
• I 

Ma sic 
x 
GC 
l 
• W66 
no.34 

.., 
• 

I 

• -• 
Calibration and CTD intercomparison 
for the Long Island Sound Study 1989 

H. Bokuniewicz, R. Muller and J. Salerno 
Marine Sciences Research Center 
State University of New York 

Stony Brook, New York 11794-sooo 

I 



State University of New York 

Stony Brook 
LIBRARIES 

• 

• 

• 

• 

• • 

• • 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

MARINE SCIENCES RESEARCH CENTER 

STATE UNIVERS ITY OF NEW YORK 

STONY BROOK, NEW YORK 1 1 7 9 4 - 5 0 0 0  

Calibration and CTD intercomparison 
for the Long I s land Sound Study 1 9 8 9  

H. Bokun iewicz, R .  Mul ler and J .  S alerno 
Marine Sciences Research Center 

State University o f  New York 
Stony Brook, New York 1 1 7 9 4 - 5 0 0 0  

Thi s  work was supported by the U . S .  EPA and conducted 
in cooperation with the Marine Science I nstitute o f  
the University o f  Connecticut . We were fortunate to 
have been abl e  to col l aborate with Dr . W .  Frank Bohlen 
a nd Mr . David Cohen . 

Working Paper #34 
Reference #89-6 

Approved for Distribut i on 

J. R .  Schubel, 
August 1989 



• 

• 

• 

• 

• 

• 

• • 

• 

INTRODUCTION 

Beg inning i n  Apri l  1988, CTD cru i ses were conducted in 
western Long Is l and Sound under the EPA Nat i onal Estuary 
Program ' s  Long Is l and Sound Study . An App l ied Microsystem (AMS ) 
CTD Model STD 1 2  was used . At the same time, cru ises were also 
conducted in the eastern Sound by the Ma rine Sciences Inst itute 
of the Univers ity of Connect icut us ing a S eab i rd Seacat Model 
S BE 19 CTD . After June, 1989 some supplemental cru i ses were also 
run i n  the western Sound by the Marine Sciences Research Center 
using a S eab i rd S eacat Model S BE 19  CTD . The results of an 
intercomparison done among these three instruments a re presented 
in thi s  report . 

METHOD 

I n  the western Sound the i nstrument rout inely would be 
l owered to the sea fl oor together with a water-bottl e  rosette . 
The package would then be brought to the surface stopp i ng to 
record CTD data and to take water samples every 2 meters . The 
ent ire cast typica l ly takes 2 0  to 3 0  minutes . The Seacat wa s 
l owered to the bottom at a speed o f  about one meter per second 
and recorded twice every second . The calibration data for both of 
these instruments is included in the append ices ( I  and I I ) .  
Between August 1986 and Apri l  1987,  data was taken with a Martek 
Model Mark VI. This instrument was not included in the 
intercomparison but its cal ibrat ion data is appended to an MSRC 
Speci a l  Report by Zimmerman and Bokun iewicz ( 1 989,  i n  
preparat ion) . 

The intercal ibrat ion was done o f f  the R/V UCONN i n  the 
eastern Sound at approximately 4 1° 1 7 ' 3 0" N; 12 ° 01' 50" w on 
8 June, 1989. The water depth was about 2 6  m .  Al l i nstruments 
were lowered 1 meter below the surface and allowed to equi librate 
for two minutes . The continuous casts were done at speeds of one 
meter per second . After the f i rst cast all instruments were 
lowered on the same wire . Five comparable casts were done as 
follows: 

TIME CAST 
BEGAN 
( E DT) 

1 0 3 0  

MSRC 
SEACAT 

suoo 

MSRC 
AMS 

CAST 1 

1 

UCONN 
SEACAT 

FISlA 

COMMENTS 

SUNY ' s  SEACAT and AMS was 
lowered with the rosette at 
about lm/s and came up slow 
stopp ing every 2m . UCONN's 
SEACAT went down on a separate 
line at lm/s and came up lm/s. 



SU0 2 

1118 SU0 4  CAST 2 

FIS 2A 

FIS 2 B  

Both S EACATS together o n  rosette, 
down at lm/s and up at lm/s . 

All instruments together on one 
line, down at lm/s, up s l owly 

• 

stopping every 2 m .  e 

1 2 0 0  SU0 5 CAST 3 

1 2 3 5  SU0 6 CAST 4 

FIS 3 A  

FIS 4 A  

RESULTS 

Al l together on one l ine, down 
and up at lm/s, 5 t imes . 

Al l together, down and up at 
lm/s . 

I ndividual salinity profiles recorded by a l l  instruments are 
shown i n  Figures 1 through 18 and the temperature pro f i l e s  in  
Figures 19  through 3 6 . ( The set of Figures 1 through 48 a re 
reproduced as  Appendix I I I  to th i s  report and, for economy, only 
representat ive examples wi l l  be inserted in the ma in text as 
needed . ) The water column was we l l  mixed ( e . g . ,  Figure 3A)  with 
sal init ies of about 2 9 . 6  parts per thousand ( ppt ) and a 
temperature o f  about 13 °c ( e . g . ,  F igure 2 1A )  

During the s imultaneous tests the pressure recorded b y  the 
AMS at the bottom averaged 1 1% higher than that recorded by 
SUNY ' s  Seacat and 9% higher than that recorded by UCONN ' s  Seacat . 
For these comparisons, there fore, a correction of 1 0% was appl ied 
to the AMS ' s  pressure data . 

Whenever two measurements were made on separate instruments 
simultaneously a nd within 0 . 1 m of each other, the differences in 
the measurements were pl otted . Sal inity differences a re shown in 
F igures 3 7  to 4 2  and temperature d i fferences in Figures 4 3  
through 4 8  ( Appendix IV). Both temperature and sal inity 
di ferences are also presented as histograms in Figures 4 9  to 6 0 . 
There was no substantial di fference between upcast and downcast 
compari sons . The sal inity d i f ferences were general l y  within 0 . 0 5 
ppt . Between the AMS and UCONN ' s  Seacat, a sal inity difference 
was 0 . 0 1 ppt on the downcast ( Figure 4 9 )  and 0 . 0 2 ppt on the 
upcast ( Figure 50 ) were observed most frequently with the Seacat 
record ing higher sal inities . Larger di fferences ( 0 . 0 5 to 0 . 1 0 
ppt ) with the AMS recording higher sal inities were found on the 
cast in wh ich the instruments were l owered on different wires . 
The sali nity comparison between the AMS and SUNY ' s  Seacat showed 
a difference of 0 . 02 ppt ( Figures 51 and 5 2 ) most frequently with 
measurements from the AMS always be ing lower than that.of the 
Seacat wnen the two instruments were downca st on s eparate l ines . 
These measurements appear as a cluster between + 0 . 0 3 and + 0 . 06 
ppt in Figure 5 1  . .  On the upca sts, the AMS cons istently recorded 
l ower sal inities than SUNY ' s  Seacat and differences larger than 
0 . 04 ppt were on ly recorded when the instruments were operated on 
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sepa rate l ines . A greater number o f  intercomparisons were 
ava i l ab l e  between the two Seacats so the resolut ion is not 
comparabl e  to compariusons made with the AMS . The differences 
between the two S eacata are in Figures 53 and 54. Differences 
between the two Seacats were most frequenlty 0.02 ppt with 
UCONN ' s  S eacat record ing sl ightly l ower sal inities than the 
SUNY ' s  S eacat . Differences greater than 0.05 ppt were only found 
when the instruments were l owed on separate wires . The 
temperature differences were general ly with i n  0.03 degrees with a 
mode of zero ( Figures 55 to 60). The l a rger d if ferencea were 
primari l y  attributable to those casts on wh ich the instruments 
were lowered on separate wires • 
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Figure 49 Histogram of the salin ity differences between the AMS e 
and UCONN ' s  S eacat on the downcasts . 
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F igure 51 Hi stogram of the s a l inity differences between the AMS 
and SUNY ' s  Seacat on the downcasts . 
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Figure 52 Histogram of the salinity differences between the AMS 
and SUNY ' s  S eacat on the upcasts . 
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Figure 53 Histogram o f  the salinity differences between UCONN's 
Seacat a nd SUNY ' s  Seacat on the downcasts. 
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Fi gure 54 Histogram of the s a l inity differences between UCONN's 
Seacat and SUNY ' s  Seacat on the upcasts. 
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Figure 5 5  Histogram o f  the temperature dif ferences between the 
AMS and UCONN ' s  Seacat on the downcasts . 
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Figure 56 Histogram o f  the temperature differences between the 
AMs and UCONN ' s  S eacat on the upcasts . 
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Figure 57 Histogram o f  the temperature dif ferences between 
the AMS and SUNY ' s  Seacat on the downc asts. 
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Figure 58 Histogram of the temperature diffe rences between the 
AMS and SUNY ' s  Seacat on the upcasts . 
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F i gure 59 Histogram of the temperature d ifferences between 
UCONN ' s  S eacat and SUNY ' s  Seacat on the downcasts. 
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Figure 60 Histogram of the temperature difference s between 
UCONN ' s  Seacat and SUNY's Seacat on the upcasts . 
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P�PENDIX I 

