
Ship Superstructure Icing 
Data Collection and Instrument Performance on 
USCGC Midgett Research Cruise 
Charles C, Ryerson and Paul D, Longo 

• 

-
\ 

---.., .... -_. --

December 1992 

., 
I • 

• 



Abstract 
Spray generated by the collision of a ship's bow with waves freezes on decks, 
bulkheads and ship's components. It is most common on smaller vessels, 
where it has been known to cause sinking, typically by capsizing. Superstructure 
icing may also reduce the operating efficiency or mission performance of larger 
vessels. The ability to predict the environmental conditions under which icing 
may occur, the location of icing on a vessel under those conditions, and the rate 
at which ice will accrete may allow vessels to avoid hazardous conditions or 
operate in a manner so as to minimize the accretion of ice. This report describes 
how spray delivery and superstructure icing were measured during a research 
cruise on the U.S. Coast Guard Cutter Midgett, operating in the Gulf of Alaska and 
Bering Sea in February-March 1990, to support the validation and calibration 
of a numerically based icing prediction model being developed forthe U.S. Navy. 
This research cruise represents the first such measurements on a vessel 
significantly larger than fishing trawlers, the basis for prior work. Development 
of the instrumentation, its placement on the Midgett, and ancillary equipment 
used to supplement the principal measurements are discussed. Data collection 
and problems encountered in the process are covered extenSively. Finally, 
measurement error is discussed, with conclusions drawn concerning corrections 
to the data and their validity. 

Gover: Superstructure ice created from bow spray on the Goast Guard Gutter 
Midgett in the Bering Sea. 

For conversion of SI metric units to U.S'/British customary units of measurement 
consult ASTM Standard E380, Standard Practice for Use of the International 
System of Units (SI), published by the American Society for Testing and 
Materials, 1916 Race St., Philadelphia, Pa. 19103. 
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PREFACE 

This report was prepared by Dr. Charles C Ryerson, Research Physical Scientist, Snow and 
Ice Branch, Research Division, U.S. Army Cold Regions Research and Engineering Labora
tory, and Lieutenant Commander Paul D. Longo, Civil Engineer Corps, U.S. Navy, CRREL 
Navy Liaison Officer. Funding for this research was provided by the Office of Naval 
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Lieutenant Junior Grade Smithhouser, Navigator; Chief Warrant Officer Parent, First 
Lieutenant; Ensign DiSanto, Student Engineer; Boatswains Mate Chief Petty Officer Lee, 
Deck Division Chief; Damage Control Chief Petty Officer Kelley, Damage Control Chief, 
Engineering Department; and Marine Sciences Technician Johnson. 

William L. Thomas measured ship dynamics during bow spray events with accelerom
eters, and Bruce Pyle conducted research on ice prevention techniques and ice removal tools 
for DTRC The CRREL measurement team (Kurt Knuth and Charles Ryerson) assisted in 
both DTRC projects, and were, at times, assisted by both of the above individuals. Equipment 
for the Midgett research cruise was designed and assembled by Dennis Lambert, Kurt Knuth, 
James Morse, Michael Walsh and Charles Ryerson at CRREL. 

The contents of this report are not to be used for advertising or promotional purposes. 
Citation of brand names does not constitute an official endorsement or approval of the use 
of such commercial products. 
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Ship Superstructure Icing 
Data Collection and Instrument Performance 

on USCGC Midgett Research Cruise 

CHARLES C. RYERSON AND PAUL D. LONGO 

INTRODUCTION 

Superstructure icing occurs when spray, gener
ated mainly from bow-wave collisions, freezes on 
decks, bulkheads and ship components. Most com
mon to smaller vessels because of their low free
board and greater motion in the sea, icing hinders 
deck activity, increases draft, decreases freeboard 
and raises center of gravity. The superstructure 
icing threat to larger ships is probably less serious 
because oftheir greater length and freeboard, which 
tend to reduce superstructure wetting. Never
theless, even on large vessels, icing can reduce shi p 
operating efficiency and combat readiness. 

The ability to accurately and reliably forecast 
potential ice accretion rates may significantly re
duce the icing hazard because ships could avoid 
areas where hazardous conditions are forecast or 
operate in a way that minimizes ice accretion. 
However, the complexity of the process makes 
modeling difficult. Empirical methods have domi
nated ice accretion forecast techniques. Using data 
collected primarily on fishing trawlers, because of 
their quantity and frequent operation in winter and 
polar waters, researchers have developed several 
models that are currently in use by the National 
Weather Service (Feit 1985) and the U.s. Navy 
(Mertins 1968). 

Unfortunately, most empirically based models 
of fishing trawler icing do not thoroughly consider 
the physics of the processes they simulate. They 
simply relate, statistically or otherwise, the rate of 
icing to the magnitude of environmental condi
tions such as air temperature, sea state and wind 
speed (Mertins 1968, Wise and Comiskey 1980). As 
a result, such models cannot be numerically trans
ferred to larger ships because the physical pro
cesses that change from one type of ship to another 

cannot be properly transferred. This necessitates 
either empirical modeling of larger ships or nu
merical modeling of physical processes. Since ample 
superstructure icing data bases are not currently 
available for larger ships, the numerical approach 
is necessary for forecasting icing on these vessels. 
In addition, numerical models promote an un
derstanding of all processes involved in freezing 
spray, and can be transferred more easily to many 
ship types. 

The thermal processes involved in freezing spray 
on ship surfaces are generally understood. The 
process of cooling and freezing of falling droplets, 
aside from complications arising from sea water's 
salinity-depressed freezing point, has been mod
eled (Andreas 1989, Jessup 1985, Zarling 1988). 

Water delivery processes, on the other hand, are 
not well understood for superstructure iCing. The 
process of lofting water from the sea surface during 
a hull-wave collision is a poorly understood hy
drodynamics problem that cannot be currently 
solved numerically, making empirical methods 
necessary. The quantity of water lofted by a spray 
jet and entrained by the wind as a cloud passing 
over the ship superstructure must be related to 
ship-, sea- and weather-dependent factors. As a 
result, even numerical modeling of superstructure 
icing requires empirical shipboard measurements 
for calibration and verification. 

This report describes measurements of spray 
delivery and superstructure icing made by CRREL 
on board the U.s. Coast Guard Cutter Midgett in the 
Gulf of Alaska and the Bering Sea in support of a 
numerically based ship icing model being devel
oped at the University of Alberta for the U.s. Navy 
(Zakrzewski 1987). Included in this report are dis
cussions of the structure of the University of Alberta 
model, requiring the described measurement cruise, 



instrumentation on the ship, data quantity and 
quality, data problems and data validity. 

UNIVERSITY OF ALBERTA 
ADVANCED ICING MODEL 

The University of Alberta advanced icing model 
is intended to compute ice accretion on ship super
structures caused by bow spray. The model, in
complete at this writing, is designed to compute ice 
load and thickness on some or all shi p com ponents, 
and is driven by environmental and ship condi
tions that can be changed as a voyage progresses. 
By computing ice thickness and mass on any or all 
shi p superstructure com ponents, the model is three
dimensional, unlike other models that compute ice 
load only for an index feature such as the forward 
mast or forward bulkhead. The model is also time 
dependent; ice load changes with location and time 
on the superstructure as weather, sea and ship 
dynamics change. 

Unlike most previous models, which have been 
largely empirical, such as the model by Mertins 
(1968), the Alberta model is quasi-deterministic in 
structure. As inmodels by Kachurinand Stallabrass 
(Jessup 1985), Alberta attempts to numerically de
scribe all thermal fluxes. However, elements that 
are not well understood physically and thus are 
difficult to deterministically model, such as spray 
cloud liquid water content, cloud height and spray 
frequency for a given hull configuration, are em
pirically derived. 

Mass flux computation 
Both mass flux to the ship, and heat flux away, 

are necessary for ice formation. Mass flux is more 
difficult to evaluate because few field measure
ments have been made, and there is not sufficient 
theoretical understanding of the water lofting pro
cess during bow-wave collisions to evaluate flux 
numerically. During infrequent spray events and 
extreme cold, mass flux will be the limiting factor 
for ice growth. During heavy spraying or warmer 
conditions, or both, thermal rather than mass flux 
will probably be the factor limiting ice growth rate 
(Ackley 1985, Itagaki 1990). However, since spray 
flux decreases with height above the ship and with 
distance aft of the bow, both mass- and thermal
flux-limiting conditions may be occurring on dif
ferent portions of the ship concurrently (Ackley 
1985, Zakrzewski 1987). Therefore, reliable esti
mates of both thermal and mass flux rates, and their 
effects on icing, are necessary in the development 
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of a three-dimensional model with time depen
dency. 

Mass flux in the University of Alberta model 
depends entirely upon collision generated spray. 
Spin drift, spume and precipitated fresh water are 
not considered (Zakrzewski 1987). Though ship 
icing can be caused by snow, freezing rain, rime 
and hoar, the major contributor of ice mass to a shi p 
superstructure is freezing spray (Makkonen 1984, 
Minsk 1984). Previous work at the University of 
Alberta has concentrated on modeling mass flux at 
only a few locations, such as the forward bulkhead 
and the foremast of Soviet and Canadian fishing 
trawlers. The advanced model evaluates flux using 
procedures similar to those developed for the trawl
ers, and from the Midgett measurements at more 
locations. 

In trawler models, the spray flux is evaluated as 
a cloud of droplets originating in a jet of water 
rising above the bulwarks. Spray cloud motion is 
simulated as a multitude of droplets free-falling 
while entrained in the relative wind around the 
ship (Zakrzewski 1987). Vertical motion and air 
turbulence around the ship are assumed negli
gible. Ship speed and heading, relative wind speed 
and direction, relative wave speed and wave height, 
and droplet drag coefficients are all considered. 

The Liquid Water Content (L WC) distribution of 
the vertical water jet is computed in Zakrzewski's 
(1987) trawler model by adapting experimental 
values measured by Kachurin on a Soviet trawler. 
LWC with height was related to trawler speed, 
heading relative to the waves and wave height. 
Since these trawler-based relationships may not be 
correct for a different or larger hull, the Alberta 
model relates LWC with height to ship speed and 
heading, and wave height. Droplet trajectories are 
projected from their point of origination in the jet to 
their impact locations on the superstructure using 
measurements made on the Midgett by CRREL. 

Zakrzewski (1987) considered spray duration 
primarily to be a function of ship speed and head
ing and wind speed. Soviet measurements have 
provided sufficient information for deriving rela
tionships between ship speed and heading, wind 
and spray on a traw ler. Similar measurements must 
be made on larger ships because of differences in 
freeboard, length and response to the seaway. 

Two versions of the Alberta advanced icing model 
are being created: pre-cruise and post-cruise mod
els. The pre-cruise model uses ship geometry spe
cific to the Midgett hull form and superstructure 
shape to compute spray and ice accretion. How
ever, empirical algorithms for model spray genera-



lion are derived from Soviet m c,",surcmcnts made 
aboard trawlers. Some algorithms were altered for 
ship size by the University. 

The post-cruise mode] uses ship geomldty spe
dac to the Midgett.as in the pre-cruise model. Most 
empirical .... lgorithms, especially with rtgMd to 
..... atcr delivery. are to be altered or totall y r~erived 
from measurements madeabo.1rd thcMidgtlt. D.1ta 
from the Mh1gelJ research cru.i.se will anow emptri
cal a1gorithms tobederived forspray jet frequency. 
height, 1ocabon. trajectory, duration and flux with 
specific sea and weatheroonditiol\5. 

For each of the models. major l3rget areas of 
Interest on the ship (forecastle area... forwArd gun 
mount, etc.) are divided into components. These 
are further divided into rectangular grid cells or 
portions of circular arcs. The Albert" model calcu
lates the spray for one bow-wave collision (rom a 
jet of water that rises above the ship's bulwarks. It 
causes water to be distributed onto the5hip su~

structur .... by calculating trajectones from thl! Jet to 
the centers of a netw'ork of grid cells making up the 
surfaces of the selected vessel components. The 
results of this one spray-generaUng event are coo
sidcf\.:oc) to be representative of what happens over 
Ihe fON-cast period and are thcn extrapolated (or 
the entire forecast period, in which other environ
mental parameters are also held constant, to deter
mine thequontityofs praydelivered to the compo
nent. Spray fluxes to aU portions of the ship are 
similarly computed. 

Thennal flux computation 
Heat balances arecompu ted. for s-pra y droplctsin 

ftight andfor icegrowthonsuperstructufY'suriaces 
(Lozowski and Zakrzewski 1990), Sprny droplet 
temperature at the point of impact with the ship 
superstructure is a function of sea ""ater and air 
temperature, evaporation and convection, dropl~t 
:'lzC and droplet flight trajectory timl.'. Evaporation 
is CQnsidered for its thermal effects, and also for its 
effects o n d ropJet mass. Radiative- cxchange:s arc 
not evaluated by Lozowski and Zakrzewski (1990). 

Tht! heat balance of the iong su rface! considers 
the temperature of the impinging droplets, of the 
.ur nnd of the moving brine film from higher loca
tions on Ihesuperstructure. Latent heatof freezing. 
sensible and evaporati"ehea t fluxes, and radiative 
fluxes are also computed. 

Ship supe~tructure components: 
Major external components of thc MJJgt'tl wt.'re 

digitized by the University of Alberta ~rchers 

for calibrating themode1to the ship. Many compo-
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nent ou tlines are partially defined by equatiol\$. 
The ship is represented by several hundred cells 
upon which lee can fonn. These cells represent 
objeCts rangmg in size from a part of a railing to a 
part of a deck. Thi .. is th e segmented appro~ch to 
computing ice load. versus the statistical method, 
both described by Jessup (1985), The entire Alberttt 
model Is organued around tlus explicit ccl1 ap"
proach, including brine drainage, thermal fluxes 
and ice growth rates. The lce loads computed for 
each cell are then totaled. and ice thickness and 
mass o n components and targets computed. 

Model caJibr~tion 
Calibration of the University of Alberta advanced 

icing model Is neccssn.ry for' two reasons. FiJ'5t, the 
model should better represent the Midgett if vari
ables from the ship are used in the model, Second. 
the sensitivity of the model and ship type to spray 
and i~gene:r"tion ",m bcascerlained, UttJechangc 
in model response when replacing trawler-speci.fic 
algorithms wltb cuttcr~ped.fic algorithms would 
suggt'St that either the advanced icing model is not 
sensitive to Ship type, or thllt ship type is not very 
important with regard to spray and ice accretion 
and that the O\ooell"Ould ~ used for other vessel 
types without extensive modification of algorithms. 

Calibration of the model for spray parameters 
involves repladns ulgorithmsderived largely from 
Soviet fishing trawlers with algorithms generated 
from spray data and videotapes recorded aboard 
the Mldgdt by CRREL 'I his process will aeate the 
post-auise model from the pre-cruise mod~1. Al
gorithms wi.1l be generated from the Mulgd! cruise 
information by the Univef5ity of Alberb for the 
following Variables: spray Oux II t various locations, 
5pmy frequency, spray cloud duration. spray jet 
height and sptlly jet location along the bul\"aM. 
Each spray "ariabl~ will be funcbonally iclatL>d to 
independent variables relative to weather and sea 
conditions, and 5hiJH>petating conditions. 

Model verification 
Differences betw~en model prediction and mea

surements aboard the Midgelt will be identified by 
running the model through weather. sea and srup
operating conditions Ide.nUcnl to those. that ~I~ 

ice as measured during the auise. Differences will 
be identified ~een the model's predictions and 
measurements. These diffl'tence5 will be used to 
identify logic.tl. deterministic: reasons fOf model 
error.lftherc is 1\0 functiunal reason for disagree-
ment, the university will use the Midgelt Ice n\C!a· 
suremcmts to gl.!ncrnte "calibration factors" to ~ 



applied to the model to make prediction more 
closely approach measured conditions. 

Significance of measurements made 
aboard the USCGC Midgett 

The spray and ice accretion measurements made 
aboard the Midgett are, to our knowledge, the first 
on a large ship. Ship dynamics, such as pitch and 
Toll, and freeboard, are largely a function of ship 
size. Since larger ships generally donot pitch or roll 
as frequently nor with the magnitude of smaller 
ships, bow-spray generation should be less fre
quent. tn addition, the generally higher freeboard 
on larger ships prevents some spray from reaching 
the decks or superstructure. Measurements made 
on the Midgett are significant for their uniqueness, 
in addition to their usefulness in calibrating and 
verifying the University of Alberta advanced icing 
model. 

RESEARCH CRUISE OVERVIEW 

The research cruise was made aboard the USCGC 
Midgett, a Hamilton-Class high endurance cutter 
constructed in 1972 (Fig. 1). Though not as large as 
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a typical Navy destroyer or cruiser, the Midgett 
served the purposes of this measurement project 
well The cutter has a "warship'" hull, similar to the 
Navy FFG·7 and Spruance hulls. It displaces 2980 
tons (2703 metric tons), is 378 ft (115 m) long and is 
significantly different in size and shape from Soviet 
fishing trawlers. Propulsion is provided by two 
diesel engines, for speeds up to 18 len (9.3 m l s), and 
two gas turbine engines, which take it to a maxi· 
mum of29 kn (14.9 m /s). The FFG·7 and Spruance 
destroyers are both powered by gas turbines, with 
performance envelopes similar to tha t of the Midgett. 

The ship's mission was Maritime Law Enforce· 
ment and Search and Rescue on an Alaskan Patrol 
(ALPAD, which induded the Gulf of Alaska, the 
Bering Sea and the Aleutian Islands. The patrol was 
a single ship mission, giving the Captain can· 
siderable flexibility that aided our research. In ad
dition, the mission took the ship into potentially 
severe weather areas where icing could occur, and 
significant spray does occur (Thomas and Lee 1987, 
RyersonetaL 1991). The cruise began 5 February at 
Alameda, California, and reached Kodiak, Alaska, 
by 16 February (Fig. 2). AIter leaving Kodiak, the 
Midgett entered the Bering Sea through Unimak 
Pass and remained there until the research team 

Figure 1. USCGC Midgett with 
CRREL jnstmmeniatiOIl. 
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disembarked at Adak, Alaska, on 13 March (Ap
pendix A). 

