies both with source and treatment.

Oceanoeranhers would like to renort their density values in terms
of the granm end centimetre and I am sure the Bureau would wish us to do
this. Before this can be dcne, however, we would need reference water of
known density. In order that this standard could be renroduced, its
isotonic commosition should also be defined,

We should be prateful if the Bureau would advise us or any work,
either in mropress or contermplated, which would assist us in this aim.
This Cormittee would be hapny to cooperate with any international or
national organisation which is working in this field.

foo

Mr. Jean Terrien

Director,

International Bureau of Weights & Measures
avillon de Breteuil

SEVRES (Seine et 0Nise)

# ICES = International Council for the Exnloration of the Sea
SCOR = Scientific Cormmittee on Oceanic Research
TAPO = Internationel Association of Physical Oceanogravhy
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Dr. Fedorov, Director of the Office of Oceanorranhy, Unesco,
would be happy trn rrovide further information on our rroblems, sho:ild
the Bureau so wish, and could serve as a liaison between the Bureau and
our Committee.

On behalf of the Cormittee,

(Spd.) K.N, Fedorov
Director
Office of Oceanorraphy, Unesco

cc: Prof., D,E. Carritt, IAPO
Dr. R.A. Cox, ICES
Prof.Dr. G. Dietrich, SCOR
Dr. N.P. Fofonoff, IAPO
Dr. G.N. Ivarnov-Frantzkevich, UNESCO
Dr. Y. Miyake, SCOR
Dr. F. Hermann, ICES
Dr. 0. Saelen, ICES "



. -3- Apperdix B
BUREAU INTERNATIONAL Pavillon de Breteuil

DES Sdvres (S. & 0.) France
POIDS & MESURES

Jb/Co 21 octobre 1964

Monsieur K.N. Fedorov
Directeur

Bureau d80céanographie
U.N.E.S.C.O.

Place de Fontenoy
PARIS (T7e)

Monsieur,

Nous avons pris connaissance de votre lettre
AVS/9/114B du 8 octobre 1964, relative & la masse volumique
de l'eau de mer.

la détermination préalable de la masse volumique
d'une eau pure de composition isotopique connue n'a pas été
faite et n'est pas en cours ni au Bureau International des
Poids et Mesures, ni ailleurs & notre connaissance. Si une
étude .aussi importante était entreprise par un organisme
possédant tout ou partie des moyens néceesaires, il est
possible que le Comité International des Poids et Mesures
autorise 1'exécution totale ou partielle dews travaux au
B.I.P.M.

Je vous signale, pour le cas ou vous ne le sauriez pas,
que Mr, MENACHE, 2 1'Institut Océanographique (MED 34-46),
s'est déja beaucoup occupé de questions analogues.

Veuillez agréer, Monsieur, 1l'expression de ma
considération distinguée.

Le Directeur

(Signé) J. Terrien "



: Annendix C

SAMPLES OF TABLES FOR SPECIFIC GRAVITY AND SPECIFIC VOLUME

Following are sample sheets from seven sets of teables for
deriving sipgma~t from sallnlty and temperature, in some cases
through an intermediate stage of sigma-0 or rho-17.5. There
is also one example of & reverse table (salinity from simma-t)
end three samnmles of specific volume tables from salinity
temperature and pressure.

Ve vbuld like potential:userS'of such tables to consider
seriously,whiqh tyne of tables they would prefer, and if annroori:te
suggest compromises or»modifications of the format given here.

In the neadings to each sample an estimate is. given
of the number of sheets-of flgures whlch would be needed to cover
the salinity range 30 to 42°/,5. ~This does not necessarily
imply that we should not include tables for lower or higher
sa11n1t1es, but this is the range of greatest interest to most
oceanographers, and 1n1tlally it is pronosed to concentrate on -

thls ranpe.'

_ Comments;or supgestions reparding these or other tables
should be sent to any member of : the C¢mmittee:on ceeanopranhic
tables énd standards, or t0~the‘Office“ofLOceanopranhy, UNESCO,

The Edltors apologlse for the rather pool quality of
reproduction of the sample- tables in this annex as double
copying was involved in its process. The Editors hope,
however, that it will not create inconvenience since these
sample tables are not meant for actual use.



Appendix C/A

Two stages,

salinity to
to sigma-t.