ELECTRONICS AND OCEAN INSTRUMENT FACILITY 
MARINE SCIENCES RESEARCH CENTER 

STATE UNIVERSITY OF NEW YORK. STONY BROOK, NY 117 94 - 5000 

CALIBRATION REPORT 

INSTRUMENT: A pplied Microsy stems STD-12. 
SERIAL NUMBER: 487. 
USED FOR FIELD DATES BETWEEN: 4/4/88 until 3/21/89 . 
R EPORT DATE: 14 April 1989 . 

GENERAL INFORMATION 
Gen eralized Poly nomial Translation Equation: 

Pc=Ao+A1*Pr+A2*(Pr)2+A3*(Pr)• 
Pc= Translated parameter (corrected data). Pr= Observed parameter (reading or observed data). 
Ao. A1, A2, A3= constant calibration coef f icients. 

Wh ere: 

Calibration St andards : T em perature and conductivity calibrations were 
conduct ed in the MSRC high precision t em perature and conductivity calibration 
f acility. 

Tem pe�ature was m easured with a Ther•omet r ics Model S- 10 st andard th ermistor . 
S/N 554, and a General R adio Wheatston e bridge. A Hewlett Packard Model 2801A 
Quart z therm om et er was used as a secon dar¥ temperat ure st andard. Temperature 
was calcu lat ed t o  0.0 01 deg. C ,  with stability of bett er than 0.0 03 C and 
accuracy of better t han 0. 01 C. 

Sali ni ty was aeasured usin� a Guildline AutoSal salinometer calibrated with 
IAPSO standard "Copenhagen seawater. Calculat ions of salinity and nominal 
conductivity were aade using algorithms develo�ed by Dr. Donald W. Pri tchard 
that conform to t he st andard s set by t he Pract ical Sali ni t y  Scale of 1978 and 
the Universal Equation of State of Seawater of 1980 . The scale factor used to 
con vert between nominal conductivity and conductivity rat i o was 4 2. 9192 
mmho/cm f or seawater of salinity 35 at t emperature 15 C and atmosph eric 
pressure .. 
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AMS S T D - 1 2  c a l .  r ep o r t, S / N 4 8 7, 4 / 4 / 8 8 - 3 / 2 1 /8 9 ,  r ep o r t  4/1 4/8 9, p a g e  2 . 

PARAME TE R: Teaperature , degr ees cen tigrade . 
CALIBRATION DATE: 4 / 1 /8 8 .  

CALIBRATION DATA AND ANALYSIS 
STD- 12 Bath Calculated 

R eadin g Temperature Temperature 
14 007. 5 30. 011 30. 012 
174 07 2 5 . 03 2  25. 032 
20923 20 . 007 19. 995 
24 358 1 5. 01 3 15. 026 
276 98.5 9.988 9.996 
30809 5.02 7 5. 009 
336 89 0. 02 0 0.02 7 

Regression coef ficients : 

Error 
0 . 001 
0.000 

- 0. 012 
0. 013 
0.008 

-0.018 
0. 007 

A0= 5 . 49774 E +O l  A 1 =  - 2. 1956 0E-03 
A2= 3 . 8 5850E- 08 A3= - 6 . 47950E-13 

Th e standard error of the regression fit is 0. 012 1 degrees C. 

PARAME TE R :  Conductivity. m illi mho/centimeter. 
CALIBRATION DATE: 4 /1/88. 

CALIBRATION DATA AND ANALYSIS 
STD-12 Bath Calculated 

R eading Conduct ivit y Conductivity 
3342 2 4 6 .7 84 4 6 . 78 4  
31005 38.466 38 . 477 
2 9871 34. 444 34 . 4 08 
2 88 06 30 . 531 30. 580 
2773 6 26 . 82 2  2 6 . 7 92 
267 06 2 3. 2 53 23 . 26 0  

Error 
-0. 000 

0.011 
-0. 036 

0. 049 
-0. 030 

0 . 007 

R egression coef f icient s: 
A0= l. 554 08E+02 A1= - l . 94 204E -02 
A2= 7 .7 2 878E -07 As= -8 . 6 48 6 6 E-12 

The standard error of the regression fit is 0.0344 mmh o/cm. 

PARAME TE R :  Pressure. decibars. 
CALIBRATION DATE: Spr ing 1986 . 
NOTE: T o  minimize thermal offset effects inh erent i n  strain-gauge pressur e 
t ransducers such as used in t he STD-12, readings are f orced to zero at th e 
surface before each STD ca st by r ecalculating the Ao regression parameter . 
Th e data below reflect such recalculation. 

CALIBRATION DATA AND ANALYSIS 
STD-12 

Rdg 
20242 
20951 
21702 
2 3057 
24395 
2 5774 
286 6 2 
303 2 5  
32507 
34 32 8 

Test Calculated 
Pressure Pressure 

0 0. 004 
36 . 3115 36 . 6 38 
7 4. 7446 75. 4 42 

14 4. 1196 145.455 
212. 74 76 214. 590 
2 83 . 54 06 2 85. 843 
4 32. 6 56 6  43 5 . 06 6  
518. 8 356 520. 993 
6 3 2 . 23 3 6  6 3 3 . 737 
727. 3026 7 2 7. 8 2 8  

Regrei� ion coef f icients : 

E r ror 
0. 004 
0. 3 27 
0. 6 98 
1 . 3 36 
1 .  842 
2 . 3 02 
2 . 409 
2 . 157 
1. 503 
0 . 525 

AO = -1.045 90E+03 
A2 = O . OOOOOE+OO 

Al= 5 . 16700E-02 
A 3= O.OOOOOE+OO 

Th e standard err or of th e regression fit is 0. 753 de cibar. 

use : 

son . r . 
Inst rume n t  E ngine e r  
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ELECTRONICS AND OCEAN INSTRUMEN T F AC IL ITY 
MARINE SCIENCES RESEARC H C EN TER 

STATE UNIVERSITY OF NEW YORK. STONY BROOK, NY 11794-5000 

CALIBRATION REPORT 

INSTRUMENT: Applied Microsystems STD-12. 
SERIAL NUMBER: 487. 
USED FOR FIELD DATES BETWEEN: 3/21/89 until superceded. 
REPORT DATE: 14 April 1989. 

GENERAL INFORMATION 
Generalized Polynomial Translation Equation: 

Pc=Ao+A1*Pr+A2*CPr)2+As*CPr)3 

Pc= Translated parameter (corrected data). 
Pr= Observed parameter (reading or observed data). 
A0• A1, A2, As= constant calibration coefficients. 