The Midgett was well-configured as a research 
platform. The measurement cruise was taken before 
the ship entered the FRAM (Fleet Rehabilitation and 
Modernization) program; therefore, the forecastle 
area was on the main deck, with stepped 01 and 02 
level decks ahead of the bulkhead supporting the 
bridge. These three locations-forecastle, 01 level 
and 02 level-provided excellent places for mount
ing instruments at various heights above the water 
and at various distances aft of the bow. 

Our mission was to measure spray flux and ice 
accretion on the Midgett at six locations, to record 
on videotape bow-spray events, to measure sea 
water temperature and salinity during icing condi
tions, and to obtain weather, sea and ship perfor
mance data throughout the cruise. 

Concurrent research work was conducted aboard 
the Midgett by members of the David W. Taylor 
Naval Ship Research Center. 

MEASUREMENT PARAMETERS 

Parameters related to spray and to icing were 
measured during the cruise. 

Spray parameters 
Variables requiring measurement for spray cloud 

modeling in the Alberta model include (Lozowski 
and Zakrzewski 1988): 

o 

I 
o 

15m 
I 
I 
50 ft 

1. Ship course and speed. 
2. Ship position (from which fetch is com-

puted). 
3. Relative or true wind speed and direction. 
4. Spray flux measured at six locations. 
5. Spray droplet diameters. 
6. Frequency of spray cloud generation. 
7. Duration of spray cloud residence. 
8. Maximum height of spray cloud above ship. 
9. Extent of wave impact area along bulwarks. 

Specific instrument types and exposure condi
tions were suggested by the University of Alberta 
for most measurement parameters. Spray collector 
openings must be oriented horizontally (facing 
upward) if mounted on decks and representing the 
flux received by the deck, and must face the bow if 
representing the vertical surfaces of the super
structure. Collectors mounted on decks and mea
suring flux from the vertical must have openings 
about 1 m above the deck to protect them from 
intercepting green water. Collectors measuring 
horizontal spray flux against a bulkhead should 
ideally have openings less than 0.33 m from the 
bulkhead. The preferred locations for spray mea
surement equipment on a Spruance destroyer (the 
original ship of choice for the research cruise), as 
specified by the university, are indicated in Figure 3. 

Units of measurement, ranges of expected values 
and acceptable error were specified by the Univer
sity of Alberta in Table 1 (Lozowski and Zakrzewski 
1988). Estimated accuracy of measurements taken 
aboard the Midgett are also noted. A maximum of 

Figure 3. Locations preferred by the University of Alberta for spray and ice measurement 
equipment aboard a Spruance destroyer (after Lozowski and Zakrzewski 1988) (P7P = position 
seven, port side, for example). 
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±5° 	degrees 	1/hrt 	±5°  

± 2° 	degrees 1/30 min* 	± 1°  

± 2 kn 	 knots 	1/30 min* 	± 1 kn  

± 0.1 kg/m 2  min kg/m2  min 1/mmn ± 0.5 kg/m 2  min**  

± 0.1t 	1  millimeters 1 /0.03 s 	± 0.05 mm  

Table 1. Range of expected values, and acceptable errors, for ship-board spray measurements (after Lozowski and  

Zakrzewski 1988) and estimated accuracy of measurements taken during the cruise.  

 

Variιιble 

 

Requested measu  rcn ueuu  ts  

	

Required 	Riuuuge  of  values  

	

fre'queiuciI 	Ext  renuc 	Moderate Acceptable  errors  

Estinuated  αcιιι rιτιι/  of  meσ s ιι reιιτ e ιι ts  

Un its  UJuiit 	Frequeuucui 	Estiuuuiuted  error  

Ship position,  
latitude and 
	

degree 
	 degree  

longitude 	minute 	1/hr 	 ±5 	i  minute 	1/30 min 	±2 min  

Time 
	

Julian day 	 ± 1 min 	 minute 	 ± 1 min  

Relative  
wind speed 	m/s or knots 	130 min* 0-35 m/s 10-25 m/s ± 1 m/s (± 2 kn) 

	
knots 	1 /hrtt 	± 3 kn  

Relative wind  
direction 	degrees 	1/30 min* —180 to 180  

Ship course*** 	degrees 	1/min 	0-360  

Ship speed 	knots or m/s 	1/min 	0-30 kn 	10-20 kn  

Spray flux 	kg/m2  min 	1/min 	0-50 	0-10  

Spray droplet  
diameter 	millimeters 	occasionally 	0.1-10 	0.1-10  

* And after any change of ship speed or course.  
*` Error was greater for horizontal collectors than for vertical collectors.  

**' With respect to true North.  
t A common sense rule should apply that any data are better than no data.  

tt Computed from true wind direction/speed and ship course/speed.  

15 sprays per minute could be expected, each with  
a duration of approximately 2 seconds. A maxi-
mum water mass flux of 50 to 100 kg/m2  per  
minute was expected. The maximum number of  
measurement hours necessary was 50 to 100. Spray  
flux data should be acquired at least once each 10  
seconds. Total acceptable spray flux measurement  
error was ±10%. The university indicated that 30  
minutes of recorded spray parameters under  a 
given set of weather, ship and sea conditions would  
be sufficient.  

The university requested that video cameras with  
time stamps record the frequency and duration of  
spray clouds, and the frequency of bow—wave colli-
sions. Cameras were to be located near the bridge,  
and preferably outside on bridge wings. Spray  
droplet size would be recorded and measured from  
"filter paper" that was to be exposed to spray  
clouds periodically.  

Icing parameters  
Variables requiring measurement for icing mod-

eling in the Alberta model include (Lozowski and  
Zakrzewski 1988):  

1. Ship course and speed.  

2. Slϋ p position (from which fetch is computed).  
3. Relative or true wind speed and direction.  
4. Air temperature.  
5. Air pressure.  
6. Relative humidity.  
7. Sea surface temperature.  
8. Sea water temperature.  
9. Ice accretion density, salinity, liquid frac-

tion and thickness.  
In addition to units of measurement, ranges of  

expected value and acceptable error were specified  
by the university in Table 2 (Lozowski and  
Zakrzewski 1988). Estimated accuracy of measure-
ments taken onboard the Miclgett during the re-
search cruise are also noted in Table 2. Suggested  
ice measurement instrument designs and ideal lo-
cations for these instruments were also provided  
(Fig. 3).  

Preferred conditions  
for measurements  

The University of Alberta specified the preferred  
range of environmental conditions, and the mea-
surement time for each set of given conditions, for  
best calibration of the model (Lozowski and  
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Table 2. Range of expected values, and acceptable errors, for ship-board ice measurements (after Lozowski and 
Zakrzewski 1988) and estimated accuracy of measurements taken during the cruise. 

Requested measuremelzts Estimated accz~racy of mcasurements 

Ralzse Estimated 
Variable Unit Frequency Extremc Moderate Error acceptable Unit Frequency accuracy 

Air temperature °C 1/30 min -30 to 0 -10 to 0 0.5° of l/hr ± 1°C 

Air pressure millibars 1/30 min 970-1040 980-1030 1 mb in.Hg l/hr ±O.l 
or l/hr 

Relative humidity percent 1 hr 30-100 70-95 2% °F* l/hr ± 1°F 

SST °C l/hr -1.8 to 10 -18 to 5 0.5°C °C l/hr ± O.l°C 
(O.l°C is desired) 

Seawater salinity percent l/hr 0-35 30-35 0.5% °C random** ± 1 ppt 

Accretion density kg/m3 899-1000 790-920 kg/m3 _t ±5kg/m3 

Accretion salinity ppt 0-35 5-30 ppt _t ±0.02 

Liquid fraction percent 0-45 5-20 

Ice thickness meters 1/30 0-1 m 0-0.15 5-10% meters upon ±lmm 
or l/min collection 

------

* Measured as wet bulb temperature. 
** From engine intakes, reduced by 4°C (also, from bathythermograph and direct measurement by sampling occasionally). 
t After shipment to CRREL. 

Zakrzewski 1988). In addition, categories of ex
pected spray rates and icing were suggested for 
each desired set of conditions. 

CRREL EQUIPMENT DESIGN 
AND CONSTRUCTION 

Design requirements 
Design requirements for the spray and ice mea

surement instruments were established jointly by 
CRREL, the Navy and the University of Alberta 
early in the design stage. Several requirements 
were modified as design progressed and after a 
shakedown cruise with the prototype instrument 
in early 1989. The instruments were designed for 
the greatest reliability and accuracy with the least 
disruption of shipboard routine. 

The Navy required that equipment installation 
should not alter ship structure. Welding to the ship 
would be allowed, but only in designated loca
tions. Attachment could be either to steel or alumi
num since most recently constructed ships have 
partially or totally aluminum superstructures and 
upper decks. 

The equipment was to operate independently, 
except for mechanical attachments, for at least 2 
weeks, without requiring data downloading or 
power recharging because of the period the ship 
could spend in heavy water. Power is not available 
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on decks, and high-voltage lines on weather decks 
are hazardous to personnel, especially if sharp 
instruments are used during ice removal details. 
No data transmission cables were to be run across 
decks because of hazards to personnel and the 
difficulty of penetrating bulkheads and decks. 

The instrumentation had to operate in extreme 
cold, wind, spray and ice conditions. The mini
mum design temperature was -lO°C, and the maxi
mum design winds were 40 m/ s. All hard ware had 
to survive severe ship motions, as well as green 
water impacts (solid sheets of water over the bow 
or large waves over the decks from port or star
board). Design green water loadings were about 
2900 kg/m2, and survivable accelerations are 6 g's 
in anyone direction. 

The equipment could not be large, cumbersome 
or heavy, so as to cause a hazard to the deck crew, 
or impair ship operations. Tall, heavy instruments 
can impose high moment loading on thin decking 
(typically l.O-cm-thick steel or aluminum). This 
might require doubling plates to be welded to the 
deck to increase its strength, and dock side crane 
services for equipment installation and removal. 
Tie-down cabling is also a hazard and its use was 
discouraged if it was to span deck areas traversed 
by personnel. 

The instruments could not create electromag
netic interference for the ship, nor be affected by 
electromagnetic radiation from the ship. In addi-



rion, opeTational status lights on the instruments 
had to be dim and red, with no lights being pre
ferred. 

Early prototype design and testing 
In the early stages of the project (summeT and fall 

of 1988), two research cruises were planned by the 
Navy-one to measure spray and the second to 
meaSUl'"e icc accretion. With this consideration, a 
measurement system was designed to measure 
spray on the firstcruise, and to be reconfigwed for 
icing measurement on the second to reduce cost 
and simplify haTdware construction. 

Several methods were proposed tomeasurcspray 
flux, all previously developed for measuring rain
fall. These induded tipping buckets, weighing 
buckets. tanks with floats, tanks with capacitive 
sensors and ultrasonic level detectors. The ri~ 
ping bucket was rejected because of ship motion; 
the count would be in I!rror and a tipping bucket 
could nol measure ice accretion. Weighing buck
ets suffer ncceleration effects and cannot measure 
ice. Buckets with a float and stilling well could 
measure waler depth but not ice thickness. Bud::
ets with a capacitive sensor and a stilling well can 
measure water-level but not ice on a bulkhead or 
a deck. 

Ultrasonic level detectors can measure water 
level in a bucket and measure the distance to a 
deck OT bulkhead. They also are not affected by 
ship pilch, yaw and roll. An ultrasonic detector 
would allow the measurement instrumentation 
to be used for two auises by changing the orien
tation of the sensor heads. 

Any collection bucket needed to drain rapidly 
to prevent data loss during periods of high spray 
flux. Several types of drain valves were exam
ined, including solenoid operated butterny, ball, 
gate, foo l and check valves. and air operated 
flapperand ball type valves. Wechoseaballcheck 
valve that could be opened with a compressed·air 
operated solenoid and closed with a spring. 

The first enclosure selected to hold all the pro
posed equipment and allow room to work on 
each subsystem without removing any of the 
other subsystems measured l.8m tall.. 0.8 m wide 
and 0.6 m d~p. This enclosure was too heavy, 
and potentially had too much moment fOT the 
deck,soa second wassclectcd that would hold aU 
necessary equipment but with much reduced free 
space. This enclosure was 0.9 m tall, 0.8 m wide 
and 0.5 m decp (Walsh et aJ. 1992). 

FInally, the Navy decided to make both spray 
and ice measurements on the same cruise, thus 

theeqwpmcnt had to mcilSUTe both variables with· 
out reconfigllTing hardware. This required dupli
cation or hardware and a more complex design. 

The prototype spray measurement system (Fig. 
4) collected spray through a 3O-an-diameter vinyl 
funnel that drained into a baffled Plexiglas rank. 
Water depth was mea5Ul'"ed with an ultrasonic 
lTanscluccr mounted in the tank top. A Campbell 
eRI0 data logger recorded the water level and 
drained the tank when full. The tank drained 
through the ball check valve, operated by an air 
solenoid. A door atop the funnel dosed when the 
tankdraincd, and when ice was being measured, to 
prevenllhe tank from filling more rapidly than it 

Figllre 4. Prototype CRR£L spmy atrd ice measurement 
systrrn aboard 1f,r Yorktownjor shakedown tests. 
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drained.. Spray was directed into the funnel from 
the horizontal with a 3()..cm·diametcr elbow 
mounted atop the runnel. 

Icc thickness ,,,as measured with an ultrasonic 
transducer aimed at a bulkhead. The transducer 
deviC\": was insti,.Ued to measun! the decreasing 
distance to the bulkhead as ice accretes.lIsdesign 
was effectively identicaJ to the final design de
scribed later. 

Prototype equipment tests: 
USS Yorktown 

One prototype spray coUcctor and ice accretion 
measutement system was tdtt!<i aboard Lhe USS 
Yorktown during the North SUu- exercises from 25 
February-19 March 1989. The equipment was 
mounted to the main deck about t m ahead of the 
bridge 6Uperstructure, and starboard of the ship's 
center Hne (Fig. 4). Weather during the crulse was 
relatively mild and calm. Temperatures did not 
drop below (yeez.ing; thus, no ice accreted.' 

Spray was nolmea.sured sucxcs:sfully during the 
uss Yorktom/l auisc. Spray entered theequlpment 
box,. but no spray WilS measured within the spray 
holding tank. No spray being measured may have 
betncaused by a leaking holding tank, by malfunc
tioning transducers, or by spray simply not enter
ing the hoJdmg tank. The latter could have hap
pened because.:tn automaric door atop the funnel 
may not have opened when necessary. or because 
of the design o( the coUection elbow-funnel con· 
nection. TheJO.cm~ametere.Lbow was I4rgerlhan 
the funnel openjng, allowing water running down 
its sides to escape.]n addition." pressure bulb may 
have (ormed ahead of the elbow because or inad· 
equate venting. preventing !:IPnI. y from entering the 
tank. The tank vent ""asoricnt~ into the '''ind. The 
boundary layer from the vertical surface immedi
ately ~hind the instrument may have :ldve~ly 
affected thecoUection process. Fmally, a gap below 
the automatie door -between the collection elbow 
and (unnel may have aUowed water to escape 
before It entered the funnel. 

Thl.' USS Yorktrr.vll Shaklodown cruise was an 
important step. It identified several serious de-l'i
ciencies requiring correction and indicated a need 
to redesign the eql1lpment before the final researcl\ 
cruise. Safety considerations during spray events 
restricted. deck access and prt'cluded identifying 
spcdfic ca~ of these dclkienci.e$ during the 
cruise. 

• Pl:nQflal communication 'Huh K. Knuth. CRRA.. ~tc'h 
198'1. 
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Final equipment design 

Desiglf COllcepts 
The final spray and ice measurement system is a 

seU-contained., integrat(.'<i unitdcslgned to operate 
independently and storedata internally WltiJ que
rled, as requlred for the prototype design (Ryerson 
et aI. 1991). The unit contains ind~pendent spray 
flux and ice lhicknt'Ss measurement sensors, a data 
logger control system, and pneumatic and electri· 
cal powersupplies. Allsystemsarecontained within 
a rectangular steel box having collectors for inter· 
cepting spray from the horizontal or vertica l, and 
an attached arm with uJ trasonic distance transd uc
crs aimed at a deck or bulkhead for measuring ice 
thickness. The arm is required to extend the trans
ducers beyond air streams affect¢d by the lI'trge 
instrument enclosure. In addjtion. mounting points 
are provided for additional instrumentation, as 
required. Spray flux is measured as a changing 
depth of water in a holdJng tank that drains auto
matically when water accumulates to a predeter
mined level. Ice thk kne:ss ismeasured asadecrease 
in distance (rom a deck or bulkhead to the trans
ducers. 

['IStrumttlt miglf 
Driving the mechanical design 01 the spray and 

ice measurement equipment was the need for a 
unit that could withstand environmental rigors yet 
be quickly installed and easily maintained. The 
equipment also needl.'Ci to be convcrtible to mom
tordec:ksor bulkheads without modification. Thus. 
the design incorporates a rugged outer shell that 
mounts to any decklng. with features allowing 
rapid C()nvl'rsion to fit the rcqu.lred monitoring 
situation. 

The rectangular outer shell. a reinforced stan
dard wea therproof electrical endosUJ'(" wi th mount
ing points (or various measurement configura
tions.ls Identical to the prototype unit (Fig. 5). The 
shell is designed to mce oncoming spray or green 
water with its narrow side fonvard, thus rooucing 
the fofffS Io"I\COuntfied.. The expos<.-d end is rein· 
(orced with angle- iron and a sheelsteei prow that 
also serves- to mount <lnd protect a commercial rain 
gauge. Provision is 1\1~0 made to mount an anemom
eter on the door of all units. A circular flange 
welded to the top of the shell allows attachment of 
spray coUec:tion acecssorfes. On the leeward end of 
the shell is mounted the icing transducer arm. 

A large (3O-cm-dlameter) funnel attached to the 
circular flange serves as a vertical spray collector 
(Fig. 6). Varioussi.zed apertures can be attad\ed to 
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Figure 5. Final CRREL spray and ice measurement system aboard the Midgett (01 Level unit). Visible from 
foreground to background are the icing transducer arm, the CRREL spray funnel with aperture, the Young rain gauge 
and the NWS standard rain gauge. 