Knudsen's hydrographical tables.
sigma-Q0, sigma-0 and temperature

8 sheets + 4 sheets

l a ) % F17.:2 a S % Pus

l . 33 | 2758 | 26.22 | 1950 | 35.23 | 28.31 | 26.01

19.8(1) 3‘.34 .60 .23 .ol 25 .32 .92

02 .36 .61 .24 .92 .26 34 .94

? .38 .63 .26 a3 .28 ) .95

40 .64 .2 o4 .30 37 .96

42 .65 .29 .35 .32 .38 .98

43 .67 .30 .96 .34 .40 .99
'S .68 .31 57 .35 1 27.01 ¢

.70 .33 o8 .37 .43 .02

.71 } .H .99 .39 .44 .03

73 | 26.36 | 19.60 | 35.41 | 28.46 | 27.05

™4 .37 .61 A3 A7 .06

.33 .62 .44 .48 .07

.40 .63 .46 ) .09

.41 .04 .8 .5l .10

12 63 .50 .53 .12

.66 52 o .13

.67 53 ) 4

.68 0 57 .16

69 o7 .99 A7

? 35.59 28.60 a7.19

o1 == ay—D +61 .62 .20

.62 .63 .21

i S Ol b4 +23

i e ae a as as o G | O as ao e. 56 .66 <24

{=0-00{=0"10| =020 | =980 | =40 | —9°30 | =960 | —970 | ~--0 | =0-90 |10, “67 *2s

="p=! p= = = | D= | D= — _ =|D=|D=1|_L ?g 3;

—2°; 009, 008) 008/ 008 008| 008/ 008| 008{ 008| 008 008| o0n 72 .30

—1°" 03/ o03) 03 03| 03] 03! o3| 03| o3| 03| o3| o3| 373;

0°f 000/ 000| 000| C0Of 000| 000| 0CO| 000 000 000| 000| 000| 0ir T

19— 02— 02/— 02— 02— 02— 0/—01|— 01|~ 01— o01|—o01]— 01 ]|— o1 .35

20— 02/ — 02/— 02— 02— 02— 01 |— 01|— 01— 01]— 01— 01| 01|_ o1 %

8,—o0y o o of of o oo | o[ o a| a| al| .
< 02 03 03 03 03 03} .03 04) o4 04 4 04 .04 05

3°) 007 007 007 007T| 008 GORJ| 008| 00B| 008 009| 009( 009] c08] 009! o
6, 18] 13} 131 13} 13| 4| 14| 14| | 150 1| 15 158 16| ¢
e ™ o .l o | auf ul 2| ml e < T T S S
NP M0 20 2, 291 ] ¥, D, H A m; @ DBy 2] 3
9 333 38i 39 I | W 0 40, 0 | n o |4 s BRI




Appendix C/B

Zhubov & Czihirin. Oce=nological Tables. Moscow, 1940
Salinity to rho-17.5. [(see last sheet- identical with
¥nmadsen's tahles)

Rho-17.5 and temperature to sigma-t.

8 sheets + 17 sheets.