Where: 

Calibration Standards: Temperature and conductivity calibrations were 
conducted in the MSRC high precision temperature and conductivity calibration 
facility. 

Temperature was measured with a Thermometrics Model S-10 standard thermistor. 
S/N 554, and a General Radio Wheatstone bridge. A Hewlett Packard Model 2801A 
Quartz thermometer was used as a secondary temperature standard. Temperature 
was calculated to 0.001 deg. C, with stability of better than 0.003 C and 
accuracy of better than 0.01 C. 

Salinity was aeasured usinW a Guildline AutoSal salinometer calibrated with 
IAPSO standard "Copenhagen seawater. Calculations of salinity and nominal 
conductivity were made using algorithms developed by Dr. Donald W. Pritchard 
that conform to the standards set by the Practical Salinity Scale of 1978 and 
the Universal Equation of State of Seawater of 1980. The scale factor used to 
convert between nominal conductivity and conductivity ratio was 42.9192 
amho/cm for seawater of salinity 35 at temperature 15 C and atmospheric 
pressure. 
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• 
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AMS S T D - 1 2  ca l .  r e p o r t , S / N  4 8 7 ,  3 / 2 1 / 89 - , r e p o r t  4 /14 / 89 , p a g e  2 . 

PARAME TER : Tem perature , degrees c entigrade . 
CAL IBRATION DATE : 3/21-2 2/8 9 .  

CALIBRA TION DA TA AND AN ALY SIS 
STD- 1 2  Ba th Ca l c ula t ed 

Reading Tem perature Temperat ure 
10778 3 4. 925 34 . 941 
14 041 2 9. 995 29. 957 
1742 6 2 4. 9 9 3  2 5. 013 
24390 14. 956 14 . 971 
2 772 5 9. 941 9 . 93 8 
3082 6 4. 988 4 . 96 5  
336 98 -0. 002 0. 011 

R egression c oef f ic ients : 

E rror 
0. 01 6 

- 0. 03 8 
0. 02 0 
0. 015 

-0 . 003 
- 0. 023 

0. 01 3 

A0 =  5 . 4 52 06 E+ O l  A 1 =  -2 . 13066E -03 
A2 = 3. 56 722 E -08 As= -6 . 06 76 0E-13 

The s t andard error of t he regression f it is 0 . 02 46 degrees C .  

PARAM E TE R: Conduct ivit y ,  m illi m ho/ c ent imeter. 
CA LIBRA TION DA TE : 3/2 1-22/89 

CAL I B RATION DAT A  AN D  AN ALYS I S  
STD- 1 2  Bat h Cal cul at ed 

R eading Conduc t ivit y Conduct ivity 
342 45 51. 092 51 . 103 
3303 7 4 6 . 8 05 4 6 . 7 8 0  
318 6 0  4 2 . 551 42. 557 
30705 38 . 3 93 3 8. 409 
295 80 3 4 . 36 3  34 . 36 7  
2 8 48 9  30 . 4 6 1  30.4 51 
2 74 58 2 6 . 76 4  26 . 756 
2 6 4 6 9  2 3 . 214 2 3 .2 21 

Err or 
0. 011 

- 0 . 025 
0. 006 
0 . 016 
0. 004 

- 0 . 010 
- 0 . 008 

0. 007 

• Regression c oef f icient s: 

• 

• 

• 

• 

A0 =  - 5.81994E+ O l  A1 = 2 . 2 4487E - 03 
A2= 4 . 4 1 7 4 0 E - 0 8  A s =  - 4. 82502E -13 

Th e st andard error of t h e  regression f it is 0. 0146 m mh o/c m .  

PARAM E TE R :  Pressur e ,  dec ibars . 
CA L I BRA TION DATE : Sp rin g 1986 . 
N OT E :  T o  minimize t h ermal of f set ef f ec ts inherent i n  s t ra in- gau ge pressure 
t ra nsduc ers su ch a s  used in t he STD- 12 . readings are f orc ed t o  zero at t h e  
surf ac e bef ore eac h STD cast by reca lc ulating t he Ao regression p ar amet er. 
Th e da t a  bel ow ref lec t such reca lculation . 

CAL !BRAT I ON DA TA A ND ANALYSIS 
STD-1 2 Test Ca lcula t ed 

Rdg Pres sure Pressure Error 
202 42 0 0. 004 0 . 004 
2 095 1 36 . 31 1 5  3 6 . 6 38 0. 32 7 
2 1 702 74 . 74 4 6  75 . 4 42 0. 6 98 
23 05 7 1 44 . 1 19 6  145 . 455 1. 33 6 
243 95 21 2 . 7476 2 14 . 59 0  1. 8 42 
25774 283 . 5406 2 85 . 8 43 2 . 302 
286 6 2  43 2 . 6 5 6 6  4 3 5 . 06 6  2 . 409 
303 2 5  518 . 8 3 5 6  52 0. 99 3 2 . 15 7  
32 5 07 6 3 2 . 23 3 6  6 3 3 . 73 7  1 . 503 
343 2 8  72 7. 302 6 72 7 . 82 8 0 . 525 

Regressi on coef f i c j en ts: 
AO = - l . 04 5 9 0E+ 03 Al = 5 . 1 6 700E- 0 2  
A2 = O . O O O O O E+ O O  A3 = 0 . 00000E + O O  

Th e standa rd error of th e re gressi on f i t  i s  0 . 75 3  de c ibar . 

A p�l �riu se o �1.£i1� . 
Thoma s k�!rson . J r . 
M S R C O c e a n  J n s t r u m P n t  F n c i n P P �  



AP P E N DI X  I I  

S E A - B I R D  E L E C T R O N I C S ,  I N C .  
1 80 8  1 36 tb Place N.E.,  Bellevue,  Wasbin&ton 9 8 0 0 5  
Telep h one: ( 2 0 6 )  643 - 9866 Telex: 2929 1 5  SBEI UR 

TEMPERATURE CALIBRATION DAT A 
CALIBRATION DA TE: 3- 3-89 

SENSOR SERIAL NUMBER • 226 

BATH TEMP INSTRUMENT FREQ INST TEMP 
( • C )  (Hz ) ( • C ) 

2 6 . 9 7 8 3  4 6 3 7 . 2 9 2 6 . 9 7 6 4  

1 8 . 8 6 2 9  3 9 4 2 . 2 4 1 8 . 8 6 3 3  

1 0 . 9 4 5 8  3 3 3 7 . 7 7 1 0 . 9 4 5 5  

3 . 0 7 5 5  2 8 0 4 . 4 6 3 . 0 7 5 1 
3 1 . 0 1 3 4  5 0 1 3 . 3 7 3 1 .  0 1 4 2 

2 3 . 0 1 4 8 4 2 8 8 . 1 1 2 3 . 0 1 6 0  

1 5 . 0 1 3 7  3 6 3 9 . 5 2 1 5 . 0 1 3 4 

7 . 0 0 6 1  3 0 6 2 . 7 3 7 . 0 0 6 5  

- 0 . 9 4 8 9  2 5 5 6 . 3 2 -0 . 9 4 8 8  

Temperature • l /(a + b{t.n(f /01 + c(t.n1(f /f)] + d(l.n3{f /OJ} - 273. 1 5  0 0 0 c·c> 
Residual • instrument temperature - bath temperature 

0 . 020 

0 . 0 1 0  

RES I DUAL 

(Degrees C)  
,... ai. al EB 
- a:i 1::1:1 " o . ooo 

EB 

· 0 . 0 1 0  

· 0 . 020 
· 5  0 5 1 0  1 5 25 30 

TEMPERATUltE CDearHS C )  