Figure 6. CRREL funnel for intercepting deck spray from vertical (foreground) anc Young rain gauge.  
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the flange around the funnel to re-
strict the area and thus theamountof 
spray collected. depending upon the 
expected amount of spray. The fun· 
nel drains spray water into a holding 
tank where its depth is measured. 
When full, the tank automatically 
drains onto theshipdeck. A screen in 
the neck of the funnel excludes de
bris that could interfere with the o~ 
eration of the holding tank drain 
valve. It also automatically prevents 
most water from entering the tank 
during freezing conditions when it is 
not desirable to measure spray flux. 

ToTank 

t 

Bowl Barile 

Inlet COllar 

~ ... 

There is nothing in the unit to pre
vent spray from freezing because of 
the limited power availability. There
fore, droplets clinging to the fine 
screen wire by surface tension ra~ 
idly freeze in cold air, clogging the 
screen and inhibiting water entry. 

Figure 7. Collector mounted atop /lmnel for illtcreeptitlg bulkhead spray 
from horizOIdal (from Wals/, ~t al. 1992). 

A horizontal spray colJector also 
mounts above the funnel to the circu· 
lar welded flange (Fig. 7). This collee· 
tor must remove s pray droplets from 
the air s tream while minimizing dis
turbance of the natural airflow. The 
design promotes the free flow of air 
through the collector, reducing any 
prcssure bulb ahead of the inlet open
ing that would divert droplet-laden 
air around the collector. 

f ---\ o 

nle horizon tal s pray collector sepa
rates incoming air from the general 
air stream by diverting it around a 
convex baffle. Thechangeinnirdirec
tion around the baffle causes larger 
droplets to collect on its surface. The 
rim o r the baffle causes these droplets 

FigureS. Teflon-coa ted capacitance wire 0 11 tanksiries, with metal ground 
on tank bottom (lUll lid alld tallk top removed) (from Walsh et al. 1992). 

to coalesce and fall to the funneL The air and 
remaining smaller droplets then enter a chamber 
twice the cross-sectional area of the inlet opening 
and baffle annulus. This lowe~ the air stream 
velocity, promoting gravitationaJ fall of droplets. 
In addition, the airstream encounters a screen that 
scavenges and coalesces droplets, causing them to 
fall into the funnel A ring at the collector exit stops 
any spray collected on the inner walls from run
ning out and redirects it to the funnel. 

Water from the collection funnel flows into a 12-
L-capacity PVC holding tank. The tank drain is 
operated by a pneumatic cylinder connected to a 
ball check valve in the bottom of the tank. An 
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overflow line is also provided in case the valve 
malfunctions. 

Water depth is measured by a capacitance sys
tem, consisting of a Teflon-<:oated wire laced up 
and down inside the tank, wjth a metal rod tyingon 
the bottom of the tank as a ground (Fig. 8). The wire 
laced.around the perimeter of the tank helps reduce 
the effects of water movement from ship motion on 
measurement accuracy. The "plates" of the capaci
tor are the wire conductors, and the water is the 
ground. The wire insulation is the dielectric. As 
water rises in the tank. capacitance increases. This 
"capacitor" is part of an oscillator circuit with frna] 
output integrated to givea dc voltage proportional 



.-------------------~- -- ~ 

Ih~~pacilance.l1Usvohageisrecorded and, ""hen 
the- water rellch($ a predelenn'n~d depth, the con
troller program opens the draJn valve and ~plies 
the tank (Walsh et at 1992). 

When the lemperaturedropsbelow freezing...the
data logger disables the spray coUedion system 
and enables the ice measurement system. Jet' thick
ness is measured by an ultrasonic range finder 
operating at ISO kHz, Mih output converted into a 
voltage and read by the data logger. The range 
finder consists of a pair of transmit and receive 
bansdu~ mounted in .. box. on the 6O-<m.tong 
exlensionOlrm On th ... aft of tl1e main rolJection wut 

The icing transducer arm allows freedom of po
sitioningin two axes. Within a box at Ihe end oflhe 
transducer arm is a pneumaticcyUnder to control ., 
shutter p rotecting the transducers from salt. spray 
and ice. The data logger opens the shutter auto-
maticnllywhcnan ice thickness reading is required 
(Walsh., 01. 1992). 

Control system 
The controller for spray and tee measurement Is a 

Campbell CR10 data logger with an extemal716-k 
memory modwe and associated software. The soft
ware, a Campbellspecificcommandser; was written 
to make spray or ice measuremen~ depending on 
the outside h ... '1l'Ipenture (Walsh et a!. 1992). 

Spray is measured when air temperatu res are 
abovefreez.inSiand ice thickness ismeasured when 
temperatures are below freezing. Set point tem
perature; were varied m the field, but were gener
ally near _2.5°C for transition to U\(~ ice measure
ment mode from spray meilSureme.nt and O.5OC for 
transitions from ice to spray measurement (Walsh 
et at 1992.). The temperature sensor triggering the 
data logger ice or spray measurement modes Is in 
the bo.x at the end of the transducer arm. 

In gencrl1l. spray was not measured during idng 
because no deicing capability was- possible in the 
unit with the limited power available. The freezing 
screen and opening of the tank drain valve (the 
iatler c:ontrolled by the data logger) during thE.'Se 
condltions prevented the tnnk from freezing soUd 
with ice. 

Equ.ipment ca.libration 

Medllmim/ system 
The only calibrated mechanicaJ componem was 

the horizontal spray collector (Ryerson et ail.991). 
Initial low-speed tests were done at 5.3 mls 10 
v6lfy thl! optimum design. With a final design. 
higherspetd. calibration runs wereconducled with 
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a prototype unit mounted in the bed of a pickup 
truck. Collec-tion eHicienctes varied from 100% 111 
lAm/sto about75% at-19.4 m/s (Walshet t\l. 1992. 
Fig. 19). ln nll tests,spray was injected asa fine mist 
consisting of approxim,l.tel )'O.s-.mm-diamettl dro~ 
lets, a worst case analysis since the collection effi
ciency for small dropl~ is lo\~ and the)' tend to 
stay entrained in the air stream. 

Spray IIIcaSllrcWII;mt system 
Each spray colle<;tion lank was individually cali

brated by filling it with known quantities o f fresh 
" rater at Ie-ast three times. The resultant callbration 
fadors of all units were then compared and found 
to be within 1.5% of each o ther, thus allowing the 
tanks to be interchanged. Thcsemeasurements-wcfe 
done al room temperature. The tanks were not 
calibrated with salt water (Walsh et at 1992), 

lee metlSllrcmt,d system 
The ultrasonic device used to measure ice accre

tion was tested in a CRREL coldroom at -'fOC in a 
spray booU, with snlhNl\ter spray. The resultant 
thickni!St> .,sreed withi.n 3% when measur<.-d r~ 
peatedly with it micrometer. The device operated 
reliably la-lOOCifstarteci at a higher tempuature. 
However, when the units were cold soaked at 
- l 00C and powt"red up, the ellX:tronics fu1J\'d. Only 
one such lest was made because o( the cost or the 
electronics. 

Video sY$tem design 
T\\·o identical video systems were placed on the 

Midgett for redundancy . .Each consisted of a oune,.l 
unit and "* monitoring unit. The camera unit is a 
watertight illuminurn cylinder containing ,I vid(.'O 
camera, defroster and wjndshield wiper and 
washer. The camera unit mo unts on a deck or 
bulkhead and is artirulated to allo w aiming of Ihe 
camera, which must be done manually lFig. 9), 

The video system wilScold· tested at-10"C for 10 
days whjl~ the wash-wipct deVice ran automati
cally. No problems were encountered during the 
test. However, the washers falled immediat~ly upon 
installation on the ship and the peristaltic pumps 
weren.!placed with automobile windshield washer 
pumps. 

The monitoring unit contains a CRT monllar, il 
VHS video recorder wHh time stamp capability 
and controls (or automatically operating Ihewasher 
,and wiper on the camera unit (Fig. 10). The moni
toring-unit \vas installed within the ship. The wipe 
and wash cycles can be (!ontrolled manually or 
operated at intervals automlltically. 



Figure 9. Video camera system mounted on the Midgett's flying bridge. 

Figure 10. Video CQltlf'm control anter Oil tire Midgett. 
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ANCILLARY EQUIPMENT 

Several other instruments were used aboard the 
USCGCMidgett to provide additional data toveriIy 
the CRREL spray and ice measurement instru
ments, or to provide additional information for the 
University of Alberta. 

Young rain gauges 
Two Model 50202 automatic rain gauges manu

factured by the RM. Young Co. were installed on 
the spray instrument boxes (see Fig. 5). The Young 
gauges are seU-siphoning and require power for 
capacitance depth measurement electronics and 
for a heater that keeps the robing thawed in sub
freezing weather. The heaters were not used on the 
Midgett cruise. Similar designs are used at sea in 
data buoys (Holmes and Michelena 1983,Michelena 
and Holmes 1986). 

Each rain gauge was mounted on the front of 
spray units to avoid turbulence effects created by 
the CRREL units. Horizontal collectors were not 
attached to the Young gauges; they intercepted 
vertical spray only. Therefore, they were mounted 
on CRREL units only intended to intercept vertical 
spray for direct comparisons. 

National Weath er Service 
precipitation gauges 

Two Model 6310-A StaI'.dard Rain and Snow 
Gauges manufactured by Qualimetrics, Inc., were 
installed to check. measurements made by the auto
mated gauges (Fig. 11). These are non-recording, 
standard National Weather Service (NWS) gauges 
built to National Oceanographicand Atmospheric 
Administration (NOAA) specifications. Each gauge 
was mounted within a protective steel tube and 
intercepted spray from the vertical only. The gauges 
were mounted in front of the CRREL and Young 
units to avoid turbulence effects. 

No data are presented in this report from these 
gauges. They required manual measurements, and 
personnel could not reach them with suffi cient 
frequency during heavy weather to make useful 
measurements. 

Young anemometer 
A Young Wind Monitor Model 05103 was 

mounted on the side of a CRREL spray unit, and 
about 2 m above the deck (Fig. 12). The unit, mea
suring wind speed and direction, was originally 
developed for ocean data buoy use. Considerable 
data were lost because of salt water intrusion that 

-

-- - -

Figure 11. National Wenther Serviu precipitQtioll gauge moullted on tile Midgett's 01 level. 
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Figure 12. Universal flying particle Mmera, RosemOllll1 ice detector and Young anemometer mounted all the 
Midgett' s 021evtl. 

damaged electrical connections. In addition, the 
instrument was mounted within a transition zone 
between the free relative wind around theshipand 
the turbulent boundary laycr that extended at times 
over 2 m ahead of the forward bulkhead. Data from 
this instrument are not discussed in this report. 

Salinometer and 
digitailhennomeler 

Sea water temperature and salinitywererecorded 
manually with a portable. digital thermometer and 
digital salinometer. The non-recording digi tal Quick 
thermocoup1e mini-thermometer had a resolution 
of l°e. 

Sea watersaUnity was measured with a Labcomp 
lnstrumentsModel SCTSalinity. Conductivity, and 
TemperatureAnalyzer. Theinstrument had a reso
lution of 0.1 ppt from ~.9 ppt. However, the 
instrument had several shortcomings for our appli
cation. Response time was very slow (about 3-5 
minutes) because of the probe design. In addition, 
though the instrument could read water tempera
tures to _5°C, salinity readings were not reliable 
until water waswarmro tonear room temperature. 

Measurements of seawater temperature and sa
linity were made by dropping a 2-L stainless steel 
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bucket overboard and measuring temperature im
mediately on deck. The water was then wanned to 
room temperature, and salinity measured. (several 
hours after the sample was taken). Seawater samples 
could nol be taken in heavy weaUler because access 
to weather decks was secured, nor when shi p speeds 
were greater than 10 1m (2.8 m/s) because the 
sampling bucket couJd not be retrieved safely. 

Universal £lying particle camera 
Droplet sizes in the spray cloud enveloping the 

ship were recorded with a uni versa! flying particle 
camera developed at CRREL (ltagaki and Ryerson 
1990). Droplets were "frozen" in flight on video
tape with a camera aimed at a high-speed strobe 
light. Droplets as small as 100 11m can be resolved 
and measu.red in the 1.4-cm3 sampling volume. All 
electronics were placed in watertight enclosures 
for mounting on the Midgett (Fig. 12). 

University of Alberta 
ice penetration probe 

The University of Alberta supplied hvo ice penetTa
tion probes for use on the Midgett (Lozowski and 
Zakrzewski 1988). The probes were designed to be 
inserted into ice on ship decks and bulkheads, ex· 
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tracting an ice core of known diameter. Each unit was 
nominally 50 cm long and 6 cm in diameter, fully 
assembled. Although they were tried several times, 
the probes could not successfully remove ice samples. 
The probes were replaced with standard putty knives. 

Rosemount ice detector 
An automatic aircraft ice detector, Rosemount 

Model 871FΑ, was mounted to the ship to measure 
ice accretion rates (Fig. 12). The Rosemount Model 
871FΑ was designed for use on helicopters. The 
instrument measures only icing rate. 

Ice is detected on a 0.6-cm-diameter by 2.54-cm-
long probe that vibrates axially at 40 kHz. Ice 
accreting on the probe lowers the probe frequency 
until, after about a 200-Hz drop, the probe deices 
with a heater and the cycle begins anew. Typical 
ice thickness to accrete per deicing cycle is 0.5 mm 
±25%. Results for this instrument are not pre-
sented in this report. 

VHS camcorder 
A standard VHS camcorder was taken aboard 

the Midgett for recording conditions not visible 
from the two video cameras mounted on the 
Flying Bridge. The camera operated well in the 
cold, but was only protected from spray by a 
plastic bag device that was manufactured to pro-
tect the camera during shallow water diving. 
-Operation of the camera inside the watertight bag 
was difficult. Some images were ruined because 
portions of the bag interfered with the camera 
lens, and sound quality was poor because the 
microphone rubbed against the plastic. A water-
proof camcorder would have been more useful. 
The camcorder allowed us to record ice sampling 
procedures, spray generation along the ship sides 
and ice removal operations on the main deck. 

EQUIPMENT INSTALLATION 
ON USCGC MIDGETT 

From 21 January-6 February 1990, the sea spray 
measurement equipment was installed on the 
Midgett for deployment to Alaska. The Midgett 
presented an excellent platform to conduct the 
work because it offered decks at various levels to 
place instrumentation. The deck-mounted equip-
ment consisted of six CRREL spray and ice 
measurement system boxes, two Young rain 
gauges, one Rosemount ice detector, an anemom-
eter, two video cameras, the universal flying par-
ticle camera and two standard NWS rain gauges. 

Spray collectors 
CRREL spray measurement units were installed 

on the main deck, 01, 02 and flying bridge levels of 
the ship (Fig. 13). Each unit, weighing approxi-
mately 550 lb (250 kg), was placed by USCG Sup-
port Center Ship Repair Division personnel using a 
crane with 70-ft (21-m) boom. Units were lifted 
with hooks placed through the attached lifting eyes 

04 Level (flying bridge)  

01 Level  

Main Deck  

Figure 13. Locations of CRREL spray and ice measurement 
systems, video cameras, Young rain gauges, NWS precip-
itation gauges, Young anemometer, flying particle camera and 
Rosemount ice detector (N = National Weather Service 
rain gauge, Y = Young rain gauge, C = CRREL spray u/lit, 
R = Rosemount ice detector, A = Young anemometer, V= video 
camera, F = Flying particle camera system, p = port, s = 
starboard, c = center). 
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at their corners and positioned approximately at 
the desired locations. This operation required two 
men on the dock to attach the loads and two aboard 
the ship to remove the loads. 

Two units were installed roughly symmetrically 
about the center line of the ship on the main deck 
(Fig. 13). Exact location was dictated by plates 
placed adjacent to the ladder from the main deck to 
the 01 deck for a Navy-sponsored experiment con
cerning ice removal tools. The spray interceptors 
were installed for horizontal collection. The boxes, 
ultrasonic transducers and horizontal collectors 
were aligned to be approximately perpendicular to 
the bulkhead, which was curved at the point of 
placement. The units were attached to the deck 
with steel chairs provided by CRREL. 

One collector box was installed on the 01 level 
(Fig. 11 and 13). Equipped with a Young rain gauge, 
it was placed off the center line (to port) to avoid 
shadowing by the antenna anchoring stanchion 
located at the deck center line. The stanchion ex
tends at least 4.5 m into the air. The transducer was 
positioned to the starboard side of the unit to 
measure deck ice accretion at the center line. This 
level was also fitted with a NWS gauge in front of 
the collector box. 

Two units were installed approximately sym
metrically about the ship's center line on the 02 
level (Fig. 12 and 13). The starboard unit had the 
Young anemometer installed. Both were aligned to 
allow the transducers a perpendicular look at the 
bulkhead, which was slightly curved at this loca
tion. Because of concern for the thinness of the 
aluminum deck (0.5 cm) at the 02 level, a O.5-cm 
doubler plate was obtained from the ship and 
pieces cut for welding to the deck prior to welding 
on the spray unit chairs. Horizontal interceptors 
were installed on both units. 

One unitwas located on the port side of the flying 
bridge (Fig. 13). Placement location was limited by 
the lookout station, which took up most of the deck 
area. A canvas tarp, usually placed on the rails of 
the outboard wings, was not installed to minimize 
interference with the spray collection and video 
cameras' field of view. The transducer was ori
ented to measure deck ice accretion. 

Video cameras 
Two video cameras were mounted on the deck of 

the flying bridge (Fig. 9 and 13). Installation prob
lems experienced with the video cameras supports 
the idea of developing self-contained equipment. 
Cables were attached to the railings and run to 
stuffing tubes on the port side of the bridge. The 
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cables were then run down into the bridge above 
the Captain's chair, across to the starboard side 
near the quartermasters' watch station and through 
cable raceways to the 02 level. From that point, 
interior raceways and cable trunks were not avail
able. The cables were run down from the overhead, 
adjacent to a fire station at the athwartships pas
sageway running adjacent to the Captain's cabin, 
then down the ladder well to the 01 level overhead, 
across the corresponding passageway on the 01 
level and into the officers' conference room, which 
was being used by the researchers. Cables were tie
wrapped together and attached to perforations in 
the overhead panels where required. The 30-m 
cable originally attached to the cameras was barely 
adequate to reach the termination point in the 
conference room. Connectors were removed to 
facilitate passage of the cable through the stuffing 
tubes at the flying bridge, and then reconnected 
using spares brought along. 