T. 10. Correction E fer the conditional demsity

o = ppys—R

O
\ 20.0|20.2|20.4 (2.6 2.8 2.0 21.2{2:.4 21.6[21.8 | 2.0
Pr11en
0.00]1.77 | 1.83 | 1.87 | 1.91 | 1.96 | 1.93 | 2.02 [ 2.07 | 2.11 | 2.16 | 2.20
100 78] 83| s7| 9| 95 99| los| o8| 13l 17| S22
2.00] ‘v 83| 87| 92| ‘96 |200| 05| 00| 15| 18| 53
300 79| Bs| e8| 92| 97| | 08| ol ‘1| 20| %%
300] 80| 85| 89| 93| o8| lo2| 7| 11| 16| 2
500l 81| 85| 0! 01| 95! 03| .08{ 13| 7] 2| %
6.00 .82 .86 91 951 2.00 04 .09 .14 .18 .23 .28
7.00] 82| 87| 92| 95| on| o5 | Cis| 19| 24| %
goo| 83| 88| 92| 97| o 06| 1| T16! 20| 25! ‘%o
9.00| sa| 88| w3 e8| w2 07| 2| ‘16| 21 36| 3
10.00]1.8¢ | 1.80 | 1.94 | 1.99 | 2.03 | 2.08 | 2.13 | 2.17 | 2.22 | 2.97 | 2.3
1.00] 85 .wo| ws| 99| o] 0o i3] 18| “23 | “28 | <33
12.00] 86| vo| 95{200] os| 00| 13| o] 28] 9| 3
13000 86| 91| 96| 01 06| 20| 15| 20| 25| 30| 35
14.00] 87| 92| o7| o loe| v i 2| 2| 3| 3
15.00 @ o] 2] o] a2 ! »f | 32| a7
16.00] +8| o3| o8| 03| 08| 13| [ s| x| 28] 33| 38
1i7.00] 89| os| joo| al ool 1| v, 3% 29| 34| 39
18.00 89 Al .99 O8] .09 18 0 25 3 35 40
.00 vol| es{200] 05| (o] sl a{ 26| 3| %] 42
22.00]1.91 | 1.96 | 2.01 | 2.06 | 2.11 | 2.16 | 2.21 | 2.27 | 2.32 | 2.37 | 2.3
STt TR s 2 Bt 3 e A DS T B 1 A B T - Y 1 et L
20| 02| Jo1] 02| 07| 2| sl 23| 1w 38| | 6
23.w .93 -* .03 0‘ Q's 019 -3" .29 » .‘o .‘6
24.00] 93] 99l 04| ‘ool 14| (2] 55| 30 38l al &7
25.00] va| 99| 05! 0] 5] 20 x| 3| 3] 2] 48
%.00] ‘s5|200]| 05| 11| 26| 2 32| 38| 3] 49
2700l 95| o1l o8| D2l 7| 2| sl 33| | «l D
00| 96! co2) 07| 2| 8| 23| | a1l ‘o] 45| 5
200 97| o2l o8] 3] 9] 28| | 3| nl el 52




Thus: Given 15.70°C and 36.47%e S.

Appendix C/ C

United States Hydrographic Office publication 619

Temperatnre nlus a linear correction from salinity to

sigme-t. Precision limited to abhout 0.02. 6 sheets

From table for Salinity 30.00 to 39.99%., enter column one

at lower limit of temperature interval (15.66)

obtain base

value in

column two

22.00

26.968952 (round to two decimal places)

f- factor
of column

three

.7680

last three
digits of -
given S,

6.47

ANSWER 26.97

DENSITY (o)
Salinity 30.00%/00 to 39.99%/e0

T. *C. o, f °T. °C. o, f | T °C oy f

25.65 | 19,40 27.0L | 18.98 | 28.32 | 18.56
.68 .33 .Oh .¥ .333 .gﬁ
071 o, 007 ® L L
.7& [ ] * .9 ] o
.81 35 | <7540 17 .93 .8 i1
5 §§ o3 n 28.51 | 18.50
] ® ) 3 ® ® [ ]
91 .32 .26 .90 | «7520 oSl A9
oSk 31 30 89 ST 18
«98 «30 33 .88 «60 L7

36 .87 .63 o6

26,01 | 19.29 39 86 66 U5
.glax «28 .ﬁé .g .gg .l‘g
® .27 [ ] ® ® [ ]
11 026 .hB 083 075 ohz "7510
1k 25 .78 olil
017 [ 3 27.5? 18.& 081 .ho
21 23 «55 .81 85 39
.2k .22 | <7530 .58 .30 .88 .38
27 21 .79 .91 .37

61




Kalle & Thorade. Tahellen und Tafeln fur die Dichte des
~Seewassers. (Hf?{“b‘,‘,,rﬁ;, 1940)

Aprendix C/D

Sigma-t from temperature and either salinity or chlorinity,
with interpolation tables.