• 

• 

• 

RES IDUAL 

( • C ) 
• 

- 0 . 0 0 194 
0 . 0 0 0 4 0 

- 0 . 0 0 0 3 1 
-0. 0 0 0 3 7  

0 . 0007 5 
0 . 0 0 1 18 • - 0 . 0 0 0 2 7  
0 . 0 0 0 4 0 
0 . 0 0 0 1 4  

• 

EB 3 - 3 - 8 9  
• 

� • 

• 

35 

• 
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S E A - B I R D  E L E C T R O N I C S ,  I N C .  
1 80 8  1 36 t h  Place N . E . ,  Bellnu e ,  Wash i o i too 98005 
Telephone: (206 ) 643- 9866 Telex: 2929 1 5  SBEI UR 

CONDUCTIVITY CALIBRATION DAT A 
CALIBRATION DA TE: 3 - 3-89 

PSS 1 978:  C(35 , 1 S,O) • 4 .29 1 4  Siemens/meter 

SENSOR SERIAL NUMBER • 226 

• 

BATH TEMP BATH SAL BATH COND INST FREQ INST COND RES I DUAL 

• 
( 9 C ) ( 0  /oo) ( S iemens/m) ( kHz )  ( S iemens/m) ( S iemens/m ) 

2 6 . 9 7 8 3  1 5 . 1 5 4 0 2 . 5 9 1 3 6  7 . 7 0 5 9 1  2 . 5 9 1 1 7  - 0 . 0 0 0 1 9 

1 8 . 8 6 2 9  1 5 . 1 5 3 4 2 . 1 9 1 8 9  7 . 1 7 9 9 0  2 . 1 9 2 1 0  0 . 0 0 0 2 1 

1 0 . 9 4 5 8  1 5 . 1 5 3 2 1 . 8 2 1 5 3  6 . 6 5 3 9 8  1 . 8 2 1 6 4  0 . 0 0 0 1 1  

3 . 0 7 5 5  1 5 . 1 5 3 2 1 . 4 7 6 1 3  6 . 1 2 2 1 7 1 . 4 7 6 0 0  - 0 . 0 0 0 1 3  

3 1 . 0 1 3 4  3 4 . 8 0 1 9  5 . 9 1 3 6 5  1 1 . 15 3 7 8  5 . 9 1 3 6 7 0 . 0 0 0 0 2  

• 2 3 . 0 1 4 8 3 4 . 8 0 2 5  5 . 0 7 4 6 3  1 0 . 3 9 3 2 3  5 . 0 7 4 6 2 - 0 . 0 0 0 0 1  

1 5 . 0 1 3 7  3 4 . 8 0 2 5  4 . 2 7 1 0 9  9 . 6 0 7 7 5  4 . 2 7 1 0 6  - 0 . 0 0 0 0 3  

7 . 0 0 6 1  3 4 . 8 0 2 1 3 . 5 1 0 9 1 8 . 7 9 9 5 2  3 . 5 1 0 9 6 0 . 0 0 0 0 5  

- 0 . 9 4 8 9  3 4 . 8 0 1 5  2 . 8 0 7 8 5  7 . 9 7 8 2 5 2 . 8 0 7 8 2  - 0 . 0 0 0 0 3  

0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0 0  2 . 8 8 5 9 1 0 . 0 0 0 0 0  0 . 0 0 0 0 0  

Conductivity • (ar"' + bc2 + c + dt) / [ 1 0( 1  - 9.57( 1 0
-8>p)) Siemens/meter, where p • pressure in dbars 

• 
Residual • instrument conductivity - bath conductivity 

NOTE: Multiply Siemens/meter by 10 to obtain mmho/cm 

0 . 0020 
• 

0 . 00 1 0  

RES I DUAL 

• ( S i .-n1/•) 

0 . 0000 

- 0 . 00 1 0  
• 

- 0 . 0020 
0 

e e 
a:. 

e 11:1 e 

2 3 4 

• CONDUCT I V I TY C S i .-ens/11tter ) 

e 3 - 3 - 89 

- "" 'CCI ..... 

5 6 

- ---------------------



S B E S E A-B I R O  E LE CTR O N I C SJ I N C .  
1 8 0 8  - 1 3 6 t h  P l a c e  N o r t h e a s t , B e l l e v u e ,  Wa s h i n g t o n  9 8 0 0 5  - � Telephon e :  (206) 643-9866 Fax : (206) 643-9954 Telex:  2929 1 5  SBEI U R 

SBE 192297-226 

Pressure calibration: �tries SP91.FFS-200A S/N 8A609 9 March 1989 

Pressure (psia) = M(Binary) + B where M = -0 . 06009 arrl B = 239 . 27 

Inp.1t pressure (psi) Oltpit (binary) error, psi error, % FS 

14 . 44 3741. 58 -0 . 004 -o·. oo 
40 . 02 3315 . 79 0 . 002 0 . 00 
80 . 04 2648 . 69 0 . 069 0 . 03 

120 . 07 1982 . 90 0 . 047 0 . 02 
160 . 09 13 17 . 00 0 . 041  0 . 02 
200 . 11 653 . 59 -0 . 114 -0 . 06 
160 . 09 l3J:6 . 04 0 . 099 0 . 05 
120 . 07 1982 . 20 0 . 089 0 . 04 

80 . 04 2648 . 95 0 . 053 0 . 03 
40 . 02 3316 . 26 -0 . 026 -0 . 01 
14 . 44 3743 . 87 -0 . 142 -0 . 07 

Oltpit binary values are averages of 101 sanples taken at 2 Hz .  
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• 
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Figure 1 

• Figure 2 

• Figure 3 

Figure 4 

• 

Figure s 

• 
F igure 6 

• 
Figure 7 

Figure S 

• 

Figure 9 

• 

• 

APPENDI X I I I  

FIGURE CAPTI ONS 

S a l inity mea surements on the f i rst downca st . UCONN ' s  
S eacat went down on a separate wire . 
la . suoo MSRC Seacat 
lb . CAST 1 AMS 
le . FIS lA UCONN S eacat 

Sal inity mea surements on the first upca s t . UCONN ' s  
S eacat went down on a separate wire . 
2 a . SUO O MSRC Seacat 
2 b . CAST 1 AMS 
2 c . FIS lA UCONN S eacat 

S a l inity mea surements on the second downcas t . AMS not 
used . 
3 a . SU0 2  MSRC ' s  Seacat 
3 b . FIS 2A UCONN ' s  Seacat 

Sal inity mea surements on the second upcast . AMS not 
used . 
4 a  • SU0 2  MSRC ' s  S eacat 
4 b . FIS 2 A  UCONN ' s  Seacat 

S a l inity mea surements on the thi rd downcast . 
S a . SU0 4  MSRC ' s  Seacat 
Sb . CAST 2 AMS 
Sc . FIS 2 B  UCONN ' s  Seacat 

S a l inity mea surements on the thi rd upcast . 
6 a . SU0 4  MSRC ' s  Seacat 
6b . CAST 2 AMS 
6c . FIS 2 B  UCONN ' s  Seacat 

Sal inity measurements on the fourth downcas t  . 
7 a . SUO S MSRC ' s  Seacat 
7 b . CAST 3 AMS 
7 c . FIS3A UCONN ' s  Seacat 

Sal inity measurements on the fourth upcast . AMS not 
recording . 
S a  • SUO S MSRC ' s  Seacat 
Sb . FIS3A UCONN ' s  Seacat 

Sal inity measurements on the fi fth downcast . AMS not 
recording . 
9 a . SUOS MSRC ' s  Seacat 
9b. FIS 3A UCONN ' s  S eacat 



F i gure 2 0  Temperature measurements on the f i rs t  upcast . UCONN ' s  
S eacat went down on a separate w i re . 
2 0a .  suo o MSRC Seacat 
2 0b .  CAST 1 AMS 
2 0c .  FIS lA UCONN Seacat 