Universal flying particle camera 
The universal flying particle camera was mounted 

on an aluminum channel held to the 02 level deck 
by four supports welded to, and extending over, 
the edge of the deck (see Fig. 12). Video and power 
cables and washer fluid tubing were tie-wrapped 
to the railings above the camera, and run to and 
through the air castle. The air castle was penetrated 
with a hole saw and the opening sealed with a PVC 
bushing set. From the air castle the cables were run 
to the athwartships passageway and a second set of 
penetrations with similar fittings was made under 
the ladder well to the 02 level for additional protec
tion. The cabling was then carried from the over
head through the existing opening in the bulkhead 
separating the passageway and conference room. 

Rosemount ice detector 
The Rosemount ice detector was mounted on a 

port side stanchion at the 02 level. Cabling was run 
to the conference room in the same fashion as the 
universal flying particle camera, also on the same 
level. 

National Weather Service 
precipitation gauges 

The relatively fragile NWS standard precipita
tion gauges were mounted inside pieces of 0.3-m
diameter steel pipe approximately 1 m long. On the 
01 level, the NWS rain gauge pipe was welded 
directly to the deck along its full circumference. On 
the flying bridge, small steel tabs cut from angle 
iron were welded to the base of the steel pipe and 



held by screws to three aluminum pads weldl>(1 to 
the deck. This mounting was considered adc.oquate 
beca~ it was not subject 10 extreme forces on the 
flying bridge. 

Problems encountered 

Gwling 
There were problems with running cable (rom 

the exterior to the interior of the ship because 
vacant stuffing tubes were vtrtUilUy nonexistent. 
The easiest way was to drill and place fittings 
through the air castle, and carry cabling Inside 
through. the tubE-s. Ship's penK»lnel were reluctnnt 
to authorize permanent alterations, especially pen
etrations Into living spaces or mngazines forward 
of the air castle because of continualleakt\gc prob
lems those penetrations cause in heavy seas. The 
best solution appeared to be using the 01 level to 
penelrate lheaiT castle between two y.>eather decks 
where any \'later leakage will not cause problems. 

Space 
Adequate and appropriate berthing space was 

limited b~U!;C' extra junior officers were carried 
on board. Small researdl parties (1-2 people) are 
probably the most a ship can accommodate for an 
extended period of time (Coast Guard ships do 
carrywonlenand gender-should not limit theselcc
tion of pcr50nnel to ride the ship). Advance ar
rangements must be made with the ship's Execu
tive Officer. 

Generot cargo s torage was also a proble.m. We 
solved this using knock-down boxes that could be 
rapidly reassembled using n power screwdriver on 
the deck or in a hold. Storage was availabl~ in the 
anchor windlass room and hawser s torage locker-
bosun's stores area for oab.'S. One or two crates of 
accessible-storage were nect!Ssury to keep ava.Uable 
items that were frequently needed by the research 
party. 

Alfaaltnt'llt$ to the decks 
Decks were thin. Welding requires a fire watch in 

any interior compartments below and behind the 
welding, as well as removing insulation, relocating 
cabling, etc., which may bedamaged by it,Cru.ts for 
chdlian firms were high. Several types of welding 
were needed-aluminuml high yieJd steel, mild 
steel, etc.-that has to comply with Coast Guard 
specifications for work to maintain the ship'sstruc
tural integrity. The unevenness of the deck area in 
some locations did not permit ready installation 
and direct welding of tl,e spray unit chairs, which 

19 

require an even surface (Walsh et al. 1992, Fig. 9). 
The solution was to weld s teel angle s tock along the 
deck and then weld the chairs to the angles. Declc 
camber n"'quired that drdin holes be drilled in the 
rear of each box to ensure rapid drainage of any 
water In Ule enclosure. 

Suroivability 
DTRC computt'd dl'('k wetness to nssess the sur

vivability of units on the main deck. Units near IhE:' 
bulkhead were likely to survive wIthout dam.'lge. 
However, survivability concerns for oneunil that 
we proposed be mounted forwa rd of the 
hawsepipes caused it to be deleted. Vidoota»\--s 
takcnduringa pre\ious passage from Alaska to the 
continental U.S. by the Midgl!tt indicated that the 
hurricane bow "scooped" a signlficnn t amount of 
water and that any unit placed inthisarea would be 
,"xposed directly to "green water" Impact and prob· 
ably destroyed. 

Crnr removal 
A t northern ports or caU, gear removal is diffi

culL "he size and weight of the units makeremoval 
ne«-ssary at a IOCMion where crane servi<.'\'S are 
available. Removal must be accomplished in the 
short period 0 -2 days) of a stheduled port visit 
while theaew is primarily dedicated to replenish
ing the ship and nol available for Mslstance. 

On the Midgt'1t. It was necessary (or the research 
team to terminate work several days befor~ the 
final port call to disusscmble and pack instrumen· 
l;ltion prlor to removal from Iheshlp.Thecrew was 
reluctant to have the equipment aboard withollt 
personnel to maintain it. Where the gear is special· 
ized, costly and not easily replael>d, it is in the bl'St 
interests of all concerned to remove it- as soon (ts 
posSible. 

EQUIPMENT CONFIGURA nON 
AND OPERA nON 

CRREL equipment configuration 
TIll" Coast Guard Cu tter Midgelt superstructure 

configuration was ideal for spray and icc measure
ment research. Decks were stepped at theOl and 02 
levels, with considerable deck s-pO\ct on each level 
(or eqwpment piaC"ement, unlike ~ a"yships, which 
frequently have a single bulkhead several levels 
high from the main deck 10 the bridge. Our goal 
\"las to place equipment so ns to get the greatest 
number and variety o( locatlon.,; (()r spray <,nd ice
thickness measurement. yet 10 place equipment in 
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Figure 14. Scale plan view of illstrume"t locations on the Midgett's deck. (Scale in center is disttmce ill feet along tilt! 
unter ti'le from tilt bow al tile waterline.) 

exposures sufficiently similar to allow compari
sons from place to place. The equipment had to be 
in locations that would not h.inderdeckcrew opera
tions, and where welding and instrument weight 
and moments would not damage the sh.ip struc
ture. Lastly, the measurement locations had to 
satisfy the needs detailed by the University of 
Alberta researchers for calibration and verification 
of their advanced icing model (Lozowski and 
Zakrzewski 1988). 

Spray and ice measurement equipment was 
placed at four levels on the Midgett: main deck, 01 
level,021eveland flying bridge(Fig.13and 14). The 
bridge wings were too small for spray equipment, 
causing a two-level gap between the 021evel and 
flying bridge locations. At the main deck and 02 
level, equipment was also placed on the starboard 
and port sides as near as possible to the bulwarks 
for measures of spray flux and ice growth changes 
with regard to the ship side as well as with height. 

Main deck units were placed approximately 1-2 
m forward of the main bulkhead, and about 2 m 
inboard of the bulwarks (Fig. 13. 14 and 15). These 
locations were free of obstructions, did not seri
ously hinder deck operations and were somewhat 
protected from green water impacts because of 
their inboard location. Being 1-2 m forward of the 
main bulkhead allowed ice accretion without ex
tensive shadowing of the bulkhead by the equip
ment. The main deck units also were not located 
farther forward because: they would be sheltered 
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Figure 15. Main dtc.k starboard spray and ia! measure
nlmt IItlit. 



by the S-in. gun. They were not p laced forward of 
the gun because of limited deck space', and the 
possibility of damaging green water impacts. 

The main deck units were configured to measure 
spray striking the main bulkhead because of their 
prOximity to it. TIlerefore, they were fitted with 
horizontal collectors. The ultrasonic transducers to 
measure ice thickness were aimed at the main 
bulkhead approximately 2 m above the deck sur
face. This bulkhead was curved, and this may h.we 
contributed to Ice thickness measurement prob
lems, as discussed later. No other equipment was 
coUocated with the main deck units. 

The 01 level spray and ice measurement unit was 
placednbout 1-2m aftofthe forward portion of the 
deck, approximately 1 m port ortheship center line 
(Fig. 13, 14 and 5). The off-center location was 
necessary to avoid a mast carrying communica
tions antennas. Locations near the bulkhead were 
shadowed by gun mounts and would have blocked 
a door providing access to a magazine. Because of 
Its fonvard location and OUfneed for measurement 
variety, the 01 level collector was configured to 
measure spray from the vertical, i.e., spray that im
ptoges the deck surface. The ice measurement trans
ducer was therefore aimed at the deck's nonskid 
surface on the ship center line (Fig. 5). 

Equipment co llocated with the 
CRREL 01 level spray and ice measure-
ment hardware were a Young rain 
gauge mounted on the forward end of 
the CRREL unit, and a NWS precipita~ 
tion gauge placed on the deck forward 
oftheCRREL and Young units near the
rail (Fig.S). Thisequipmentwas intend
ed to cross check measurement t1CCU

"''Y. 

• 

The 02 level spray and ice measurement equip
ment was intended to match the maJn deck units, 
but two levels higher to observe the spray nux 
gradient. The anemomel'er, universal flying par
ticle camero and Rosemount lee detcdOr were lo
cated at the 02 level because of the relatIVe ease of 
cable penw-ations into the superstructure at this 
location, and to protect the equipment from dam
:tge by crew or green water. The 021evel deck was 
isolated, being accessible only by ladder from the 
Ollevcl. It was never used by crew and was imme
diately forward of the Captain'S s tateroom. 

The flying bridge spray and ice m('tlsurement 
unitwss given a vertical measuring configuration, 
identic<11 to theOl1evei Wlit (Fig. 12, 13and 16). The 
ice measurement transducers were aimed at the 
nonskid deck su rface. The entire urnt was located. 
several meters port of the ship center line to avoid 
interference with the flying bridge lookout posi
tion. A1so, as on the 01 level, il Young rain gauge 
was mounted on the front of the CRREL urnt, a nd 
aNWS precipitation gauge was located on thedeck 
forw-ard of this. 

The video cameras for viewing bow spray were 
located on the forward edge of the flying bridge 
deck, overhanging a canopy over the top of the 
bridge windows immediately below. The cameras 

Equipment located on the 02 level 
was configured similarly to the main 
deck equipment, with horizontal col
lectors and ultrasonic transducers 
aimed at the bulkhead ail of the units 
(Fig. 12, 13 and 14). The units were 
located on the starboard and portsides, 
about 2 m from the ship center line. 
CoUocated on the 021eveJ was a Young 
anemometer mounted to the s tarboard 
unit's door. Also ill this location were 
the flying particle camera mounted to 
the 02levcl deck and hanging over the 
fron t of Ihe011eveJ bulkhead (Fig. 12), 
and the Rosemount ice detector 
mounted to the rail port of the center 
line (Fig. 12). Figure 16. Flying bridge spray Qlld ice mCllSurement Imit. 
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W~ located on the extreme starboard and port 
sides of the flying bridge deck to provide diHerent 
angles o f view, and because they could not be 
located in the center of the flying bridge owing to 
interference by the watch statio n a lr deflecto r. The 
high location provided an enco mpassing view of 
most oflhe main deck, was relatively free of spray 
and was completely free of gn.ocn water (on the 
Februnry-March 1990 cruise). The location also 
allowed relatively easy maintenance of the equip
ment. 

CRREL equipm~t operation 
Spray and ice eqwpment operated automati

cally, but was programmed to record spray or icent 
specific intervals and within specific temperat\.l.re 
ranges. Spray tank water depth voltages.~mea-

5ured by the data loggers every SKOnd. and aver
age voltages wCfe s tored in memory for each 12-
second period. This measuren\(.'llt procedure re
mained unchanged throughoutthe resean:hcruise. 

Spray was measured when ....... erairtempen1ture. 
as measured by a thermocouple in the transducer 
box, was higher than - 1.5"C prior to 15 February. 
and higher than _2.5'1C after 15 February. If air 
temperature dropped below these thresholds, the 
spray modestopped and ice measurements bc..-ogan. 
When air temperature increased above O.5"C prior 
to 15 February, or ~.5'1C after 15 February, the 
units l1utomaticuUy switched back to the spray 
measurement mode after being in the ice measure
ment mode (Walsh et al. 1992). Spray WilS mea
sured at the same: frequency from the Young rain 
gauges, and in the same temperature range, Ice 
measwements were made every 15 to 30 minutes 
to conserve battery power and air tank pressure, 
and because ice growth ra tes would not be suffi
dently ra.pid to wa.rraJ'lt more frequent measure-. 
menls. 

Wind. speed and dj rectlon were read from the 
Young anemometer initially every minu te. and 
average speed. direction and gush\'ere stored once 
per hour. Aft>:!r 15 February, wind speed, gust and 
dir~"Ction were 'read and recorded every minute. 
Voltages from the RosemOlUlt ice detector were 
read and recorded each lOseconds . The NWS rain 
gauges were r('ad very lnirequently be:cause 
wellther decks were o ften. clOied. 

The Oying bridge video system was always pow
ered to keep the cameras warm. The video r'ccoro
ers were operated wbeneverspraywasexpec:tedor 
observed owr rhe bulwarlcs. The camera affording 
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the best view. from starboard or port, was used. 
depending upon thedrcumstances. Tworecorders 
were a lways used to produce a backup ta~_ 

The wtiversaJ flying particle camera was oper
ated whenever spray was expected to reach the 02 
levcl. Even though it could operate at night because 
of the strobe light, this was never done because \\Ie 
could not observe spray from the flying bridge 
video cameras. 

Ship equipme.n t: 
coruigwation and ope.ration 

Weather and sea conditions were measured pri
marily whh ship-owned equipment, operated and 
maintained by the quartermasters. 

Air temperature was measured with a mercurial 
t hennometer located within a small shelter at tached 
to the inside of thtstarboard bridge wing toOl ..... hite 
paintoo aluminum bulkhead below Ihe cail. The 
shelter was aboutU.3 m square wi th a natural wood 
finish. 

Wet bulb temperature was InitiaUy ml."4sured 
from a thermometer within the a ir temperature 
shelter, with a sod: over the bulb immersed inawp 
of water. A sling psychrometer and Psychron on 
board were repaired at sea., and thequartennasters 
were taught how to use these instruments. How
ever, wet bulb readings, and thus relative hwrudi
ties, are suspt."d because the sling psychrometer 
and Psychron were frequently not allowed to cool 
to a stable temperature, especially in subfreezing 
temperatures. 

Wind speed :lnd dlrtrtion were measuroo with 
an Aerovane anemometer locatedon the port yard
arm on the forward mast. Relntive wind was can· 
vetted to true wind with a hand-held navigahon 
ca.1cuJator. During the cn.tise the wind direction 
display on the bridge failed . Quartermasters then 
looked at the sensor'sdirection on lhe yardann a nd 
judged the azimuth angle by eye, or called the 
com.bat Wormation center for eI reading (rom the 
display for the Acro\.une located On the starboard 
ya rdarm of the forward mast. 

Air pressure wa!ftakenfroma barogmph locat.ed 
on the bridge. Wave and swell direction and height 
were estimated by cyeusinga Beaufort chart on the 
bridge for guidance. Night observations weft fre-
quently indicated as obscured because of darkness. 
Water temperature:, were recorded from an cngine 
coolant intake :lnd were estimated by the quarter
mnsters as- I to ,,'Ie too high, and were cotTCcted by 
the quartermasters (or this in the ship's logs. 



SPRAY DATA COLLECTED 

Spray flux ~oltage problems 
Spray flux was measured during the entire re

search cruise, except for periods when data were 
being downloaded, equipment was being repaired 
or serviced, or temperatures had dropped below 
the threshold conditions that initiated ice measure
ment instead of spray measurement. Spray was 
initially recorded as a voltage from the capacitance 
system, and later converted, in a two-stage process, 
to spray flux. 

Voltages indicating water depth in the collector 
tanks were measured each second by the data 
logger, and averaged over 12-second periods and 
stored in memory. Plots and discussions in this 
report are of I-minute averages of the five 12-
second averages per minute because the Univer
sity of Alberta required I-minute fluxes. Voltages 
are plotted in Greenwich Mean Time (GMT) in 
minutes starting from 0000 GMT 5 February 1990 
(Fig. 17, Appendix B). Twelve full days of plots and 
portions of others are missing because of days in 
port, icing and instrument down time (Table 3). 

The collectors were designed to intercept spray 
either from the verticat as with the 01 level and 
flying bridge CRREL and Young units, or from the 
horizon tat as with the main deck and 02 level 
CRREL units. Accretion of spray causes the water 
level in each tank to rise, increasing voltage output 
from the capacitance system (Walsh et al. 1992). 
When operating properly, a full tank on a CRREL 
unit, just before draining automatically, should 
register 2100 m V, and 2400 m V for a Young gauge. 
The minimum voltage that either unit should indi
cate, when at the minimum readable volume of 
water, was 130 mV. Voltages occasionally fall out
side of these ranges in the plots. Reasons for this are 
explained, if known. 

Table 3. Full days of missing spray voltage plots. 

5 February - ship left port late in day, within 
San Francisco Bay the entire day. 

11-12 February - subfreezing temperatures 

17-19 February - docked at Kodiak, Alaska 

23-24 February - subfreezing temperatures 

5 March - docked at Dutch Harbor, Alaska 

11-13 March - subfreezing temperatures 
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A properly operating CRREL or Young gauge 
will show an increasing voltage over time as spray 
is intercepted and stored in the tank. For example, 
virtually no spray interception by any units shows 
on 6 February until minute 2400, when a small 
pulse of spray enters the main deck port and star
board CRREL units (Fig. Bla). A small pulse of 
spray also reaches the main deck and 02 level units 
at about minute 2880. 

The main deck port and starboard units on 7 
February also indicate how the voltages change 
over time as spray is intercepted (Fig. B2a). Both 
units show a gradual increase in voltage, with no 
decreases until drainage occurs. The main deck 
port unit drains at about minute 4320, with a de
crease in voltage to about 140 mV when fully 
drained. 