Abhont 3b . sheets

Diclite = 1 + 0,001 o,. 39
: 24. 23, 22. Einschalttafeln
t , : A T —
s \ |20 |2]32 33 e af 3 aefee 30| €1 e 33 4.5 678 glo
7 , 1 6 0o o0 1 1 1
i6'°° 54 | 27 oo}71 742 12181 49 17184 [ so | 19,028 2l o 1 % 1 3 ; ; ;
I 55 | 2B o172 43 13|82 50 18|85 | 51 934 3 ¥ 1 1 2 2 2 2 3|
2 |s56|2901)72 43 13182 51 18|85 | 51 939 41 1 1 2 2 2 3 3 -+
1 2
3 |s7|3002f73 441483 521986 52| oas | |E| i 2 3 3 2 4 ¢
4 |57 [3002[73 44 1483 52 19§86 | 52 950 Il 2 2 3 4 4
s |s8|3to3lr4 45 15[84 5320087 (53| 056 ol 2 3 3§ °
6 | 59|3204f75 46 1685 54 21]88 | o4 961 ————
7 160[3305[76 47 17|86 55 22/89 | 55 967 1
8 61340677 48 18|87 56 23}00 | 56 972 - u
9 |62]3507{78 49 19|88 57 24{91 | 57 978
| 10 }6213507[78 49 19|88 57 2491 | 57 983
1 163]3608}79 50 20i89 5825192358 r’ ’
2 |64]3709 51 321 59 26}9 ég
Ab.1 S e
4 af 6o 27
S | 6538 11|82 g3 22|92 6r
6 | 66|39 13'[83 54 2392 Beispiel: _
7 | 6740 13f]¢L §s5 - Gegeben 8= 36,12%s; t=18,64"C; gesucht .
8 | 681} 41 14|85
9 | 69|42 15i° Aufldsung:
20 | 602 - Haupttafel: 36,12%; 18°............ 26,15
Diff. £.1%........ —25; Einachalttatel { = '3
N e , ) —A=
2 8 =125.99
a




Appendix C/ E

' > i - j -0 and temperature.
Matt I.C.E.S. 1932, Sigma~t from sigma
{iteg::gaed version of Fnudsen's tables (see sheet A).

alinity to sigma-0,8 sheets.
gigma-g and tempera%ure to sigma-t, 18 sheets.
INSTRUCTIONS FOR USING THE TABLES

These tables-are not to be used to caloulate D for temperatures lower than

—2°.00 C or higher ithan 33°.00 C.
1) If o is egxactly 0.00 or 28.00 the value of D can be taken from one of the

left hand pages 1, 3, 5 ... opposite a right hand page in which these values of

found.
" “Enmplo: o, = 0.00, t = 11°.23. By the tables on pages 11, 13, 17 or 23 D
is 0.27. This value is accurate to two decimal places for all temperatures from
11°.23 to 11°.32, but not for 11°.33.

Example: o, == 28.00, ¢t = 15°.46. By the tables on pages 33, 39, 49, or
63, D = 2.23 to two deciinal places. ] )

2) If o, is not exactly 0.00 or 28.00, take out the appropriste adjustment
from one of the right hand tables, add 't to the temperature and then find D from
the left hand table opposite. .

) Example: o, = 7p00 t = 12°.00. The adjustment is 2.40 by the table on
page 20, the adjusted temperature is 14°.40 and D is 0.66 by the table on page 19