Figure 2 1  Temperature measurements on the second downcast . AMS 
not used . 
2 1 a .  SU0 2  MSRC ' s  S eacat 
2 1b .  FIS2A UCONN ' s  Seacat 

• 

• 

Figure 2 2  Temperature measurements on the second upcast . AMS not • 
used . 
2 2 a . SU0 2  MSRC ' s  S eacat 
2 2b .  FIS2A UCONN ' s  S eacat 

Figure 2 3  Temperature measurements on the th i rd downcast . 
2 3 a . SU0 4  MSRC ' s  Seacat 
2 3 b .  CAST 2 AMS 
2 3 c .  FIS 2 B  UCONN ' s  S eacat 

Figure 2 4  Temperature measurements on the th ird upcast . 
2 4 a . SU0 4  MSRC ' s  Seacat 
2 4 b .  CAST 2 AMS 
2 4 c .  FIS 2 B  UCONN ' s  S eacat 

Figure 2 5  Temperature measurements on the fourth downcast . 
2 5 a .  suo s  MSRC ' s  Seacat 
2 5b .  CAST 3 AMS 
2 5c .  FIS 3 A  UCONN ' s  S eacat 

Figure 2 6  Temperature measurements on the fourth upcast . AMS 
not recording . 
2 6a .  SUO S  MSRC ' s  Seacat 
2 6b .  FIS 3A UCONN ' s  S eacat 

Figure 2 7  Temperature measurements on the f i fth downcast . AMS 
not recording . 
2 7 a . SUO S MSRC ' s  Seacat 
2 7 b .  FIS 3A UCONN ' s  S eacat 

Figure 2 8  Temperature measurements on the f i fth upcast . AMS not 
recording . 
2 8 a . su o s  MSRC ' s  Seacat 
2 8 b .  FIS 3A UCONN ' s  Seacat 

Figure 2 9  Temperature measurements on the s ixth downca st . AMS 
not record ing . 
2 9 a . SU0 5  MSRC ' s  Seacat 
2 9 b . FIS 3A UCONN ' s  Seacat 
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Figure 10 S a l inity measurements on the f i fth upca s t . AMS not 
record i ng . 
l O a . SU0 5  MSRC ' s  S eacat 
l Ob . F I S 3 A  UCONN ' s  Seacat 

Figure 11 S a l inity measurements on the s ixth downcast . AMS not 
recording . 
l la . SU0 5 MSRC ' s  S eacat 
l lb .  FIS 3A UCONN ' s  Seacat 

F igure 1 2  S a l inity measurements on the s ixth upcast . AMS not 
recording . 
1 2 a . SU0 5 MSRC ' s  S eacat 
1 2 b . FIS3A UCONN ' s  Seacat 

Figure 13 S a l in ity measurements on the seventh downcast . AMS 
not record ing . 
1 3 a . SU0 5  MSRC ' s  S eacat 
1 3 b . FIS 3 A  UCONN ' s  Seacat 

Figure 14 S a l in ity measurements on the seventh upcast . AMS not 
record i ng . 
1 4 a . SU0 5  MSRC ' s  S eacat 
1 4 b . FIS3A UCONN ' s  S eacat 

F igure 15 S a l inity measurements on the e i ghth downcast . AMS not 
recording . 
1 5 a . SU0 5 MSRC ' s  S eacat 
1 5b . FIS 3A UCONN ' s  S eacat 

Figure 1 6  S a l inity measurements on the e ighth upcast . AMS not 
record ing . 
1 6 a . SU0 5  MSRC ' s  S eacat 
1 6b .  FIS 3 A  UCONN ' s  S eacat 

Figure 1 7  S a l inity measurements o n  the n inth downcast . 
1 7 a . SU0 6  MSRC ' s  Seacat 
17b . CAST 4 AMS 

• 1 7 c . FIS4A UCONN ' s  S eacat 

• 

• 

• 

Figure 1 8  S a l inity measurements on the ninth upca s t . AMS not 
record ing . 
1 8 a . SU0 6  MSRC ' s  S eacat 
18b . FIS4A UCONN ' s  Seacat 

F igure 19 Temperature measurements on the f i rs t  downcast . 
UCONN ' s  Seacat went down on a separate w i re . 
1 9 a . SUOO MSRC Seacat 
19b . CAST 1 AMS 
1 9 c . FIS lA UCONN Seacat 



F igure 3 0  Temperature measurements on the s ixth upca st . AMS not 
recording . 
3 0a .  SU05 MSRC ' s  S eacat 
3 0b .  FIS 3 A  UCONN ' s  Seacat 

Figure 3 1  Temperature measurements on the seventh downcast . AMS 
not record i ng . 
3 1a .  SU0 5 MSRC ' s  Seacat 
3 1b .  FIS 3 A  UCONN ' s  Seacat 

Figure 3 2  Temperature measurements on the s eventh upcast . AMS 
not recording . 

Figure 3 3  

F igure 3 4  

Figure 3 5  

3 2 a . SU0 5  MSRC ' s Seacat 
3 2 b .  FIS3A UCONN ' s  Seacat 

Temperature measurements on 
not record ing . 
3 3 a .  SU0 5 MSRC ' s  Seacat 
3 3 b .  FIS 3A UCONN ' s  Seacat 

Temperature measurements on 
not record ing . 
3 4 a . SU0 5  MSRC ' s  Seacat 
3 4b .  FIS 3 A  UCONN ' s  Seacat 

Temperature measurements on 
3 5a .  SU0 6 MSRC ' s  Seacat 
3 5b .  CAST 4 AMS 
3 5c .  FIS4A UCONN ' s  Seacat 

the e ighth downcast . AMS 

the e ighth upcast . AMS 

the n inth downcast . 

F igure 3 6  Temperature measurements on the n inth upcast . AMS not 
recording . 
3 6a .  SU0 6  MSRC ' s  Seacat 
3 6b .  FIS 4A UCONN ' s  Seacat 

Figure 3 7  Sal inity comparisons between the AMS and UCONN ' s  
Seacat on the downcasts . 
3 7 a . CAST 1 - FIS lA ( d i f ferent wire s ) 
3 7b .  CAST 2 - FIS 2 B  
3 7 c .  CAST 3 - FIS 3 A  
3 7d .  CAST 4 - FIS 4A 

Figure 3 8  S a l i n ity compari sons between the AMS and UCONN ' s  
Seacat on the upcasts . 
3 8 a . CAST 1 FIS lA ( d i f ferent wire s ) 
3 8 b .  CAST 2 - FI S 2 B  

Figure 3 9  Sal i nity comparisons between the AMS and SUNY ' s  Seacat 
on the downcasts . 
3 9 a . CAST 1 - SUO O  
3 9 b .  CAST 2 - SU0 4  
3 9 c . CAST 3 � SU0 5 
3 9d .  CAST 4 - SU 0 6  
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Figure 4 0  S a l in i ty comparisons between the AMS and SUNY ' s  S eacat 
on the upcasts . 
4 0a .  CAST 1 - SUO O  
4 0b .  CAST 2 - SU0 4  

F igure 4 1  S a l inity comparisons between UCONN ' s  S eacat and SUNY ' s 
Seacat on the downcasts . 
4 1a .  F I S lA - SUO O 
4 1b .  FIS2A - SU02 
4 1c .  FIS 2 B  - SU04 
4 ld .  FIS 3 A  - SU0 5  (1 ) 
4 1e .  FIS 3A - SU0 5  ( 2 )  
4 1 f .  FIS 3A - SU0 5  ( 3 )  
4 1g .  FIS3A - SU05 ( 4 )  
4 1h .  FIS 3A - SU0 5 ( 5 )  
4 1 i . FIS4A - SU0 6 