Problems with the units begin to appear on 7 
February. Voltages in the 02 level starboard unit 
were somewhat erratic, and fluctuated at high fre
quency over a range of about 70 mV early in the 
day. On 8 February this fluctuation of voltage 
decreased in the 02 level starboard unit, but be
came apparent in the main deck port unit at a 
higher amplitude. This erratic behavior became 
more pronounced over time until fluctuation am
plitudes became extreme on the main deck units on 
10 February, and on the 02 level units by 14 Febru
ary. These large fluctuations were a problem 
throughout the balance of the cruise. 

Close inspection reveals patterns that suggest 
possible causes of the voltage fluctuation problem. 
Throughout the research cruise, the voltages fluc
tuated mainly in CRREL units measuring horizon
tal spray mounted on the main deck and 02 level. 
Few erratic fluctuations occurred in the CRREL 
units measuring vertical spray and in the Young 
gauges. Fluctuations in the Young gauges and ver
tical CRREL units on 21-26 February, 2 March and 
14-15 March were probably caused by water freez
ing in the tanks, as freezing of water is a drying 
process. 

The extreme low voltage of the CRREL 01 level 
unit from 13-21 February, essentially zero voltage, 
was probably caused by the tank being completely 
dry. When the unit drains completely, no voltage 
will register until water fills the valve piping and 
tank to the bottom of the capacitance system wir
ing. 

In generat there were no serious fluctuations in 
tank voltage until tanks had cycled through at least 
one drainage cycle. The exception is the smalt less 
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than 70-m V, fluctuations in the 02 level units on 7 
and 10 February. The first seawater drained from 
the CRREL units at the times listed in Table 4. 

Voltage fluctuations became more erratic and 
extreme as spray flux increased. An example of this 
occurs on 6 March, primarily after minute 42,660 on 
the main deck and 02 level CRREL units (Fig. B20). 
Voltages increase dramatically at about minute 
42,840 on the main deck, 02 level and 01 level units, 
including the Young gauge on the 01 level. Some of 
the apparent erratic behavior of the main deck 
units may be attributable to the tanks draining 
automatically near minute 42,900. The starboard 
and port units both nearly reach the 2100-m V auto
matic drainage voltage at this time, and voltages do 
drop in both units, suggesting that they have 
drained. However, voltages do not decrease to the 
140-m V dry tank voltage as they should. The port 
unit drops to about 1500 m V and the starboard unit 
to about 600 m V. This suggests that the tanks may 
not have drained completely, that spray entered 
more rapidly than drainage of the tank, or that 
there was another malfunction. 

A similar incident is observed on 9 March (Fig. 
B23). At about minute 46,160, ship propulsion was 
switched from diesel to turbine, and speed in
creased to about 22 kn. This "high speed run," 
lasting about 90 minutes during three course 
changes from head seas and wind to nearly beam 
seas and wind, produced large and frequent spray 

Table 4. First drainage times of spray units. 

The first seawater drained from the CRREL units at the 
following times: 

Main deck starboard-l 145 GMT 9 February (auto)' 

Main deck port-2345 GMT 7 February (auto) 

01 Level-about 0505 GMT 11 February (manual) 

02 Level starboard-2340 GMT 13 February (auto) 

02 level port-about 0505 GMT 11 February (manual) 

Flying bridge-24 February (manual) 

The first seawater drained from the Young units at 
the following times: 

01 Level-after about 1800 16 February (auto) 

Flying bridge-20l0 28 February (auto) 

'Auto refers to automatic drainage initiated by the data
logger after registering a full tank. Manual refers to 
manual drainage of the tank, using the air-operated valve 
system, when data were downloaded. 
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events, well-documented on videotape. As on 6 
March, the main deck and 02 level horizontal units 
recorded flux erratically, whereas the 01 level units 
performed properly, with increasing voltages as 
spray entered the CRREL and Young gauges. 

After approximately minute 46,220 on 9 March, 
no spray entered the collectors for the remainder of 
the day, at least during daylight hours, as indicated 
by the videotape record and suggested by the 
nearly steady voltages of the 01 level CRREL and 
Young gauges. However, the main deck and 02 
level horizontal units all begin to dramatically drop 
in voltage after Julian minute 46,220. Though the 
initial voltage drops on both main deck and the 
starboard 02 level units could be attributed to auto
matic drainage cycles, drainage does not explain 
the rapid voltage drop in the port 02 level unit 
immediately after time 46,220, nor the unsteady 
decrease in voltage in all four units throughout the 
remainder of the day. 

An explanation for erratic behavior of the hori
zontal collectors may be leakage in the drainage 
valves, allowing water to concurrently escape the 
tank as it was entering the top of the collector. 
Another might be RF interference by the ship's 
radar system with the data loggers or other elec
tronics inside each collector unit. 

Though each of these is a possible cause of prob
lems, they are unlikely causes. Each of the six 
CRREL collectors is constructed exactly alike, ex
cept for the installation of the horizontal collectors 
on the main deck and 02 level units, the Young rain 
gauges on the 01 level and flying bridge units, and 
the anemometer installed on the 02 level starboard 
unit. It is unlikely that an electronic or mechanical 
defect would affect only the horizontal collector 
units. It is also unlikely that RF interference would 
affect only the horizontal units, especially since the 
flying bridge collector, a vertical unit, was much 
closer to RF sources than were the main deck units, 
which showed the greatest problems. 

Since the only seriously affected units had hori
zontal collectors, the cause of their erratic behavior 
may be related to their interception of spray and 
wind from the horizontal. Because relative wind 
over the ship frequently ranged from 10 t020 mis, 
large volumes of air passed through the horizontal 
collectors. In addition, the large relative wind al
lowed the horizontal units to collect more spray 
than did the vertically oriented collectors on the 01 
level and flying bridge. In fact, the units ex
periencing the most erratic beha vior were the hori
zontal units on the main deck, which, by virtue of 
their position, collected the largest volume of spray. 



Possible causes of fluctuating 
spray tank voltages 

Main deck and 02 level tank voltages were com
pared to two environmental parameters measured 
aboard the Midgett using plots and inferential sta
tistics-relative wind speed across the bow and air 
temperature. Relative wind speed was selected 
because it is frequently greatest when spray flux is 
greatest, and the horizontal units were oriented 
into the relative wind and received considerable 
ventilation. The vertical units received little venti
lation, except perhaps that attributable to the Ber
noulli effect when air passed over the collector 
boxes. Temperature was compared to voltage be
cause it could systematically affect operation of the 
electronics and other parts of the units' hardware, 
though all units, horizontal and vertical, should be 
affected in the same manner by temperature 
changes. 

The plots suggest that relative wind speed is 

the tanks late in the day. From 15 February through 
14 March, with two exceptions, correlations are 
weakly positive or negative. Correlations between 
the 02 level tanks and relative wind speed are 
moderate to high on 7 March, and correlations are 
moderately positive on 9 March for all four units, 
where wind speed decreases throughout the day as 
voltage falls. 

Similar patterns of days stand out in the correla
tions between air temperature and tank voltage, 
though many are reversed in sign from the wind 
speed correlations (Table6). For example, tempera
ture correlations are generally negative and oppo
site in sign to wind speed on 7 February, yet most 
correlations are high and positive for both tem
perature and wind speed with 02 level tank voltage 
on 9 and 10 February. Temperature correlations are 
again highly negative on 14 and 25 February, but 
weakly positive on 28 February. The same con
fused situation holds for March, with high correla-

randomly related to voltage fluchlation 
(Appendix C). On6 February, main deck 
tank voltages increased slowly late in 
the day, indicating spray interception, 
and 02 level voltages were constant, in-

Table 5. Correlations of spray tank voltage with relative wind 
speed. 

dicating no spray interception. Correla-
tions with relative wind speed (after 
minute 1980) vary from highly negative 
for the main deck units to positive on the 
02 level (Table 5). Tank voltages on 7 
February increased slowly but steadily 
on the main deck and 02 level, and cor
relations are all moderately to highly 
negative (Fig. 18). Correlations are mixed 
on 9 February, with high positive corre
lations between the 02 level units and 
relative wind speed, and moderate posi
tive and negative correlations with the 
main deck tanks. 

Though correlation coefficients are 
generally low, the 10 February graph 
suggests a positive relationship between 
wind speed and voltage change on the 
main deck after minute 8200 (Table 5 
and Fig. C5). Graphic and statistical 
correlations between voltage and wind 
speed are strong for all four units on 13 
February. However, despite large vol
umes of intercepted spray on 14 Febru
ary, correlations between wind and tank 
voltage are weak or highly negative. No 
correlations were computed for 21 Feb
ruary because many of the voltage fluc
tuations are a result of water freezing in 

6 Feb 
7 Feb 
8 Feb 
9 Feb 
<M*6470 
>M 6480 
10 Feb 
13 Feb 
14 Feb 

15 Feb 
16 Feb 
<M 16850 
22 Feb 
25 Feb 
28 Feb 
1 Mar 
3 Mar 
4 Mar 
6Mar 
<M42870 
>M 42910 
7 March 
<M 43970 
>M 43980 
8 Mar 
44820<M>45529 
45545<M>46079 
44640<M>46080 
9 Mar 
14 Mar 

Maill deck 
Starboard 

-D.83 
-D.77 
-D.45 

-D.42 <M 6970 
0.57 
0.14 
0.78 
0.15 <M 13960 

>M 13960 
0.26 

0.51 
0.02 
0.49 

-D.20 
0.42 
0.34 

-D.38 

-D.15 <M 42870 
0.40 <M 42910 

0.30 
0.84 

0.15 
0.61 
0.45 

02 Level 
Port Starboard Port 

-D.77 0.22 0.64 
-D.49 -D.72 -D.66 
-D.44 0.56 0.51 

0.54 0.68 0.71 

-D.29 0.58 0.57 
0.65 0.66 0.67 

-D.70 0.12 -D.19 
-D.47 
-D.34 -D.16 -D.34 

-D.65 -D.04 -D.18 
-D.30 0.06 -D.08 
-D.05 0.72 0.17 
-D.26 -D.20 -D.08 

0.37 0.44 0.35 
0.13 0.32 0.39 
0.17 -D.24 0.22 

0.53 -D.17 0.15 
-D.11 

0.15 0.77 0.62 

-D.18 
-D.37 

0.17 0.54 
0.69 0.59 0.66 
0.24 0.02 0.69 

* Range of minutes correlated on indicated date for r to immediate right. 

26 



1500 
Port 

(mV) 

1000 f------;c===::r=] 
L-___ r--

Temperature (x20) 

500 

O~~-LL-~~--~---L~~~------------------------~ 

2880 3240 3780 3960 4320 
Minutes from 0000 GMT, 5 Feb '90 

Figure 18. Spray collector tank voltages, relative wind speeds and air temperature 
for the CRREL horizontal collectors on the main deck for 7 February 1990. See 
Appendix C for plots of the entire research cruise. 

Table 6. Correlations of spray tank voltage with air temperature. 

Main deck 02 Level 

Starboard Port Starboard Port 
-----

6 Feb -D.33 -D.15 0.12 0.39 
7 Feb 0.71 0.70 0.67 0.68 
8 Feb -D.27 -D.28 0.64 0.72 
9 Feb 
<M*6470 0.81 <M 6970 0.68 0.82 0.80 
>M 6480 -D.51 
10 Feb -D.05 -D.63 0.36 0.78 
13 Feb 0.88 0.92 0.67 0.94 
14 Feb -D.32 <M 13960 -D.91 -D. 56 -D.32 

>M 13960 0.53 
15 Feb 0.59 -D.23 -D.23 -D.29 
16 Feb 
<M 16850 0.38 <M 16850 -D.30 <M 16850 -D.24 <M 16850 -D.29 
22 Feb 0.38 0.54 -D.09 0.54 
25 Feb -D.43 -D.53 -D.53 -D.48 
28 Feb 0.64 0.54 0.50 0.40 
1 Mar 0.01 0.41 0.07 0.12 
3Mar -D.27 -D.36 -D.71 -D.41 
4 Mar 0.40 -D.39 -D.I0 -D.22 
6Mar 
<M 42870 0.23 <M 42870 0.10 0.63 0.61 
>M 42910 0.94 <M 42910 0.90 
7Mar 
<M43970 0.46 -D.66 -D.31 -D.32 
>M43980 0.05 
8Mar 
44820<M>45529 -D. 50 
45545<M>46079 0.20 
44640<M>46080 

-D.Ol -D.25 -D.12 
9Mar 0.57 0.41 0.55 0.58 
14 Mar 0.82 0.72 -D.31 0.54 

* Range of minutes correlated on indicated date for r to immediate right. 
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tions fluctuating in sign for the 02 level units on 3 
and 6 March. As with relative wind speed, all 
temperature and tank voltage correlations are 
moderately positive on 9 March. 

There appear to be no consistent and few strong 
relationships between relative wind speed or air 
temperature and tank voltage. Though individual 
days appear to have strong relationships, such as 9 
March, there is no sufficiently strong overall pat
tern to suggest that either wind speed or air tem
perature was individually the cause of the mea
surement problems observed. 

We have hypothesized that the primary cause for 
the spray data noise was that salt water rather than 
fresh water was being measured. The tanks exhib
ited only a minor noise problem prior to being 
filled with sea water and drained the first time. The 
noise appeared and became quite severe after salt 
water had once covered the capacitance system 
wires. This is evident for the main deck port tank 
from 7-8 February, the main deck starboard tank 

from 9-10 February, and the 02 level starboard tank 
from 13-14 February. Residual salt water evapora t
ing from the capacitance system wires after a tank 
drains may leave a film of either moist salt crystals 
or highly saline water. This solution may remain at 
least partially intact in the humid, cold environ
ment of the tanks above the tank water surface. The 
solution's high salinity has a low vapor pressure, 
slowing the evaporation rate and preventing its 
complete evaporation. In addition, motion of the 
ship will cause wires to be periodically wetted, 
though not constantly immersed. Periodic wetting 
and slow evaporation may allow a conducting 
saline film to be maintained on the wires or im
bedded in the wires, or both. Fluctuation in the 
"wetness" of the wires from splashing and humid
ity changes may have caused the noise problems 
observed. 

The potential for problems created by salt water 
on the capacitance wires is demonstrated by a post
cruise experiment conducted at CRREL to try to 
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Figure 19. Test results for Teflon wire 
capacitance system in both fresh and 
salt water starting with dry, salt-free 
tank and wires. 
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Figure 20. Test results for Teflon wire 
capacitance system in only salt water. 

find the cause of the noise (Knuth 1991). A spray 
collector holding tank was constructed from the 
original spray tank schematics, because the collec
tors used on the Midgett were not available. An 
automatic pneumatic drain valve was installed 
that was identical to the originals, and a pump was 
used to slowly fill the tank. A data logger con
trolled the test. Two tests were conducted with 
three types of wire installed in the capacitance 
system and with fresh and salt water. 

The first wire tested was Teflon insulated, iden
tical to the wire installed in the Midgett spray units. 
Fresh water produced consistent full-scale voltage 
changes between empty and full tank conditions 
(Fig. 19a). However, salt water produced voltage 
fluctuations similar to those observed from the 
Midgett horizontal units (Fig. 19b). Full-tank read
ings were full scale, but voltages did not decrease 
below 1200 m V after salt water was drained. Con
tinued cycling for over 24 hours produced even 
more severe "noise" problems (Fig. 20a). Decreas-
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ing the tank filling rate produced ragged voltage 
increases similar to those observed on 14 February 
1990, for example (Fig. B7). When the tank stopped 
filling and drained, voltage dropped slowly and 
approached an asymptotic curve (Fig. 20b). 

PVC-coated wire performed similarly to Teflon 
wire in fresh water and salt wa ter (Fig. 21 ). Pol yeth
ylene-coated wire, tested third, caused such dra
matic changes in system capacitance that it was not 
usable with the data logger. Manual readings in 
salt and fresh water were similar to those demon
strated by Teflon and PVC, however. 

Though salt water could have been the primary 
cause of noise, noise was strongly enhanced in the 
horizontal collectors, and subdued in the vertical 
collectors and Young gauges. Since saltwater should 
cause each unit to respond similarly, a noise-en
hancing factor would have to be present to produce 
the strong effects observed in the horizontal units. 

The horizontal units filled and drained more 
frequently because more water appeared to be 
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intercepted from the horizontal, rather than the 
vertical, owing to the high relative winds. Air may 
have passed through the horizontal collectors with 
sufficient speed to cause splashing in the tank 
water attributable to either Bernoulli effects or air 
being forced down the funnel neck; more rapid air 
exchange within the horizontal unit tanks because 
of scooping action by the horizontal collectors may 
have caused rapid changes in humidity and rapid 
alternate wetting and drying of the wires. Wetting 
could have increased conductivity on the outside 
of the wires' insulation sufficiently to mimic higher 
water levels than actually were in the tank, and 
thus causing higher voltages. 

Conversion of tank 
voltages to spray flux 

The CRREL and Young spray collection units are 
both capacitance systems. As the depth of water 
stored in the units' tanks increases, voltage in-

a. Fresh water. 

1500 

b. Salt water. 

1600 2000 

Figure 21. Test results for pvc wire 
capacitance system in both fresh and 
salt water. 
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creases. Change in voltage over a time interval, 
therefore, allows the water flux over that interval to 
be computed. Thus, the slopes of the voltage curve, 
and not the absolute voltage values, provide the 
rate of spray flux (Appendix B). 

Tank voltage was recorded and stored every 12 
seconds by the data loggers, and mean voltages 
were computed for each minute. One-minute fluxes 
were then computed from the changes in mean 
tank voltage from one minute to the next to satisfy 
the need for I-minute resolution fluxes. 