opposite. .. -
P Example: o, = 7.08, ¢t = 12°.63. Interpolation is necessary for o, and for ¢. a,: 0.0 to 16.0
Exact interpolation gives 2.33 as the adjustment and D is 0.75. t: 16 10 2°8
176 11%7 1 1°8 1 1°9 1 200 | 224 | 222 | 228 | 205 | 205 | 206 | 205 2°8
081 00| 00, 00! 08] ea! 0s 08! 05 098] 00| o8] 00! 02
101021021 —02|—02]—03!—03 | 0.5 [—0.4 |04 |04 |05 |05 |03
-7 1.5 2 3 3 3 L] % 5 S 5 .6 8 7 7
W o3 & 4w s 5| &) s 7] 2! 8l-o9lon
151 &) 51 51 5F 6| 6| 7| 8| -0sl-09!—09|-10l 10
© D 3.0 € 51 6] 6] 9 8| 8l—09| 1010 |—14] 2] 3
35 S| &1 a1 9 sl—o09|—09|—10]| 4f 1| 2| 3| 3
o 1 a2 8 sleol10lae| 1| 2] 3| 3| |
—0.98| 0.07 4.5 S 8] 8l—o9l—t0l a4l 4l of 3| Xl 3| 6| 3
—0.86| 0.06} 58103 9 —09 —101 111212 |13 A —1.8 —1.7 |—18
—0.74 0.05 551—09|—09'—10! ] 2| 3| 3! = K I 1
—0.61| 0.04 60 }-~1.0,—10f 4] 2} 3] 3| & s 819 |21
—0.48  0.03 651 4} o) a2f 2] 3| 4| | —1.9 |—21| .2
—0.35| 0.02
0.0 101 4 4] a2l 3 4] k| 6| 4 20 2| 3
Y 750 21 2 3l &) 5| 5| 2] 8 40 3] 4
80 a3 ' 4l sI 6] 6| Bl-19 2 & 5
85 21 3 4 5] 6| 2] .9i—20 I 5| 6
301 31 & 5| 6] 3| sl-19 1 61 5] 9
51 31 &f 51 7] 8| 9l—20| 1 5| 6| 8
100 | 14|15/ —18|—17]—138 —1.96—2.08/— —2.55 —2.70—2485
10.5 A1 51 71 3)—19]—200 .48 25 65| .80/—2.90
11.0 S8t 77 sl—20! 100 20 38 75| .85|—3.00
1.5 6! .7' 8/—191 o 15 3ol 4o .80,—295) .19
H { i .
i2.0 61 7| 8|—20 1] .’u, 35 .50 .90"-3.00[ 15
12.5 T .19y of ol a5l Gl 55 —298l g0l o5
Bo| 3| sj—20] 4] 3 3 50, 60 —3.05 200 30
13.5 8 9 X ] 1 3| 40 55 .70 10(  .25( .40
1801 8i—19) 4] 2| 3] 45| o 75 15| 30/ .45
14.5 al—20f 2| 2 4 50 65 .80 | | 40 .55
150119281 —22{—23]—24'—208— 2853, 315330345360
155 {—191 0 2| 3] 5| 65 73 90 38| 50 65
Example: g, = 13.62 16. }—2.0 1 2 4 $ 70, .80 .95 30 48] . .75

observed temperature= 2°43
adjustment = —2°A3

adjusted temperaturs = —0°33
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"™ited States

Similar to nrevious sheet, but

of temperature,

variahles.

7 shents.

iiven to one

Appendix C/G

leas

Hydroyrraphic Office rublication 614.

accimal

80 that internrniation is needed in hoth

OCEANOGRAPHIC TABLES a3
Tasie X.—SIGMA-T FOR VALUES OF TEMPERATURE AND SBALINITY—Continued
Salinity, °/eo
Temperature, ® C.
30 31 32 33 34 a5 36 37 38
25.867 | 26.653 | 27.439 | 28.226 | 29.014 29. 802
25. 853 | 26. 639 | 27.425 | 28. 212 | 28. 999 26. 788
25.840 | 26.625 | 27. 411 | 28. 198 | 28. 985 29. 773
25.826 | 26.611 | 27.397 | 28. 183 | 28. 970 29. 758
25.812 | 26. 597 | 27. 383 | 28. 160 | 28. 955 29. 743
25 798 | 26. 583 | 27.368 | 28. 154 | 28. 940 29. 727
25. 784 | 26. 569 | 27. 353 | 28 139 | 28. 925 29. 712
25.770 | 26.554 | 27.339 | 28. 124 | 28. 910 29. 897
25.756 | 26. 530 | 27.324 | 28 109 | 28 895 29. 681
25. 741 | 26. 525 | 27.309 | 28 094 | 28 879 29. 665
25.727 | 26. 510 | 27. 204 | 28. 079 | 28. 864 29, €50
25.712 | 26. 485 | 27.279 | 28. 063 | 28. 848 29. 634
25. 697 | 26. 480 | 27. 264 | 28. 048 | 28. 832 29. 618
25. 682 | 26. 465 | 27. 248 | 28. 032 | 28. 817 29. 602
25. 667 | 26. 450 | 27. 233 | 28. 016 | 28 801 29. 586
25. 652 | 26. 434 | 27. 217 | 28. 001 | 28 785 29. 569
25. 637 | 26. 419 | 27.202 | 27. 985 | 28, 769 29. 553
25.622 | 26. 403 | 27. 186 | 27. 969 | 28. 752 29, 537
25.606 | 26.388 | 27. 170 | 27. 53 | 28. 736 29. 520
25.501 | 26.372 | 27. 154 | 27. 936 | 28. 720 29. 503
25 575 | 26.356 | 27. 138 | 27. 920 | 28. 703 29. 487
25. 559 | 26.340 | 27. 122 | 27. 904 | 28. 686 29. 470
25 544 | 26.324 | 27. 105 | 27. 887 | 28. 670 29. 453
25. 528 | 26.308 | 27.089 | 27.871 | 28. 653 29. 436
25.512 | 26.202 | 27.072 | 27.854 | 28 636 29. 418
25 495 | 26.275 | 27.056 | 27. 837 | 28. 619 29. 401
25.479 | 26. 259 | 27. 039 | 27. 820 | 28 602 29. 384
25. 463 | 26. 242 | 27. 022 | 27. 803 | 28. 584 29. 366
25 446 | 26, 226 | 37. 005 | 27. 786 | 28. 567 | 29. 349
25. 430 | 26.200 | 26. 988 | 27. 769 | 28. 549 | 29.331