Figure 4 2  Sal inity comparisons between UCONN ' s  S eacat a nd SUNY ' s  
Seacat on the upcasts . 
4 2 a . FIS 3A - SU0 5 ( 1 )  
4 2 b .  FIS 3A - SU0 5 ( 2 )  
4 2 c . FIS3A - SU0 5 ( 3 )  
4 2 d .  FIS3A - SU0 5  ( 4 )  
4 2 e . FIS 3A - SU0 5 ( 5 )  
4 2 f .  FIS 4 A  - SU0 6  

F igure 4 3  Temperature comparisons between the AMS and UCONN ' s  
Seacat on the downcasts . 
4 3 a . CAST 1 - FIS lA ( d i f fe rent wires ) 
4 3 b .  CAST 2 - FIS 2 B  
4 3 c .  CAST 3 - FIS 3A 

• 4 3 d .  CAST 4 - FIS4A 

• 

• 

• 

• 

Figure 4 4  Temperature compari sons between the AMS and UCONN ' s  
Seacat on the upcasts . 
4 4 a . CAST 1 - FIS la ( d i fferent wire s ) 
4 4 b . CAST 2 - FIS 2 B  

F igure 4 5  Temperature comparisons between the AMS and SUNY ' s  
Seacat downcasts . 
4 5a .  CAST 1 - SUO O  
4 5b .  CAST 2 - SU0 4 
4 5c .  CAST 3 - SU0 5  
4 5d .  CAST 4 - SU0 6  

Figure 4 6  Temperature comparisons between the AMS and SUNY ' s  
Seacat on the upcasts . 
4 6a .  CAST 1 - SUO O  
4 6b .  CAST 2 - SU0 4  
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• 

F i gure 4 7  Temperature compari sons betwe en UCONN ' s  S e a ca t  and 
SUNY ' s  Seacat on the downca sts .  
4 7 a . FIS lA - suo o  
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4 7d .  FIS 3A - SU05 ( 1 )  
4 7 e . FIS 3 A  - SU05 ( 2 )  
4 7 f .  F I S 3 A  - SU0 5  ( 3 )  
4 7 g . FI S 3 A - SU0 5  ( 4 )  
4 7h .  FIS 3 A  - SU05 ( 5 )  
4 7 i . FIS4A - SU0 6 
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Figure 4 8  Temperature comparisons between UCONN ' s  S eacat and 

SUNY ' s  Seacat on the upca sts . 
4 8 a . FIS3A - SU0 5 ( 1 )  
4 8b .  FIS 3A - SU0 5  ( 2 )  
4 8 c . FIS3A - SU0 5  ( 3 )  
4 8 d . FIS 3A - SU0 5  ( 4 )  
4 8 e .  FIS 3 A  - SU0 5  ( 5 )  • 
4 8 f .  FIS4A - SU0 6 
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• • 

t (' I n p c f '  a I l J  I ' ( '  d i r r (_' l'l' IH .  ( '  :-; ( C )  
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• • • • • • • • • • 

S U NY CAS T3  (AM S )  - U C O N N F I S 3A ( S EACAT ) 

0 
do w n  cast#  1 - d i f fe re nce i n  tem p .  va l u es 

- 2  -

- 4  - I ) 

- 6  -

l lD  
- 8  -

J 
- 1 0 -

/'... 
(I) 
L 

- 1 2  ID -
+' 
ID 
E - 1 4 -

'-" 

.c 
+' 

- 1 6  -0.. 
ID 

1J b - 1 8  -

- 2 0  -

J 
- 2 2  -

- 2 4 -

- 2 6  - tJ 
(� 

- 2 8  l l r I I I r I 
- 0 . 5  - 0 . 3 - 0 . 1 0 .  1 0 . 3  0 . 5  

tempe ra tu re d i f fe rences ( C )  
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- 2  

- 4 

- 6 

- 8  
,,...... 
({J - 1 0  
� 
(!) 

;..I - 1 2 (!) 

s - 1 4 '-' 

.c: - 1 6 ;..I 
0. 
(!) 

-- 1 8 'd 

- 2 0 

- 2 2 

- 2 4 

- 2 6  

- 2 8 

• • 

S U N Y CA S T4- ( A M S )  U C O N N  F I S 4 /\  ( S E ACAT ) 
d o w n  c a s t  - d i f fe r <' n c e  1 n  te m p . v a l u e :s  

----------- ---- - - - - - - - -- -- - - · - - - - - ·--··--- · - -

-+---�---·---�--�----1- · -- - ----,-----i--------r-----r------

- 0 . 5  -- 0 . 3  - 0  . 1  0 . 1 0 . 3  0 . 5  

• • 

l e  rn p e r a I u r e  d i  f fe r <' 1 1  c < ' ::; ( C ) 

• • • • P i  r n i.., i1 ?  n • 
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- 2  

- 4  

- 6  

- 8  
,,....._ 
lfJ - 1 0 
t... 
Q) 

.j.J - 1 2 Q) 
� ..... - 1 4 '-" 

,... ...... 
- 1 6  .., 

0. 
ill - 1 8 'd 

- 2 0 

- 2 2  

- 2 4 

- 2 () 

-<� 8 

• 

-1 � 
i I 1 

� I 
- 1  
i 

• • • • • • 

S U N Y  CA S T J ( A M S )  U C O N N  
u p  c a s t  - d i f f'e r e n c <' i n  t e m p .  V G1 l u c s  

--· ----· - - ----- - ---- - - ---·-·· -- · -- · · - - - - · - - ·--· · - ··-· · · ·  ·-- - · · ·- -- - - · - · - · - -· - --· - - · - ·- - - - · · --- -- - · - - · ·  · · - - · -· · ·  . . . . . . - - - · · - - - ---

\ \ 
\ \ 

\ \ 
[' ]  

[ ]  
\ 

I •  

-1---- -, 

- 0 . 5  · - 0 . : J . - ( ) . J 
- - . - • · 1 . .

.
. . . --· . r - . . - I . • . . · · · · ·  .. I 

( ) . l o . : i  

l c rn  f H' l ' ( I I l l t ' C ' d i  f ° f <' f' ( ' f l ( ' ( ' :-; ( c ) 

O . �i 

F i qure 4 4 A  
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0 

- 2  

-· 6 

- 8  

-- 1 0  

- 1 2 

- - 1 4 

- 1 6 

· - 1 8  

-- 2 0  
' )') - '- '-

- - 2 4 

-- 2 6  

- ;2 8  

• • • 

S U  N Y  CA S ' l\2 (A M � )  l J C O N N  I . ' I c. � '- > r � { '- ·� I ·' /1 ( ' ;·. rI , ) • . . f.... 1 }  � ... · J 1 \ 1 .1. 

u p  c a :; l  - d i ffe r e n c e i n  l. e r n p .  v a l u e s  r---------- - - - - - - - - - - - - - - - [ - - - - - - - - - - -

I 

I 
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I 

1 

-1 1 
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I 
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-1 

I 
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' 
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/ 

/ 

r ·  - --· - ·- - - - - r  . .  -· - · - --- - - r · - -- - - - - - - - - -, - .. - -- - - · - - -- - · ·  - - · - - ·  .. · - r .. · - · - - - - · r · ·  

• 

- 0 .  � l  - 0 .  I 0 .  I 

l e m p e r a t u r · < ·  d i f' r c' r c ' t H · c • s ( C : )  
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· r -

o . : i  

• 

T . - - - ., __ _ I 
O . �  

F i gu r e  4 4 8  
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• • • • • • • • • 

S U N Y CA S ' l' l ( AM S )  S lJ N Y  S lJ 0 0  ( � - ; E AC/\ '1 1 ) 
d o w n  c a s t  -- d i f fe r e n c e i n  L e m p . v u l u e � 