The plots of spray tank voltages indicated that 
noise was generally not a serious problem with 
either the CRREL or Young vertical collectors (Ap
pendix B). However, data could not be used from 
the en tire cruise even from these collectors (Table 3 
and Fig. 22). Periods were not analyzed when data 
were not recorded, such as during freezing peri
ods, data downloading and equipment main
tenance. Data were also ignored if the units switched 
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Figure 22. Periods of usable spray data, including directly measured and 
polynomial smoothed data (a = Young vertical unit Oil flying bridge, b = CRREL 
vertical unit on flying bridge, c = CRREL horizontal unit on 02 level port side, d 
= CRREL horizontal unit on 02 level starboard side, e = Young vertical unit on 
01 level, f = CRREL vertical unit on 01 level, g = CRREL horizontal unit OIl main 
deck port side, h = CRREL horizontal unit OIl main deck starboard side). 

from ice to spray measurement before any ice that 
may have formed in the tanks could have thawed. 
The lengths of these latter periods were based on 
judgment during analysis after the cruise. Finally, 
data were not used if the water level was too low for 
proper water depth recording. This was indicated 
by voltages that were lower than the minimum 
possible wet tank reading. 

The horizontal collectors presented a more diffi
cult problem. Factors reducing the amount of valid 
vertical collector data were also acting to reduce the 
amount of acceptable horizontal data (Fig. 22). In 
addition, at the outset the problem of data noise 
appeared to invalidate most of the horizontal unit 
data. However, several stra'gies were developed 
to salvage as much noisy da.a as possible without 
seriously degrading the quality of the final product. 

The horizontal collectors showed little data noise 
prior to the first drainage of the holding tank. Those 
first drainage episodes provide in some cases sev
eral days of data prior to the beginning of serious 
noise (Table 4). Unfortunately, the ranges of ship 
and environmental conditions during these first 
few days were narrow, making poor material for 
generating algorithms useful to the University of 
Alberta model. 

The primary strategy chosen to salvage the noisy 
data was to isolate periods when spray was thought 
to be accumulating in the horizontal collector tanks, 
as evidenced by the general shape of the horizontal 
collector voltage plots. These periods were then 
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compared to the 01 level CRREL and Young verti
cal collectors for flux in those units. For exam pIe, on 
6 March (Fig. B20), voltages noisily increased 
throughout the day in the main deck and 02 level 
horizontal units. The 01 level CRREL and Young 
units also recorded clear voltage increases with 
plots of roughly the same shape throughout the 
day. This suggests that, underlying the noise, the 
general shapes of the plots, and slopes of the plots, 
are probably near correct. A similar example is 14 
February, with main deck, 01 level and 02 level 
voltages increasing similarly (Fig. B7). CRREL 01 
level voltages do not register because tank water 
levels were too low. In addition, the main deck 
starboard unit is not considered because it was 
apparently malfunctioning-voltages climbed to 
over 2700 m V and the tank had still not drained 
automatically. 

The second strategy was to view videotapes of 
periods of spray to provide additional evidence of 
whether trends in the noisy data were totally noise, 
or were noise superimposed upon valid increases 
in tank voltages. We subjectively rated each tape 
spray segment viewed as representing light, mod
erate or heavy spray rates, and these were com
pared to the voltage slopes. Potential spray events 
after nightfall were removed from consideration 
because they could not be verified as actual spray 
events, or simply as artifacts of the noise. 

Suspected spray periods with unusual voltage 
fluctuations caused by incipient freezing, or thaw-
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Figure 23. Polynomial fit for noisy spray tank voltages from the 02 level starboard 
horizontal collector, 14 February 1990. See Appendix D for fits for other periods in 
the research cruise. 

ing of tank water, or unknown reasons, were re
moved from consideration. An example is the ap
parent spray events on 21 February (Fig. B11). 
Voltages increased dramatically on all units of the 
main deck, 01 level and 02 level after minute 23,580, 
yet voltages were very irregular-occasionally fluc
tuating full scale over periods of only a few min
utes. This period was not considered for data re
trieval because of the extreme noise, and because a 
freezing event began during this time, prior to 
automatic switching of the equipment from spray 
to ice measuring mode. The extreme voltage fluc
tuations may have been an artifact of saline water 
films freezing differentially on the ca pacitance sys
tem wires. 

Finally, periods were avoided when instruments 
were suspected of malfunctioning. For example, 
the main deck starboard unit was suspected of 
malfunctioning from minute 6440 to its repair at 
minute 37,440. As indicated above, the high tank 
voltage without a drainage cycle on 14 February is 
evidence of this malfunction. 

We converted noisy periods of horizontal unit 
tank voltages to usable data by smoothing the noise 
away and preserving trends with polynomial curve 
fits. Holding tank voltages were plotted by minute, 
as in Figure 23 and Appendix 0, and the periods of 
noisy data selected for retrieval were fit with curves 
created from polynomial functions using a com
mercial plotting program, Grapher (Golden Soft
ware, Inc. 1988). Grapher will produce polynomial 
fits through the tenth degree, with a display of the 
polynomial curve superimposed over the original 
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data, and tables of fit statistics and orthogonal 
factors. 

Polynomial functions were fit to 20 segments of 
noisy horizontal unit data (Appendix 0). These fits 
represent 292.3 hours of record of occasionally 
coinCiding times for more than one collector. We 
chose the degree of polynomial fit using two cri
teria: the percent of residuals fit to the line and 
appearance. Appearance was the dominant crite
rion, though it is subjective, because the purpose of 
the polynomial curve was to remove the effects of 
noise. A high percentage of residual fit also sug
gests that some noise may be included in the curve-
the higher the percentage of residuals about the 
mean explained, the more noise that could be rep
resented in the polynomial curve. Therefore, ap
pearance, though not SCientifically rigorous, domi
nated the fitting process. 

Polynomial fits to the noisy data vary in com
plexity. The 9 February main deck port curve ex
tending from minute 5800 to 6960 is a tenth degree 
polynomial (Fig. 01). Though nearly all of the 
residuals about the mean are explained with only a 
second degree fit, the trend of the voltage slope is 
better represented by the tenth degree polynomial. 

The 14 February main deck port fit is split into 
two pieces because of an apparent automatic drain
age of the unit at about minute 13,900 (Fig. 05). The 
fit before the drainage event is a seventh degree 
polynomial, and the portion after drainage is a 
second degree fit. This second portion only ex
plains 44% of the residuals about the mean, but the 
curve represents the trend of the voltages, and thus 



slope, well. The slope is the most important charac
teristic of these plots, for the slope describes the rate 
of water delivery to the spray collector. The abso
lute value of the spray unit voltages are unimpor
tant outside of the slope that they create. 

Periods of spray flux represented by polynomial 
fits were chosen for a full range of spray conditions, 

OPEN FILES 
MVASC. TXT 
FIXED. TXT 
HRSPY. PL T 
NEWFLUX. ANS 

COMPUTE 
JULIAN MINUTE 

from light to heavy, to better 
typify all spray conditions ex
perienced during the cruise. 
For example, the 3 March main 
deck starboard curve (Fig. 08) 
represents a low flux, whereas 
the 9 March main deck port 
curve represents a large flux 
(Fig. 015). 

In the 20 polynomial fits, our 
goal was to remove as much 
noise from the data as possible, 
and still represent voltage in-
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INTERRUPTED 
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CHANGE - 0 
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9999.0 
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COLLECTOR 

VOL T AGES FROM 
POL YNOM I AL 

FITS 

CHANGE - PREVIOUS MIN 
VOL TAGE - CURRENT VOL T 

UPPER AND LOWER VALID 
VOL T AGES ARE SET. 
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creases with an equation from which minute-to
minute voltages could be extracted. There was 
difficulty in the extraction process, because high 
degree polynomial equations become unstable with 
very small and very large coefficients and fre
quently generate wildly in-correct answers. To min
imize this problem, the GRAPHER program pro
vides orthogonal factors and recursion factors for 
each fit line, and a subroutine in FORTRAN for 
generating values from these factors (Golden Soft
ware Inc. 1988). These orthogonal and recursive 
factors were used to extract voltages in a CRREL 
written F01\.TRAN program, ORTHFLUX. FOR, 
within subroutine ORTHPOL Y (Appendix E). 

Program ORTHFLUX.FOR 
Program ORTHFLUX.FOR converts tank volt

ages to spray flux for the CRREL and Young collec
tors (Fig. 24, Appendix E). The program removes 
periods of unacceptable measured tank voltages, 

CONVERT 
MILLIVOLTS TO 
SPRAY FLUX IN 

KG/M**21MIN 
AND CORRECT FOR 

COLLECTOR OPENING 
AREA 

RESET BASELINE REFERENCE 
VOL TAGE: 
IF VOLTAGE INCREASES: 

DECREASES LESS THAN 25 
OR MORE THAN 100 MV: 
BASELINE - CURRENT MV. 

IF VOLTAGE DECREASES LESS 
100 & MORE THAN 25 MV: 
BASELINE - CHANGE*0.75 

Figure 24. Flow chart of 
FORTRAN program 
ORTHFLUX.FOR for 
converting CRREL and 
Young spray tank volt
ages to spray flux. See 
Appendix E for program 
code. 
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OPEN FILES 
"DATE", LOG 
"DATE", SPY 
"DATE", FLX 
"DATE", ALB 

CALL 
SUBROUTINE 

RELA TI VE 
TO COMPUTE 

RELATIVE WIND 
FOR THE SHIP 
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WRITE LOG 
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02 LVL STARBOARD 
SIDE COLLECTORS 
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Figure 25, Efficiency curve for horizontal 
collector droplet interception (from Walsh et 
aI, 1992), 
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COLLECTOR 

WRITE 
RELATIVE WIND 

CORRECTEO 
FLUX & LOG TO 

"DATE", FLX 
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EFFICIENCY FOR 
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Figure 26, Flow chart of FORTRAN program WINDY, FOR for merging spray flux with 
ship logs, and for correcting horizontal collector spray flux for relative wind speed, See 
Appendix F for program code, 
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substitutes polynomial curve fits for noisy data 
where applicable, and converts minute-to-minute 
changes in tank voltage to spray flux for each unit. 
The spray fluxes are later corrected for wind-cre
ated changes in collection efficiency of the horizon
tal collectors in program WINDY.FOR. 

Program WINDY.FOR 
Spray fluxes computed in ORTHFLUX.FOR were 

not corrected for the collection efficiency of the 
horizontal collectors. As wind speed increases, the 
collection efficiency of the horizontal units de-

CALCULATE x, Y 
COMPONENTS OF 
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TRUE WIND 
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COMPUTE 
DIRECTION OF 
APPARENT WIND 
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DIRECTION 8Y 

ADDING 180 
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COMPUTE 
RECIPROCAL OF 

WIND VECTOR 
TO FIND 

DIRECTION 
FROM WHICH 
WIND COMES 

creases (Fig. 25) (Walsh et al. 1992). The collection 
efficiency of the CRREL and Young vertical units 
was not measured nor computed. FORTRAN pro
gram WINDY.FOR corrects spray flux for the hori
zontal units' collection efficiency, and also merges 
the ship logs with spray fluxes for a complete 
minute-to-minute data record (Fig. 26 and 27, Ap
pendix F). 

QUALITY OF SPRAY FLUX 
MEASUREMENTS 

One purpose ofthis reportis to verify 
the quality and reliability of spray mea
surements made aboard the USCGC 
Midgett. This is a difficult task because 
there is no instrumen t that can be used 
as a standard to measure the spray 
with absolute accuracy (Olbruck 1981). 
Since no such standard instrument is 
available, we used various methods to 
indicate as reliably as possible the qual
ity of measurements aboard the 
Midgett. 

Research on the difficulty of mea
suring precipitation aboard ships at 
sea has been reviewed by the World 
Meteorological Organization (WMO 
1962, Olbruck 1981). Though these re
ports address problems measuring 
precipitation, they are similar to spray 
measurement difficulties. Turbulence 
created by air flow over the ship and 
over the gauge itself are the greatest 
sources of precipitation measurement 
error, though little is known about the 
patterns of air flow around a ship, and 
especially their effect on rain gauge 
measurement error. Studies on ocean 
station weather ships suggest that rain 
gauges should be located as high as 
possible to avoid the effects of ship
created turbulence (WMO 1962). In 
general, though, winds of greater than 
15 to 20 mls can reduce precipitation 
catch by as much as 50%. Greater winds 
are frequently experienced higher 
above the water, though these winds 
are less likely to be turbulent. 

Figure 27. Flow chart of subroutine RELATIVE for computing relative 
wind speed and direction (from program WINDY.FOR). 

Gauge design also affects the air flow 
and can reduce, or even occasionally 
enhance, catch. In general, small 
gauges are more effective than large 
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gauges because they perturb air flow less (Olbruck 
1981). Gimbal mounts, ship motion and wind 
screens have little effect, except in unusual circum
stances, in improving gauge performance. The ef
fects of ship motion and wind are greatest with 
light rainfall of small droplets (WMO 1962). On 
weather ships, WMO (1962) recommended that 
gauges be placed at least 16 m above the water to 
avoid sea spray. 

Because of unit size and configuration, we had 
little choice in placement of gauges aboard the 
Midgett. The University of Alberta specified loca
tions to suit their modeling needs (Lozowski and 
Zakrzewski 1988), and the size and weight of the 
equipment dictated placement on a substantial 
deck surface. It was not necessarily desirable to 
avoid the effects of turbulence, which, from visual 
observations aboard the ship, were great because 
they affect spray delivery to the ship superstruc
ture. As a result, the collectors aboard the Midgett 
were in the worst possible locations for unbiased 
measurement of falling precipitation, but their 
placement for sea spray measurement was good. 
Yet, their size may have had a significant effect 
upon catch amount because of instrument-induced 
air turbulence. Undoubtedly, smaller gauges would 
have perturbed air flow less. 

Several types of instruments were placed aboard 
the Midgett to measure spray, enabling cross-com
parisons to be made. If each type of instrument 
making simultaneous measurements measured 
similarly, there is a probability, though not a cer
tainty, that the measurements made may be rea
sonably accurate. However, this is best accom
plished with instruments of significantly different 
design to assure that, even though the same phe
nomenon is being measured by each, the factors 
affecting the performance of each are different. 
Unfortunately, the design of each instrument placed 
on the Midgett was similar, being open-topped 
catchers receiving spray from the vertical. 

Three types of spray measurement equipment 
were installed on the Midgett for the February
March 1990 research cruise: the CRREL collectors, 
precipitation gauges manufactured by the R. M. 
Young Company (Model 50202) (Young 1989) and 
rain and snow gauges manufactured by 
WeatherMeasure Weathertronics (Model 6310-A) 
(WeatherMeasure 1988). R. M. Young Model 5202 
precipitation gauges were collocated On theMidgett 
with CRREL vertical instruments on the 01 level 
and on the flying bridge. Each Young gauge was 
mounted to the front of a CRREL unit and wired to 
the data logger controlling the CRREL unit. The 
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Young gauges were mounted on the bow-end of 
the units to reduce the effects of turbulence created 
by the large CRREL boxes. Each was protected by 
a sheet metal shroud to prevent damage, since the 
gauges are made of light plastic. Their small diam
eter, 14 cm near the collector opening, would have 
reduced turbulence effects on their catch. How
ever, their mounting to the large CRREL units may 
have negated this feature. Ideally, they should 
have been attached to a nearby rail, within a protec
tive tube, to reduce gauge-induced turbulence ef
fects on catch. 

The Young gauges use a capacitance system simi
lar in concept and circuitry to the CRREL design. 
The gauges contain no moving parts and they self
siphon when filled. A variance of this Young de
sign has been used for years on data buoys oper
ated by the National Data Buoy center (Holmes and 
Case 1981, Holmes and Michelena 1983, Michelena 
and Holmes 1986). 

There were a number of Concerns about the Young 
gauges prior the cruise. Their lightweight plastic 
construction might not survive the rigors of ship
board use. The self-draining, siphoning feature 
may operate irregularly because of the ship's mo
tion and the large expected volumes of spray could 
overwhelm the Young unit with its small-volume 
capacitance measuring system, small-diameter tub
ing and possible slow drainage rate. The apparent 
light construction was addressed with the addition 
of metal shrouds to protect each unit. In no manner 
were the units isolated from large volumes of spray 
or ship motion except to the extent that they were 
placed with CRREL units on upper levels where 
large volumes of spray were unlikely. 

The third type of gauge placed aboard the Midgett 
for comparison was two rain and snow gauges 
manufactured by WeatherMeasure Weathertronics 
(Fig. 11). These gauges were an improved version 
of the standard 8-in. (20-cm) rain gauge built to 
meet NWS standards, and represent a "standard" 
gauge. The gauge is a nonrecording type with a 
measuring dip stick for manual readings. These 
gauges were also collocated with the vertical CRREL 
and Young units on the 01 level and flying bridge. 
Unfortunately, because readings had to be taken 
manually, insufficient data were taken for com
parison with the CRREL and Young units because 
heavy weather too often closed the weather decks. 

Spray flux measurement comparisons 
The CRREL and Young gauges are compared 

using time series plots of flux measurements from 
both instruments at the 01 level and flying bridge 
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for selected segments of the research cruise, and 
for the entire cruise. Statistical comparisons of 
the CRREL and Young collectors at the 01 level 
and flying bridge are also made for the entire 
cruise. 

Plots of three short periods are used to com-
pare the CRREL and Young units at the 01 level. 
Flux measurements from minutes 46,125 to 
46,250, 125 minutes on 9 March, show that a 
peak of 6 to 9 kg/m2  per minute of spray entered 
the gauges at about minute 46,157 (Fig. 28). 
Fluxes are generally less than 1 kg/m 2  per 
minute the remainder of the time. These plots 
illustrate flux received at the units during a high 
speed run of 22 kn for about 90 minutes, and 
represent one of the most severe spraying peri-
ods recorded during the entire research cruise. 
These are near maximum fluxes experienced by 
each gauge at the 01 level. "Unsmoothed" in the 
plot label refers to the use of measured voltages, 
and not voltages reconstructed with polyno-
mial fits. 

Figure 29 illustrates the plots from both gauges 
overlaid. Except for the 33 to 50% error in gauge 
comparisons for minute 46,157, all other min-
utes of data agree within approximately 20%.  

This is remarkably good agreement considering 
turbulence, the differences in size of the two 
collectors and the potential for noise. 

The second example represents a longer pe-
riod, about 500 minutes, between minutes 42,700 
and 43,200 on 6 March 1990 (Fig. 30). Consider-
ably less flux was recorded during this period, 
with peaks of less than 0.5 kg/m 2  per minute. 