Appendix c/h

“leming, in J. Marine Res, (1939) 2 a-]11,

reverase table of galinitv from sigma-t. TTeeful for enterine
sigma-t cnrves on S=T diagrama.

?2 sh=ets,

TABLE 1

TABLES FOR o«
Values of the salinity (°/,,) corresponding to unit values of #; and temperature

e —_—_——

?Ijnnp. a; 18.00

19.00 2000 21.00 2200 23.00 8,00 2500 26.00 2700 28.00 29.00 3000
~2°C.} 22.40 23.66 24.88 26.11 27.35 28.59 2082 31.06 32.29 33.52 34.75 3598 37.21
-1 22.40 23.64 24.88 26.12 27 36 2860 20.84 31.08 32.31 33.55 34.78 36.02 37.2G
g 22 .41 23.66 24.90 26.14 2739 28.63 20.87 31.11 32.36 33.60 348 3600 37.33
1 22.43 23.69 24.04 26.18 27.43 28.68 29.93 31.18 32.43 33.68 34.92 36.16 37.4]
2 22 48 23.73 24.99 26.24 27.50 28.76 80.01 31.26 32.51 33.76 3501 86.26 37.51
3 22.55 23.80 25.06 26.31 27.57 28.83 30.09 31.35 32.61 33.87 35.12 36.37 3762
4 22.62 23.88 2515 26.41 27.67 2893 30.19 31.46 32.72 33.99 35.25 38.50 37.75
5 22.72 23.98 25.25 26.52 2778 29005 30.32 31.59 32.86 34.13 35.39 3865 37.91
6 22.83 2410 2538 26.65 27.92 20.19 3047 31.74 33.01 34.27 3553 36.80 38.06
7 22.97 24.24 2552 2679 2807 29.35 30.62 31.90 33.17 34.44 3571 3698 38.25
8 23.12 24.40 25.67 26.95 28.23 20.52 30.79 32.07 33.35 34.63 359 37.18 3845
9 23.28 24.57 25.86 27.14 2842 2070 30.98 32.26 33.54 34.82 36.10 37.38 38.66
10+ 23.46 24.75 2604 27.32 28.61 2090 31.18 32.47 33.75 3504 36.32 37.60 33.88
11 23.66 24.95 26.24 27.53 28.82 30.11 31.40 3260 33.97 3528 36.55 37.83 39.11
12 23.88 25.16 26.46 27.75 2004 30.34 31.62 3202 34.22 355 36.79 38.08 39.36
13 24 .00 25.39 26.68 27.99 2020 30.50 31.88 33.18 34.47 3576 37.05 38.3¢ 39.62
14 24.33 25.63 26.94 2824 "N.54 30.84 32.14 3344 34.74 3604 37.33 38.62 39.91
15 24.59 25.80 27.20 28.50 9.8 31.10 32.41 33.71 35.01 36.31 37.61 38.90 40.19
16 24.85 26.16 27.47 28.78 30.08 31.30 32.70 34.00 35.30 36.60 37.81 39.21 40.50
17 25.14 20.45 27.75 2006 30.38 31.60 32.90 34.30 35.61 36.02 33.22 39.52 40.8i
18 25.43 26.75 28.06 20.38 30.60 32.00 33.31 34.62 3593 37.23 38.54 39.85 41.15
19 25.75 27.07 28.38 2069 31.01 32.33 33.64 34.05 36.26 37.57 3B 87 40.18 41.48
£0 26.07 27.30 28.71 3003 31.35 32.66 33.97 35290 36.60 37.01 39.22 40.53
21 26.40 27.72 20.04 30.37 31.60 33.01 34.33 35.64 36.05 38.26 30.58 40.89
22 26.75 28.07 2040 30.72 3205 33.37 34.60 36.00 §7.32 38.64 30.05 41.26
TABLE 11
INTERrOLATION TABLE POR FRACTIONAL VALUES OF
Salinity
difference- 0.1 0.2 0.3 0.4 0.6 0.6 0.7 0.8 0.9
1.22° 0.12°,, 0.24°,, 037°, 049°, 061°, 0.73°, 085°, 0.98°%, 1.10%,
1.23 o] 12 foe 25 " Y ST .62 74 86 ‘98 1.11
1.2} .12 .25 .37 .56 .62 74 .87 .99 1.12
1.25 12 .25 .38 .50 .62 .75 .88 1.00 1.12
1.28 .13 .25 .38 .50 .63 .76 .88 1.0% 1.13
1.27 .13 .25 .38 .51 .04 76 .89 1.02 1.14
1.28 13 .26 .38 .51 .04 77 .90 1.02 1.15
1.29 .13 .26 .39 .52 .64 .90 1.03 1.16
1.30 .13 .26 .39 .53 .65 78 .91 1.04 1.17
1.81 13 .26 .39 .52 .68 70 .92 1.05 1.18
1.52 13 .26 40 .83 .66 ki) .92 1.08 1.19
1.38 13 .27 40 .53 .06 80 .93 1.08 1.20
1.84 18 .27 40 .84 .07 .80 .04 1.07 1.21
1.8 14 .27 40 .54 .68 .81 .04 1.08 1.22
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Rierknes,