0 - -- ·----------- --- · ·- - ------··- ----- -··----- · -- ·· ·- ----· · ·----··- -- ·- .. . - · · - · -- - ·- - ·  - ·-·--·- - - - · --- - ·-·--- · -----

- 2  

- 4 

- 6 

- 8  

- 1 0 

- 1 2  

- 1 4  

- 1 6 

- 1 8  

-- 2 0  

- 2 2 

- 2 4 

- 2 G  

- 2 8  

I J 
L I 
� )  

-t----- · ,-- -- -- · -,-- · . . . . .  ·T··-· . . . T . - · · . 
· - · - ·  , - - - · . .  T · · · - - - ·

1 -
( ) . :  3 - () - �  - ( ) . : 1  - O .  I 0 . I 

t e r n  ( l C l ' ( l t l l  l ' C ' d i  f ' f' < ' J ' ( ' I H' P S ( C )  

- . T  ·--- - - · - · - -- ·- ·  

O . �i 

F i gure 4 5 A 
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- 2  

- 4  

- 6  

- 8  
,,,....., 
(/'J - 1 0  
1-. 
CJ 

;,.; - 1 2  OJ 
" 
c - 1 4 '-" 

r< ..... - 1 6 ;,.; 
0.. 
1J -- - 1 8 ':l 

- 2 0 

- 2 2 

- 2 4 

-- 2 G  

- ;2 B 

• • 

S U N Y  0 A '- " l ' ·� > 
\ .· � ,, '� � �  u l' l y { �--� I ·: A C ;\ ' I' ) 

d o w n  c a s t . - d i f fc n· n c c 1 1 1 l. P rn p .  v a l u f' s  i-------------- - -- ------ - - - - ·- . - - - - - - - - -- - - - --- - - - - · --- . · -· 

_ ..j  � 
� 
+ - - - --- ---, 

- 0 . 5  

• 

-- - -- -- - - - r - - · - - - · - T -- - - - - - 1 -

- 0 . : 1  · 0 . 1 

l J 

1 · · · - - - - - - T 

0 . I 

l e rn p e r · a t u r · p  d i fr<' f ' C ' I H ' < � s ( C ) 

• • • • 
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• • • • • • • • • • 

S U NY CAS T3  (AM S )  - S U NY S U0 5  ( S EACAT ) 

0 
do wn  cas t#  1 - d i f fe re nce i n  temp .  va l u es 

- 2  -

- 4 -

- 6  -

- 8  -

- 1 0 -
/""'.. 

CJ) 
L 

� 1 2  Q) -
+' 
Q) 
E - 1 4 -

'-" 

.c 
+' - 1 6 -Q.. 
Q) 

"O 
- 1 8 -

- 2 0  -

- 2 2  -

- 2 4  -

- 2 6  -

- 2 8  I I I I I I I I 
- 0 . 5  - 0 . 3  - 0 . 1 0 .  1 0 . 3  0 . 5  

tempe ra tu re d i ffe rences ( C )  

F i gur e 4 5 C 
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- 2  

- 4  

- 6  

- 8  
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({) - 1 0 
� 
QJ 
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8 - 1 4 '-" 

.c - 1 6 ,.J 
0. 
QJ 

- 1 8 'd 

·- 2 0  

- 2 2 

- 2 4 

- 2 G 

- 2 8 

• • 

S U N Y CA S T1 (AM S )  S U N Y S U 0 f > ( � -: E /\CAT ) 
d o w n  c a s t  - d i f fe r e n c e i n  t e m p .  v a l lH• s 

---- --- - - - · ·- - · · -- · · - - - - · - · - - - -- · · - ---··-····· · - · · · · - - - · - · . . . · · - - - -
. · · · · - ·· 

·· · - · · ---- -----

--··-··· 1 - - --- - - · 1 · - ·· · - - - ·  ········r· · - - - -- - -· - - T ·- - - - · - - · · · ·  · ·  · · -- - - · ·  r-·- ·- · · - · - · · T · - · - · · ·  - ··· ··· r . .  · · · . . . .  r .  · ·  · - ·· · · - · · - -

- 0 . 5  - () . '. 3  .. 0 .  1 0 . 1 ( ) . :  l () . ;)  

t e m p e r a t u re d i f ' rP r P n c e s  ( C )  

• • • • • • • 
�---------------� 
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i 

- -o 
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• • 

I 

I 
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� 

� [ I I 
i f-
I 
I 

__ _J 
1 s P, : ) d T l  

r J , S V J A N  n s  
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0 2 --, 

8 l -
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2 T -
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9 -

17 --

2 -
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- 2  

- 4 

- 6  

- 8  

/'"".. 
(/) ' 

- 1 0  
f... 
Q) 

,j,.) - 1 2 Q) 

e - 1 4 ._..,,, 

� - 1 () ,j,.) 
0. 
CJ 

- · 1 8  'd 

- 2 0 

- 2 2 

- 2 4 

- 2 6 

-· 2 8  
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S U N Y CA S T 2 (A M S )  
u p c a  s l · - cl  i f fe r c n c e i n t .  e rn p . v a I u e s  

-- - - ------ - - - - - · --- -- - -- - - - - · - - --- - -·· · · --- - · - -- ·-- - · --·· · - - - · - - · - -· · - - - - · · · · - - - - - - - - - - - ·  
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• • 

U C O N N  ( S E /\CAT ) · - - :� � U [· J Y  c • l J ' ) '. > 
• ) •. \ { .. ,1 

d o w n  c a s t. - d i f fe r e n c e i n  l P m p .  v a l l l <' S  
0 1 ---- -·-·- - · · - - -- - - - - · - - --- - - --·- - - . . .. .  ---- ··- - ·- - - -- - - - - -·- . . . - . .. . .  - - . -· . - .... . . - · ·  . . - - -· _ . . . 

- - 2 

- ·t 

- 6  

I -· 8 

� - 1 0 

- 1 2  1 
- 1 4 

- 1 6 

- 1 8  
I 

- 2 0 -1 
I 

\ 

I 
- 2 2 1 I 

' I - 2 4 --1 

. .  2 6  

· · · 2 8  - · - - - - - - - T  - - - - - - - r · · - - - - · · - - · i- · -· · · - - - - ,- - - · - · - - - - · ·  . . .  , · · · · · - - r -- · · - · - ·· r ·  · - - · - - · T - - - - -

-- 0 . � . 0 .  : 3  

• • 

.. 0 . 1 0 .  I 

l . P rn p c r a l u n' d i fr< ' r<' r H · c � � ( C )  

• • • 

( ) . :J 

• 
F i g u r e  4 7 B  

• • 



• • • 

0 

- 2  

- 6  

- 8  

- 1 0 

� 1 2 

- 1 4 

- 1 6  

- 1 8 

- 2 0 

-- 2 2  

- 2 4 

. - 2 6 

-- 2 8  
-- 0 . :) 

• • • • • • 

lJ C 0 N N F I S 2 B ( S E A  CAT ) -- �� U f 4 Y S U 0 1  ( �:: E A  C /\ T )  
d o w n  c a s t  - d i f fe rc> n c e  i n  t. P rn r .  v a l u e s  

- · - - -··-·- - - · · - ·- �- - - · · - · - ·- - ·- - · ·  · · · - - - . - - - -· - - - - - --- - - --- - · - ·-

- - , - - · - ·- - - - - · · r - - - -· - ·- · · - - r · · · - · - -· · - 1 · · - - · -- - -

- 0 . : �  - (J .  1 0 .  I o . : 3 o . ::-i 

l . C' l n P P l ' il l u r e cl i f' f < ' l ' (' l l ( ' ( ' �  ( C ) 

F i oure 4 7 C 
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U C ON N F I S 3A ( S EACAT ) - S U NY S U 0 5 ( S EACAT ) 

0 
do w n  ca s t #  1 - d i f fe rence i n  te m p .  va l ues  

- 2  

- 4  

- 6  

- 8  

- 1 0 
/'"'.. 