1 	1 	1 	1 	1 	1 	1 	1 	1  

46, 125 	46, 150 	46, 175 	46, 200 	46, 225 	46, 250  
Minutes from 0000 GMT, 5 Feb '90  

Figure 28. Spray flux measured by  01 level collectors during 
9 March 1990 high speed run; data unsmoothed. 
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46, 125 	46, 150 	46, 175 	46, 200 	46, 225 
	

46, 250 

Minutes Since 0000 GMT, 5 Feb '90  

Figure 29. Comparison of the spray flux  
measurements by CRREL and Young 01  
level collectors during 9 March 1990 high  
speed run.  
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Figure30. Comparison of the spray fluxmeasure-
ments by CRREL and Young 01 level collectors  

on 6 March 1990.  
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Figure 31. Comparison of the spray flux  
measurements by CRREL and Young 01  

level collectors on 9 February 1990.  

The plot suggests considerable disagreement be-
tween the two units prior to minute 43,000, with  

maximum fluxes of 0.3 kg/m 2  per minute recorded  
by the Young unit, and no flux measured by the  

CRREL unit. After minute 43,000, disagreements  
are not severe, with peak flux measurements near  

minute 43,050 being within 0.15 kg/m2  per minute  
of one another. The plot suggests that these fluxes  

are near a lower threshold of measurement capa-
bility for the CRREL units, implying that they may  
be somewhat insensitive to smaller fluxes.  

The third example, recorded between minutes  
6300 and 6900 on 9 February, again illustrates very  

low fluxes, of less than 0.3 kg/m 2  per minute (Fig.  
31). CRREL unit fluxes appear to be all identical in  

magnitude at 0.3 kg/m 2  per minute, whereas the  

Young gauge records considerably smaller fluxes  

more frequently. Close observation of the CRREL  

fluxes suggests that they step at 0.1- to 0.15-kg/m 2  
per minute increments to a peak of 0.3 kg/m 2  per  
minute. Though the actual volume of flux received  

may be similar over the period if the curves were  
integrated, the plot suggests that, as in the 6 March  

example, the Young gauge is more sensitive to low  
fluxes and is perhaps more accurate.  

Plots of hourly mean fluxes from the 01 level and  

flying bridge CRREL and Young units for the entire  
cruise demonstrate further how their measure-
ments agree. Comparisons cannot be made for  

every hour of the cruise because of missing data,  

illustrated by the heavy line on the plots (Fig. 32).  

Relative magnitudes of hourly flux sums are in  
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Figure 32. Hourly summaries of 01 level spray flux 
measurements through entire research cruise. 

good agreement where data were coincidentally 
measured on each unit at the 01 level. For example, 
between hours 100 to 125, two spray peaks were 
recorded on each unit. The CRREL unit measured 
the larger peak as approximately 8 kg/m 2  per hour, 
and the Young gauge recorded it as about 7 kg/m 2 

 per hour. Both units recorded the smaller peak as 
about 4 kg/m2  per hour. Agreement is also good 
between the units for the peak at about hour 770. 
There is considerable disagreement near hours 70 
and 725, however, where the CRREL unit is lower  

by about 90 and 60% respectively. 
On the flying bridge, as on the 01 level, several 

peaks are recorded between hours 100 and 125, 
with the largest again on the CRREL unit at about 
3.5 kg/m2  per hour, and the smaller on the Young 
unit at about 2.75 kg/m2  per hour (Fig. 33). The 
CRREL unit also recorded larger peaks immedi-
ately prior to and after the 3.5-kg/m 2  per hour 
event. Both units are essentially in agreement on 
the magnitude of the hour 70 event, but in substan-
tial disagreement on the peaks at hours 140 and 
200. At hour 140 the Young unit recorded a flux of 
about 0.25 kg/m2  per hour, whereas the CRREL 
unit recorded no flux. On the other hand, the CRREL 
unit recorded about 0.9 kg/m 2  per hour near hour 

Figure 33. Hourly sunnnaries of CRREL flying bridge 
spray flux measurements through entire research cruise. 

200, and the Young unit recorded no flux. In gen-
eral, there appears to be little consistent evidence to 
indicate whether the Young or CRREL units are 
more accurate or reliable for hourly summaries. 
Both units apparently "miss" spray events, and 
each records higher or lower fluxes than the other 
randomly. 

Statistical methods used to compare the CRREL 
and Young units at the 01 level and flying bridge 
are nonparametric because the spray flux distribu-
tions are highly skewed for all units. Spearman  
Rank Correlations were used to test how well the  

units varied together, and Wilcoxon's Matched-
Pairs Signed-Ranks Test was used to determine if 
measurements from the CRREL and Young collec-
tors were sufficiently similar that they can be as-
sumed to be identical. Missing values were not 
used in calculations of the statistics. 

Correlation coefficients between the CRREL and 
Young units are moderate, at 0.55 for the 01 level 
and 0.70 for the flying bridge, but they are highly 
significant, with probabilities of rejection of the 
relationships at 0.0001 (Table 7). This suggests that 
the CRREL and Young units observe fluctuations 
in spray amount only generally similarly. The 
Wilcoxon Matched-Pairs Signed-Ranks Test was 
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Table 7. Hourly flux comparisons for CRREL and Young 
units-Ol level and flying bridge. 

P 
Nhours 
Probability 

Z corrected for ties 
Probability 

01 Level Flying bridge 

Spearman rank correlation* 

0.55 
136.0 

0.0001 

0.70 
188.0 

0.0001 

Wilcoxon Matched-Pairs Signed-Ranks Test* 

-1.55 
0.1211 

-0.396 
0.692 

* Computed with StatView on MacIntosh 

made with the null hypothesis that there is no 
difference between the magnitude of flux mea
sured each hour by the Young and CRREL collec
tors on the 01 level and flying bridge. The probabili
ties, 0.1211 and 0.692 for the 01 level and flying 
bridge, respectively, are cause to accept the null 
hypothesis because the rejection region is smaller 
than a probability of 0.01. That is, the probability 
that the flux measured by the CRREL and Young 
units is different is less than one chance in one 
hundred. 

The plots and statistics suggest that the vertical 
CRREL and Young units on the 01 level and flying 
bridge compare well, and that their performance 
can be considered essentially the same. This does 
not mean that either type of instrument measured 
spray accurately, only that they measured spray 
flux Similarly. 

Another indication of whether the spray units 
were operating properly is to examine hourly plots 
for the entire cruise for all eight units-CRREL and 
Young (Fig. 34). Examination of the plots indicates 
that port units on the main deck and 02 level 
generally received considerably more spray than 
did starboard units. Inspection of main deck and 02 
level starboard and port pairs of plots indicates that 
the patterns of peak and low flux events are essen
tiall y similar and ha ve an expected generally lower 
magnitude on the 02 level. 

Fluxes measured at the 01 level are considerably 
smaller than those measured at the 02 level. This 
may not appear logical at first inspection. How
ever, the 02 level collectors were horizontal, while 
the 01 level collectors were vertical. The horizontal 
collectors probably intercepted considerably more 
spray that the vertical collectors because of the 
generally high relative wind speed over the ship. 
Relative winds acrosS the bow were frequently 10 
to 20 m/s. The "typical" raindrop falls at about 6 
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m / s. If the typical sea spray drop behaves similarly 
to raindrops, then more spray should have been 
intercepted by the horizontal collectors because of 
the high relative winds. This suggests that, on the 
average, horizontal collectors may have received 
1.7 to 3.3 times more spray flux than the vertical 
collectors. 

The gradient between the 01 level and flying 
bridge vertical units is also as expected, with flux 
decreasing considerably at the flying bridge. In
spection of all plots indicates that the timing of 
spray peaks, and the pOSition of relative high and 
low magnitudes, are all similar, suggesting that the 
collectors are probably indicating relative amounts 
of flux with location well, even though absolute 
values cannot be certified as correct. The greatest 
unknown is the accuracy of the horizontal collec
tors, against which there is nothing to compare the 
fluxes they measured. 

The preponderance of evidence suggests that, in 
general, the CRREL and Young vertical spray units 
were operating similarly. Despite the serious noise 
problems in the horizontal units, measurements 
appear to be acceptable if smoothed by polynomial 
functions to remove noise. The arguments pre
sented, however, do not indicate that the absolute 
values of spray measured are correct. Since there is 
no absolutely "correct" instrument to compare to, 
only the careful application of scientific logic and 
method can suggest whether values are even close 
to the amount of spray actually lofted aboard the 
Midgett. 

Consequences of 
smoothing flux data 

The intent of recording spray unit tank voltage 
each minute was to enable individual spray events 
to be extracted from the data if they occurred more 
than 1 minute apart. Ideally, the spray videotapes 
and spray data could be synchronized. Noise in the 
spray data acquisition systems has prevented this 
from being done reliably. In addition, curves gen
erated from polynomial functions were used on the 
horizontal units to salvage data that otherwise 
were too noisy to use. The polynomial functions, in 
their ability to smooth out noise, also smooth out 
minute-to-minute fluctuations in flux data repre
senting individual spray events. Two examples 
follow. 

On 9 February spray events occurred between 
minutes 6300 and 6900 (hours 105 through 115). 
Noise in the main deck port unit during these 
events required that a tenth degree polynomial 
equation be fit to the tank voltage curve. Spray was 
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Figure 34. Hourly summaries of spray flux measurements through entire research cruise for all  
collectors.  

being recorded at this time without serious noise  

problems in the 02 level starboard unit. A compari-
son of the shape of minute interval flux curves  

obtained during this period on the main deck port  

and 02 level starboard appears in Figure 35. The  
plot demonstrates that individual spray events  

show clearly in the 02 level record, whereas poly- 

nomial smoothing of the main deck data produces  

an undulating curve that masks individual spray  

events. As a result, such smoothing not only masks  
the timing of spray events, but it also masks their  

magnitudes throughout the spraying period, mak-
ing the absolute range of minute-to-minute fluxes  

unavailable.  
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Figure 35. Comparison of minute fluxes on 9 Febru-
ary for the smoothed data from the CRREL main deck  

port unit and the unsmoothed data from the CRREL  
02 level starboard unit.  
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Figure 36. Hourly summaries of fluxes from the 
CRREL main deck port unit (a—unsmoothed data 
from 7 February; b—smoothed data from 14 Febru-
ary). 
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The differences between smoothed and un-
smoothed minute fluxes are not as evident when  
summarized hourly. Figure 36a shows main deck  
port flux summarized hourly from minute fluxes  

that were not smoothed. Figure 36b shows main  

deck port flux summarized hourly from minute  
fluxes that were smoothed. The differences are not  

as dramatic as for minute summaries. Only minute  

interval flux measurements appear seriously com-
promised by smoothing because individual spray  

events are lost.  

ICE DATA COLLECTED  

There were several subfreezing periods during  

the Midgett research cruise. Only two produced sea  
spray ice on the ship superstructure. These events  

occurred from 22-25 February and from 10-14  

March. Ice thickness was measured both automati-
cally with the CRREL ultrasonic equipment by  
echolocation, and manually by removing samples  
from bulkheads and decks.  

The CRREL instruments measured ice on verti-
cal surfaces on the main deck and 02 level, and on  
horizontal surfaces on the 01 level and flying bridge.  

As with the capacitance-based horizontal spray  

measurements, data noise plagued the ultrasonic-
based ice thickness measurement systems.  

The ultrasonic systems measured ice thickness as  

a function of distance from the deck or bulkhead  
monitored. Decreasing distance represented in-
creasing ice thickness, for the bulkhead or deck will  

"appear" closer as ice thickness increases. Though  
in this conceptual view the system operated much  

as a simple range-finder, refinement of the circuitry  

increased the resolution but somewhat compli-
cated the process of converting to distances the 
voltages output to the data loggers (Walsh et al. 
1992). The equipment initially measured ice thick-
ness at intervals of 15 minutes. The measurement 
interval was increased to 30 minutes late in the 
cruise to conserve battery and pneumatic power. 

Plots of the February and March icing events 
illustrate the noise problems in the data. The plots 
were generated from ice thicknesses computed by 
post-processing of the voltages from the data log-
gers. Because of noise, thicknesses appeared in the 
data as negative as well as positive. Zero ice thick-
ness on the plots was found by averaging all ice 
thicknesses measured during freezing events prior 
to 22 February. None of these early freezing events 
produced ice and, as a result, the mean ice thick-
ness computed during these periods should have 
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been zero. If the thickness computed during these  

ice-free freezing periods was positive on a given  

unit, it was a bias that was subtracted from the later  

ice measurements. If the ice thickness from the ice-
free freezing period was negative on a given unit,  

this value was added to the later ice thickness  

measurements. This was done for all six measure-
ment locations, and negative values were changed  

to zero for plotting.  
Though some noise was removed before plot-

ting, sufficient noise remained to judge the data  

insufficiently reliable to verify the University of  

ι 	ι 	ι 	I 	ι  
2.0 — a. Main Deck: Starboard Bulkhead  

Alberta model. However, the data can be com-
pared to manual measurements for accuracy, and 
icing measured at several locations should yield 
similar patterns of growth and decay despite their 
different locations. To aid these analyses, polyno-
mial fits were used to smooth the data where 
possible. 

Icing on the main deck starboard bulkhead 
reached a maximum thickness of about 1.5 cm near 
minute 29,400 after fluctuating around 0.2 cm for 
several days, though with a small 0.3-cm peak near 
minute 26,500 (Fig. 37a). Similar patterns, though 
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Figure 37. Ice thicknesses measured by CRREL units, 22-25 February. 
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Figure 38. Location of iet thickness measurements by mnin deck port 
CRR£L Imit on curved bulkhead. 

with small thicknesses, are observed on the 02 level 
starboard and port sides, with minor peaks near 
minutes 26,500 and 29,400 (Fig. 37c and d). 

The main deck port, 01 level and flying bridge 
patterns do not compare as well to the main deck 
starboard and 02 level patterns (Fig. 37e-f). There is 
no obvious explanation for the differing main deck 
s tarboard and port patterns, except that main deck 
icing surfaces faced considerably different direc
tions because they were located on curved struc
tures (Fig. 38). 

The 10-14 March icing event shows good agree
ment in pattern among the s tarboard and port main 
deck and 02 level units (Fig. 39a-d). Ice thicknesses 
peak near minutes 51,200, 52,500 and 53,600 at all 
four locations, and addi tionall y at 48,600 and 49,400 
at three of the locations. As in the February icing 
event, there is little correspondence in pattern be
tween the 01 level and flying bridge locations, and 
between them and the main deck and 02 level 
locations (Fig. 3ge and f). 
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The similar patterns illustrated by the main deck 
and 02 level units suggest that those four instru
ments were observing ice similarly, though with 
considerable noise. Differences between the bulk
head and deck icingpattems may be a result of true 
differences in temporal icing patterns attributable 
to differences in orientation and thennal proper
ties. It may also be ascribable in part to the types of 
surfaces to which the ultrasonic range finders were 
echolocating. 

There were many potential causes of noise in the 
automatically measured ice thickness data. Nor
mal ship vibration and shocks from bow-wave 
impacts could have caused some vibration of the 
transducer arm. Shaking of the transducer mount 
by wind could have caused some of the noise. 
Though unlikely, reading of ice thickness at the 
same moment that spray is in flight between the 
sensor and the bulkhead could cause echoing from 
the droplets, and noise. In addition, multiple re
turns, or echoes, of the tranducer pulses from the 
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Figure 39. Ice thicknesses measured by CRREL units, 10-14 March.  

bulkheads or decks may have caused some of the  

noise. As with any electronic device, electromag-
netic interference, such as from ship radar or radio,  

could have contributed to the noise. All distances  

were corrected for the change in the speed of sound  
with air temperature.  

Another potential cause of noise was the types of  

surfaces observed. The main deck units were aimed  
at a smooth, convexly curved bulkhead surface of  

about 1.6 m radius. The curvature of the bulkhead,  

coupled with an approximately 1-m2  reflecting  
area because of beam spread, could have produced  

some noise. Vibration of the arm in addition could  
have made the situation worse. The 01 level and  

flying bridge transducers were aimed at the decks,  

covered with nonskid. The rough relief of nonskid  

(about 5 mm), could have caused echo noise. If  

nonskid were a significant source of noise, and if  
sufficient ice had formed to completely cover the  

nonskid, the noise should have disappeared.  
A further possible cause of noise was in the  

design of the ultrasonic ranging system circuitry.  

The data loggers were constructed to record the  

voltage from the ranging system at regular inter-
vals of 15 to 30 minutes. The ultrasonic transducers  
were designed to operate independently of the  

data loggers—to "ping" the ice surface at regular  

intervals—and to hold the distance-indicating volt- 
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age until the next ping. [f the data logger read the 
current output of the transducer system during a 
ping rather than between them w hen complete 
d istances could be read, only a portion of a ping 
would be recorded, resulting in an incorrect dis
tance being retrieved. We manually removed all 
such obvious occurrences from the ice thickness 
data prior to plotting, but less obvious cases that 
may have been missed by us could be a source of 
some of the noise. 

One last problem the CRREL ice measurement 
system experienced was the automatic air tem
perature reading by the data logger. Air tempera
ture was read from a thermocouple mounted on 
the data logger inside of the main instrument cabi
net, and from a thermocouple mounted in the 
ultrasonic lTansducer housing located at the end of 
the transducer arm. The temperatures frequently 
did not agree with each other or with the ship's log. 
The temperature recorded from the arm was used 
to place the equipment into the ice or spray mea
swement modes. Error in temperature readings 
may have caused the equipment to enter spray or 
ice modes too early or too late. Noserious problems 
have been encountered with either spray or icedata 
because of this. however. The cause of the dis
agreement is unknown, though a warning was 

issued by CRREL technicians after the Midgett cruise 
that thermocouples attached to Campbell CR 10 
data loggers were providing incorrect tempera
tures. 

lee thickness was also manually measured. Dc
spite requirements by the University of Alberta 
lhatsamples betaken during icing, this was largely 
imposSible because dangerous conditions kept the 
weather decks closed. Samples were taken, how
ever, when the ship stopped or slowed for small 
boat operations or helicopter launches. 