Abamt 12 large sheets.

Table 81 (continued from p. 74).—10%,;, , (ax,o,, = specific volume of sea-water of 35 e salinity and 0° C.

Hrdropgranhic tables,
and Moam npratnrp

Rasie *tahle of snecific volime - nressure
tahles for sq'lnlfv

/)n

sAafge size

Appendix C/I

Specific volume from S-1inity,

nlus @ix correction

, ftemreratnre ana m‘@qsura cnrmbinations.
our

perhans 20 shects.,

al standard pressure, expressed in mn*[tons).

Proes

Sca-pres- '
sf\‘e 0 10 } 20 30 40 50 6o 70 8 3]
{decibars). ) f
l e ‘
5000 95173 95169 95165 95161 95157 93154 95150 95140 093142 o931
5100 95134 95130 95127 95123 95119 95115 95111 95107 93103 95100
5200 05006 95092 95088 95084 95080 93077 95073 95 95063 95061
5300 95057 95054 95050 95046 95042 95038 95034 95031 95027 95023
5400 95019 95015 9SOLI 95008 - 95004 95000 94996 04992 4085
§500 04981 04077 04973 94969 04966 94962 4958 049 94050 94047
5600 04943 94939 094935 ggg 04028 ggg 04920 0491 912 94900
5700 94905 04901 94897 94800 04882 04878 74 04871
5800 04867 94863 04850 94Bis6 94852 94848 04844 94840 04837 04833
5000 94829 04825 94822 94818 94814 4810 94807 94803 04709 94795
6000 94791 94788 w% 04780 94776 094773 94760 765 94761 94758
6100 94754 94750 947 04743 94739 04735 94731 04728 94724 94720

Rasjc +able

Table 13 B.—10%- 8, (8,, = combined temperature-pressure correction in m*[ton to the specific volum.
of sea-walter).
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Appendix C/J

7ubov & Czihirin. Oceanological Tables, Moscow 1940

Specific volume from temperature, salinity and pressure. Basic table

from salinitv and temperature, with four correction tables. . .
Precision simd lar *o Bjerknes! table, but needs more- imterpolation in
the -ressure corrections. Probablv eagier to read.

nasic tahle 8 shects, Given at closer spacil
1 tediterranean or Red Sea.

nt covir ; i
hut dn nnt ¢cov t with only slight reduction.