(I) 
I... 
Q) - 1 2 ¥ 
Q) 
E - 1 4 '-../ 

.c 
¥ - 1 6 Q_ 
Q) 

u 
- 1 8 

- 2 0  

- 2 2  

- 2 4  

- 2 6  

- 2 8  

- 0 . 5  - 0 . 3  - 0 . 1 0 .  1 0 . 3  0 . 5  

tempe ra t u re d i f f e re nces ( C )  

• • • • • • • • • 



-------------------- - -

• • • • • • • • • • 

U C O N N F I S 3A ( S EACAT ) - S U NY S U 0 5  ( S EACAT ) 

0 
do w n  cas t# 2 - d i f fe rence i n  tem p .  va l u es 

- 2  

- 4  

- 6  

- 8  

' 
- 1 0 

/"'.. 
(J) 
L 

- 1 2 (l) 
+' 
(l) 
E - 1 4 '--" 

.c 
+' - 1 6 Q. 
(l) 

D 
- 1 8 

- 2 0  

- 2 2  

- 2 4  

- 2 6  

- 2 8  

- 0 . 5  - 0 . 3  - 0 . 1 0 .  1 0 . 3  0 . 5  

t empe ra tu re d i f fere nces ( C )  

F i g u r e  4 7 E 



U C ON N  F I S 3A ( S EACAT ) - S U NY S U 0 5  ( S EACAT ) 

0 
do w n  cas t# 3 - d i f ference i n  temp . va l ues 

- 2  

- 4 

- 6  

- 8  

- 1 0 
/""-... 

(I) 
L 
£1) - 1 2 +' 
£1) 
E - 1 4 '-/ 

..c 
+' 

- 1 6 0... 
£1) 

u 
- 1 8  

- 2 0  

- 2 2  

- 2 4  

- 2 6  

- 2 8  

- 0 . 5 - 0 . 3  - 0 . 1 0 .  1 0 . 3  0 . 5  

tempe ra t u re d i f fe rences ( C ) 

• • • • • • • • • 



• • • • • • • • • • 

U C O N N F I S 3A ( S EACAT ) - S U NY S U 0 5  ( S EACAT ) 

0 
do wn  cas t# 4 - d i f fe rence i n  tem p .  va l u es 

- 2  

- 4  

- 6  

- 8  

- 1 0 
,...... 

(J) 
I... 

- 1 2 Q) 
..., 
Q) 
E - 1 4 '-../ 

..c 
..., 

- 1 6 Q 
Q) 

D 
- 1 8 

- 2 0  

- 2 2  

- 2 4  

- 2 6  

- 2 8  

- 0 . 5  - 0 . 3 - 0 . 1 0 . 1 0 . 3  0 . 5 

tempe ra t u re d i f f e re nces ( C )  



U C O N N F I S 3A ( S EACAT ) - S U NY S U 0 5  ( S EACAT ) 

0 
do w n  c a s t # 5 - d i f fe rence i n  te m p . va l u es 

- 2  

- 4  

- 6  

- 8  

- 1 0 
,,......... 

(J) 
L 
Q) - 1 2 +' 
Q) 
E - 1 4 '-../ 

_c 
+' 

- 1 6 0.. 
Q) 

1J 
- 1 8  

- 2 0  

- 2 2  

- 2 4  

- 2 6  

- 2 8  

- 0 . 5  - 0 . 3 - 0 . 1 0 .  1 0 . 3  0 . 5  

t empe ra t u re d i f fe rences ( C )  

• • • • • • • • • 



• • • • • • • • • • 

U C O N N F I S 4A ( S EACAT ) - S U NY S U0 6  ( S EACAT ) 

0 
do wn  cas t  - d i f ference i n  tem p .  va l ues 

- 2  

. - 4 

- 6  

- 8  

- 1 0 
� 

(/) 
L 
ill - 1 2 +' 
ill 
E - 1 4 '...-/ 

r. 
+' - 1 6  Q_ 
ill 

u 
- 1 8 

- 2 0  

- 2 2  

- 2 4  

- 2 6  

- 2 8  
- 0 . 5  - 0 . 3  - 0 . 1 0 . 1 0 . 3  0 . 5  

tempe ra tu re d i f ferences ( C )  



0 

- 2  

- 4  

- 6  

- 8  

- 1 0  
/'.. 

(j) 
L 
(!) - 1 2  +' 
(!) 
E - 1 4 '-../ 

..c::: 
+' - 1 6 0.. 
(!) 

D 
- 1 8  

- 2 0  

- 2 2  

- 2 4  

- 2 6  

- 2 8  

• • 

U C ON N  F I S 3A ( S EACAT ) - S U NY S U 0 5  

up  cas t  # 1 - d i f f e re nce i n  te m p .  va l ues 

- 0 . 5  - 0 . 3  - 0 . 1 0 .  1 

tempe ra t u re d i f f e re nces ( C ) 

• • • • • 

( S EACAT ) 

0 . 3  

• 

0 . 5  

F i gure 4 8 A 
• • 



• • • • • • • • • • 

U C O N N  F I S 3A ( S EACAT ) - S U NY S U0 5  ( S EACAT ) 

0 
up  cas t  # 2 - d i f f e re n c e  i n  te m p .  v·a l ues  

- 2  

- 4  

- 6  

- 8  

- 1 0 
/""'.. 

(/) 
L 

- 1 2 Q) 
+' 
Q) 
E - 1 4 '-./ 

..c 
+' - 1 6 Q_ 
Q) 

u 
- 1 8 

- 2 0  

- 2 2  

- 2 4  

- 2 6  

- 2 8  

- 0 . 5  - 0 . 3  - 0 . 1 0 . 1 0 . 3  0 . 5  

tempe ra t u re d i f f e rences ( C ) 

F i au n �  4 R P. 



U C O N N F I S 3A ( S EACAT ) - S U NY S U 0 5  ( S EACAT ) 

u p  c a s t  # 3  - d i  ff e re nee i n  te m p . va l ues 
0 

- 2  

- 4 

- 6  

- 8 

- 1 0 
/"'.. 

Ul 
\._ 
Q) 

-tJ - 1 2 
Q) 
E - 1 4 '-/ 

r. 
-tJ 

- 1 6 0.. 
Q) 

1J 
- 1 8 

- 2 0  

- 2 2  

- 2 4 

- 2 6  

- 2 8  
- 0 . 5 - 0 . 3 - 0 . 1 0 .  1 0 . 3  0 . 5  

tempe ra t u re d i f f e re nces  ( C )  

• • • • • • • • FigW°e 4 8 C • 
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U C O N N F I S 3A ( S EACAT ) - S U NY S U 0 5  ( S EACAT ) 

0 
u p  c a s t  # 4  - d i f fe rence i n  temp .  va l u es 

- 2  

- 4  

- 6  

- 8  

- 1 0 
/'.. 

(f) 
I... 

- 1 2 Q) 
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Q) 
E - 1 4 '-../ 

.c 
+' - 1 6  Q_ 
Q) 
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tempe ra t u re d i f f e rences ( C )  



U C O N N  F I S 3A ( S EACAT ) - S U NY S U 0 5  ( S EACAT ) 

0 
u p  c a s t  # 5  - d i f f e re n c e  i n  te m p .  va l u es 

- 2  

- 4 

- 6  -

- 8  

,,....... 
- 1 0 

(I) 
\._ 
Ill - 1 2 +' 
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E - 1 4 '-" 

_c 
+' - 1 6 Q 
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u 
- 1 8 

- 2 0  
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- 2 4  

- 2 6  

- 2 8  

- 0 . 5  - 0 . 3  - 0 . 1 0 .  1 0 . 3  0 . 5  

tempe ra t u re d i f fe rences ( C )  
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