yould fit anto our forma

ng in the dee)
Cgrrecticn taﬁles b shee

T. 14, Co-dmoul}spodnc volume of ocean waters

Basic Table

35.0 | 35.1 {35.2 | 35.3 | 35.4 | 35.5 ) 35.6 | 35.7 | 35.8 | 35.9 | 36.0 y
72.57 {12.49 [72.41 [72.33 [72.26 [72.19 |72.11 [72.08 |71.95 {71.87 |71.80 |—2.0
.57 .w 042 .33 .m . ‘9 . .tl 'm .%‘ . .u oal -l tg
s7f s w42 3l | ool lif o3| es| s | s
57| 50 42| 34| 22| 20 T12] o4l Ces| sl ml| 7
Q“ .5‘ .42 .3" -27 .20‘ ¢l2 .M o% '_ '.89 ..2 .G
58| 51| ‘43| 35| 28| 20| 12| o4f o8| ol 82l s
58| su| 43| 35| ‘a8 a1 3] os| oe| sl s2| %
591 52 .43] 35| 28| ‘a| i3] los| lo7]| leo| a3l 3
50| s2] as] (as| 20| m| 3] os| o7 ‘oof sl 2
59| 52| a1l 36| 29| 2] J14] 06! e8! ‘el ‘sl 1
72.60 [72.52 {72.45(72.36 |72.20 {12.22 [72.14 |72.06 {71.98 |71.91 l71.84 |<1.0
£ e e e i 3 L8 ok i~ - e 1 g ] i

T. 18, Correction (30) to specific volume for tempersture and pressure
Upts = Ut +Bp 4 B1p +2sp + Usp

Sample of correction table

0 | 12 [ 14|16 ] 18] 2 | 2|2 |2]|2/2 7
| .

ol o}l ol of o} o ol of of o]l o] o

©0.020.03 | 0,03 [ 0.03 [ 0.03 | 0.03 | 0.04 | 0.04 | 0.04 | 0.04 | 0.04 | 100
.0‘ 005 .05 - ow i ow; 001 .07 .084 ‘.m : .m .Lm ’ m

071 .08] .08] .09 10| 10} .| cr| fi2f 2| 3] o

09 0] ] a2 a3f 4] 5| oas| 6] 6| .17 | 400

0.11 10.12 {0.14|0.15 | 0.16 | 0.17 [ 0.18 | 0.19 | 0.20 | 0.20 | 0.21 | 500
AL asf ar| s 2o | 2] 23| 24| 24| .25] 600}

S| 7| oa9f 2rf 23 a4 25| 26| 27} (28| .29 700

arf o 2| 24| 26| 27| 29 0} 31| 32| .33] 800

A9F 2201 98 27 2 n kR 4 a8 =® a7 | onn

n water range,

8.



Appendix C/K

Fofonoff & Froese, Tables of Phvsical Properties of Sea Water.
(Misheries fes. Bd. of Canada I\'anvmcrlnf report No. 24, 14Y498)

Specific volume at fairly wide intervals of temperature, salinity
and nressure, with derivatives for interpolation. ')esigned {or
nse with PLPch'om_c comnmuter, rather tnan ror the occasiona

individual ohservation. 25 large sheets, prohably 40 on our formst.

units in every case are:

temperature t° C or T* Absolute
Salinity S %
pressure p decibars.

In Table 1, the specific volume o is tabulated as well as the
derivatives d, = %% , ds = #S' y B = ?7%5_ , Jss = ;;%‘- ,
3
and dgp = 33%3‘ + The temperatures t and salinities S have been scaled
by 102, the o 's by 109, and all derivatives by 1010, The truncation
errors in d, are -2 in the fifth figure; in dy , ~ 2 in the sixth

figure; the last two figures in the second derivatives are not signifi-

cant.
Table 1 (cont'd). Specific volume, & , and derivatives of ot .
S = 3‘4.00 P = 03000
t Ay og det dss dst
o moma wwp omme mboom o

0200 0960687331 116252  ~T16L4403 09hk585 005513 019981
okoo 0960989068 1598661 -T126005 088065 ooligsh 018440
0600 0961326053 1769131  -TO90643 082552 oolli33 016940
0800 0961696105 1929681  -T7058205 078082 004023 015506
1000  0962007hih 2082050 «T028584 otk37s 003706  oiknk

S = 3500 P = 03000

-0200 0959475808 1029074  -T2lk148 110678 - 006388 022868
0000 0959703160 1241019  -T200045 101495 005699 021252
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