Two ice penetration probes, or sampling tools. 
were supplied by the University of Alberta and 
laken aboard the Midgett (Fig. 40) (Lozowski and 
Zakrzewski 1988). 

The University of Alberta sampler was difficult 
to use and did not provide useful samples. The 
sampler was initially used on 24 February. Despite 
carefully following the university's instructions, 
we could not obtain samples of superstructure ice. 
The ice was of recent origin, the last accretions 
having been deposited either on23 February, o r the 
evening of 23-24 February, and it was very firm in 
its resistance to penetration, but not as hard as fresh 
water ice.The probe was pushed by hand, driven in 
a slide-hammer fashion with the extractor driver, 
and the end of the probe was driven with the 

Figure 40. General view of the University of Alberta ice penetration probe (J = extractor, 
2:::: /milt. 3 and 4:::: CDps. 5:::: extractor drirer. 6 "" CtJble. 7 =-driver's fro"t edge. 8:c hammer. 
9 = screw at rear of driver, 10:::: slots, 11 :: Mudle-pistOIl) (from Lowwski a lid ZAknewski 1988). 
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hammer that was part of the tool. The probe en
tered the 3-cm-thick ice re1uctantly, and samples 
removed were broken into pieces approximately 1 
an and smalle:r across. The broken samples dId not 
serve the needs of the project because ice thickness 
and density could not be obtained from thWl.. 

The University of Alberta sampler design ap
pears to have falled because inadequate clearance 
was provided by the cutting edge fo r the following 
sampling tube to penetrate the ice. The knife edge 
of the sampler tried to push ice aside unsuccess
fully . Therefore, the sampling tube could not pen
etrate lheicewithout great resistance. Large threads 
cut on the outside of the sampling tube for the 
protective end caps fw1:herhampered penetration .. 
in addition, the knife edge of the sampl~ was 
dulled when it s truck the ship superstructure. A 
saw-toothed cutter with the same thickness as the 
attached barrel may have effectively cut through 
the ice and provided clearance for the barrel with· 
out crushing the sample. 

A standard, stiff-blade putty knife,obtained from 
the ship s tore,scrved excellently as an alternate ice 
sampling toot. With the blade rotated 9QO rather 
than paral1el to the ice surface, and tiJted 45°, a 
shallow groove was cut into the ice by the edge of 
the blade. Several additional passes were usually 
required to cut through the thiCknesse5 ()~ em) 
accreted on the Midgett. Once a groove was cut to 
the superstructure surface around the pornon of 
lce to be removed, the knife blade was forced under 
the ice edge, and the entire sample slab lifted. 
Samples occasionally fractured or broke if they 
were too large and finnly attached to the super
structure. However, slabs of ice up to 15cm per side 
were removed without damage using these tech
niques. Ice integrity was preserved and the ice 
surface undamaged. 

Ice sample location, truckness and temperature 
were noted. The sample thickness and location 
were measured on the ship dcclc: with a retractable 
carpenter's rule. The temperature was measured 
with the digital Quick thermocouple mini-ther
mometer. The thermometer had a resolu tion of 
1°C, though theprobefrequentlycould not be fully 
inserted into the firm ice and the readings may 
reflect in part the air temperature. 

Approximately 13 ice samples were removed 
from the Midgett and returned to CRREL Upon 
removal from the superstTucture, samples were 
placed into marked plastic freezer bags, sealed and 
stored for the remainderofthecruise in theMidge.lrs 
main food locker at a temperature of about-18OC 
The icc was packed in dry ice and returned to 
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CRREL by air freight after the Midgett retumed to 
Alameda, California . AI CRREL, sample thickness, 
density and salinity were measured, and pho-
tographs were madeofthe ice structure in unpolar-
ized and polarized light. 

Table 8. Spr.ay upe log. 
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VlDEO IMAGES OF BOW SPRAY 

Video images of bow spray were made for the 
entirecruiseduring daylight hours, primarily when 
bow spray was being lofted on the bulwarks. Tap
ing of bow-wave interaction during no-spray con
ditions would have been useful for establishing 
spray thresholds. This was not done to conserve the 
supply of tapes for spraying conditions. 

Two cameras, for red.W\dancy and for a slight 
difference in perspective, were mounted on the 
flying bridge deck and aimed at the bow. The 
starboard camera viewed the main deck from the 
bow to near the forward bulkhead, whereas the 
port camera was aimed a few degrees higher to 
view the main deck forward of the main hatch to 
the horizon. Since neither camera failed , cameras 
were switched electronically to provide the best 
view of the spray conditions. All recording was 
done at the fastest recorder speed to produce the 
highest quality images. The videotapes were 

stamped with GMT date and time for each second 
ill a comer of each frame (Fig. 41). 

Camera housings were wa ter-tight and equipped 
with internal heaters, window heaters, washers 
and wipers. The window and internal heaters were 
absolutely necessary for reliable operation. Occa
sionally, however, the viewing window fogged 
when sunlight entered and heated the housing. 
Also, the cameras had difficulty restarting in cold 
weather if turned off. More powerful window and 
internal heaters would provide better operation, 
especially in very cold weather(temperatures never 
dropped below -14°C during the Midgett cruise). 
Windshield wipers were used frequently, often 
automatically timed. The windshield washer was 
seldom used. 

Approximately 100 houn; of spray recordings 
were made during the Midgett cruise (Table 8). All 
recordings are of high quality, except when the 
ship sailed into direct sunlight, which tended to 
wash out images. All images are usable formeasw-

Figure 41 , Video frame of USCGC Midgett's bow during spmy euet/t from flying bridge video camera, 
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ing spray frequency and spray location, and most 
are usable for measuring spray height. Some of the 
highest spray clouds were observed during the 
high·speed run on 9 March. At this time the highest 
spray clouds frequently disappeared over the top 
of the camera and thus were not recorded weU. 
Minor problems occurred during the high-speed 
run when high g-forces (greater than 1 g) reduced 
tape-to-recorder-headcontact. Though images were 
not lost because of this problem, image quality was 
reduced for periods of several seconds. Special 
provisions were not made to facilitate acquisition 
of data from the tapes except for the time-stamp 
fixed on each frame by the recorder. 

SPRAY DROPLET SIZE 
SPECTRA MEASUREMENTS 

Spray droplet size was measured with the uni
versal flying particle camera, a stroboscopic video 

system, on the Midgetf (Itagaki 1966, 1990, Itagaki 
and Ryerson 1990). The University of Alberta 
had provided a manually operated device to inter
cept spray drops based upon stain patterns created 
by dried drops on filter paper (Lozowski and 
Zakrzewski 1988). Though the manual system may 
have provided usable data, it required personnel 10 
function on wealher decks during dangerous con
ditions. In addition, a representative spectral pro
file could not be obtained with the University of 
Alberta device because oven .... etting would cause 
droplet stains to overlap. We used the stroboscopic 
camera instead. 

Approximately 38 hours of drop spectra video
tapes were made (Table9). All tapes had date-time 
stamps in GMT. There are about 2 hours of actual 
spraying on the 38 hours of tape because when 
spraying began, we did not know if clouds would 
reach the 02 level where the camera was located.. 

The resolution oHhe tapes is high (Fig. 42). Drops 
can be viewed each 0.033 second during a spray 

Figure 42. Video frame of spray cloud droplets from flying particle cnmera. 
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event (one view for each frame, 1 /30 second). Drop 
sizes are resolvable to a minimum diameter of 0.1 
mm. Measwement accuracy is about±3 ~m. Typi
cal natural cloud droplets are about 0.02 mm in 
diameter, and typical raindrops are larger than 0.2 
mm in diameter. 

Though digital image processing can be used to 
extract the spray droplet diameter, only manual 

methods have been used. Onedifficulty isdedding 
which droplets to measure in a video frame. Only 
droplets in focus, within the depth-of-field of the 
close-focus video camera, can be accurately mea
sured and counted for making volume flux calcu
lations (Fig. 42). This problem has not been com
pletely resolved for automated measwements, and 
makes manual measwements difficult. 
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Figure 43 . Rnnge of droplet sizes observed dllring one spray event on 9 March 
1990 during the high spud run (from !tagaki (HId Ryerson 1990). 
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Table 9. Universal flying particle 
camera tapes. 

Tape no. Date Times (GMT) 

1 7 Feb 1856-2139 
2 7-9 Feb 22HH941 
3 11-13 Feb 000(}-2148 
4 13-14 Feb 220(}-2244 
5 14-15 Feb 2250-0054 
6 15 Feb 1917-1952 
7 20 Feb 1739-1940 
8 20 Feb 1945--2045 
9 20-21 Feb 2345--0145 

10 21 Feb 1919--2123 
11 23 Feb 032(}-0459 
l1A 23 Feb 1805--2009 
12 5 Mar 2250-0056 
13 6 Mar 0230-0430 
14 6Mar 044(}-0645 
15 6Mar 174(}-1940 
16 6Mar 2013--2150 
17 6 Mar 215(}-2354 
18 6-7 Mar 2356--0200 
19 9Mar 010(}-0300 

Preliminary analysis of one spray cloud indicates 
the range of drop sizes observable over time within 
a spray cloud (Itagaki and Ryerson 1990) (Fig. 43). 
With this system it is clear that the spectrum of 
droplet sizes with time within a spray cloud can be 
resolved. Most important for modeling, the mass 
flux per drop diameter range can be determined. 

SEAWATER TEMPERATURE AND 
SALINITY MEASUREMENTS 

Seawater temperature and salinity were acquired 
manually and from shipboard measurements at 
engine coolant intakes and occasional bathyther
mograph recordings. Sea water temperature ob
tained from the engine coolant intakes was re
corded every hour by the quartermasters in the 
Weather Observation Log. Bathythermograph 
recordings were made 12 times, and CRREL per
s.onnel ob~erved water temperature and salinity 14 
tImes dunng the cruise. 

Water temperatures and salinities were needed 
only for icing conditions. Water temperature and 
salinity have no effect upon spray generation, but 
have a potentially large effect upon superstructure 
ice formation (Zakrzewski 1987, Jessup 1985). The 
hourly readings of water temperature from engine 
coolant intakes in the weather log were claimed by 
the quartermasters to be too high by about 2.8°C. 
Bathythermograph readings were made at times of 
ship need, and did not correspond to research 
needs. Water temperature and salinity were mea-
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sured by CRREL personnel when icing was ex
pected, and when safety allowed such mea
surements during daylight hours, at low ship speeds 
and with accessible weather decks. 

Readings made by CRREL personnel are judged 
accurate. Water temperature was sampled imme
diately after the retrieval bucket was placed on 
deck. The mean interval between water retrieval 
and temperature measurement was less than 3 
minutes. The digital thermometer probe was deeply 
immersed in the water volume, about 1 L, and did 
not touch the container sides. Salinity was mea
sured hours after the water sample was taken be
ca use the LabCom p salinometer was most accurate 
near room temperature. Salinity readings were 
accurate to ±l ppt. * 

DISCUSSION 

The USCGC Midgett research cruise was a valu
able experience because of the unique data ac
quired, despite the problems encountered while 
doing such work at sea. We made measurements 
during the cruise that were never made before, to 
our knowledge, and none had ever been system
atically made on a ship this large. Spray has also not 
been recorded as continuously on video to acquire 
spray frequency, location along the bulwarks and 
height as aboard the Midgett. To our knowledge, 
drop spectra have not been measured aboard a ship 
before with automated equipment. Though spot 
measurements have been made, data collected 
aboard the Midgett will allow drop spectra to be 
determined in a variety of spray conditions through 
individual spray clouds. 

Though ice thickness measurements have been 
made many times before on smaller ships, and 
occasionally on ships as large as the Midgett, mea
surements of ice quality are uncommon. Zakrzew
ski*' has measured ice salinity, density and spong
iness on small research trawlers, and Tabata et al. 
(1968) and Golubev (1972) have measured ice struc
ture on fishing vessels. Measurements made aboard 
Midgett are a useful contribution to scientific un
derstanding of superstructure ice characteristics. 

Serious problems were encountered in the mea
surement of spray flux and ice thickness aboard the 

*Personal communication with LabComp Instruments, 
1990. 
**Personal communication with N.P. Zakrzewski, Uni
versity of Alberta, 1989. 



Midgett. Horizontal spray collectors and ice thick
ness measurement devices produced noisy data. 
Water temperature and salinity could only be mea
sured intermittently. The anemometer failed be
cause of salt water intrusion into its electrical con
nections. Many instrument design and data acqui
sition lessons were learned, though solutions are 
still not available for several of the problems encoun
tered. 

The overall goal of the research cruise was to 
measure phenomena useful to understanding the 
process of ship icing, to measure data useful for 
calibrating and verifying the University of Alberta 
advanced icing model, and to measure data truly 
representative of the environment experienced. 
Some of the first two goals were accomplished. It is 
still not clear whether the last goal was accom
plished. True accomplishment of the last goal would 
require a separate research cruise dedicated only to 
that end, with many experimental, speCially de
signed and constructed instruments. It is doubtful 
whether any measured data are truly representa
tive of their environment. 

There were a considerable number of successes 
on the Midgett cruise. Most of the spray instrumen
tationoperated continuously throughout the cruise. 
Data downloading and battery and air tank re
charging were easily accomplished. Video images 
of bow spray were virtually all excellent, with no 
serious equipment failures. The droplet spectrum 
camera system worked flawlessly, except for a 
window wiper that occasionally slipped. Water 
temperature and salinity measurements produced 
useful data, though too infrequently. A large num
ber of ice samples was obtained and successfully 
returned and analyzed at CRREL without loss. 
Finally, the research project did not appear to hinder 
operations aboard the Midgett, and appeared to 
draw no complaints from officers or Crew. The 
en tire shi p' s com pany was helpful and cooperati ve 
throughout the research cruise. 

The Midgett research cruise demonstrated to 
CRREL, and perhaps to the Navy, the problems of 
cond ucting this type of research aboard a ship. 
Though many anticipated problems were dealt 
with successfully, this report shows that many 
remain to be solved. 

FUTURE RESEARCH 
SUGGESTIONS 

Equipment developed by CRREL to monitor 
spray flux and ice accretion on the USCGC Midgett 
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demonstrated sufficiently serious problems for us 
to recommend against its use again without alter
ation. The true cause of noise in the data from the 
horizontal spray units should be further investi
gated and discovered, or a completely different 
approach tried. The horizontal units could be tested 
in a vertical spray accretion mode (without the 
horizontal collectors) aboard a ship to determine if 
the problem is in some manner created by the 
horizontal collector, or if the problem is the capaci
tance system, with noise accentuated by the larger 
volumes of spray intercepted by the horizontal 
collector system. Since the Young collectors oper
ated without apparent problems in the vertical 
accretion mode, they could be fitted with small 
horizontal collectors to determine if they are stable, 
even though they are capacitance systems. Other 
approaches could be tested to determine water 
depth, such as floats. 

The rain gauge approach could be abandoned, 
and totally different technologies tested. Particu
late volume cowlters, such as the Aerometrics (1987) 
Laser Doppler Velocimeter and Particle Analyzer, 
could be used to measure spray flux and drop 
spectra. This unit is sufficiently small to minimally 
disrupt natural air flow, and can detect small flux 
changes. 

Ice thickness may be measured in other ways as 
well. Rosemount ice detectors may be useful for 
measuring ice accretion rate, rather than total thick
ness. Other devices, such as the Campbell ultra
sonic snow depth measurement system, may oper
ate successfully even though the technology was 
similar to CRREL's. Other approaches could per
haps be based upon laser range-finding technology. 

Future projects should rely more heavily upon 
connections to the ship for power supply and data 
transmission. Stand-alone units, such as CRREL's, 
have the obvious advantages of not requiring pen
etration of ship bulkheads and decks for cables, 
and the concomitant reduction in hazards created 
by cables on decks. The disadvantages of self
contained systems are several, however. Self-con
tained power supplies, such as batteries and air 
tanks, are heavy and bulky, stressing decks with 
high weight and moments. In addition, self-con
tained systems are more costly to design and con
struct because of the greater complexity and need 
for complete automation. Systems drawing power 
from the ship can be small, light, relatively simple 
in design and heated. This reduces impact on the 
ship, maintains equipment at uniform tempera
tures, allows heating of things that might normally 
freeze, and in some ways increases flexibility in 



design and location of instruments. In addition, 
real-time monitoring of data acquisition can alert 
researchers to instrument problems for possible 
corrections before too many data are lost. 

Meteorological measurements, and sea water 
temperature and salinity measurements should, if 
possible, be automated. Sea water measurements 
can be made in all weather conditions at all times 
with an automated system. Weather measurements 
can be made with less error because researchers 
have direct control over equipment quality and 
exposure, and are not subject to the variable skill 
levels of quartermasters. 

CONCLUSIONS 

In general, much of the data collected on the 
USCGC Midgett, such as the video records of spray 
cloud characteristics, most weather data and the 
manual ice thickness measurements, are useful 
and accurate. The automated vertical spray mea
surements from both the CRREL and Young instru
ments contained little noise and were generally 
usable as measured without need for smoothing. 
The horizontal spray measurements had consider
able noise problems, however, and had to be 
smoothed or selectively discarded to obtain useful 
information. The automated ice thickness meas
urements were not reliable and had to be discarded. 
. The cruise served the purposes of the overall 
project well, despite the instrument problems. Suf
ficient data were obtained to allow the University 
of Alberta to calibrate the advanced icing model to 
the U.S. Coast Guard Cutter Midgett. Lessons were 
learned by both CRREL and the Navy about con
ducting research at sea and designing instrumenta
tion for extreme environmental conditions. The 
failures and successes of this field program provide 
valuable lessons and examples of how to properly 
conduct similar research at sea in the future. 

LITERATURE CITED 

Ackley, S. (1985) Sea spray icing: a review of cur
rent models. In Proceedings of 1985 U.S. Navy Sym
posium on Arctic/Cold Weather Operations of Surface 
Ships. Washington, DC: Deputy Chief of Naval 
Operations for Surface Warfare. 
Aerometrics, Inc. (1987) Phase Doppler Particle Ana
lyzer Operations Manual. Sunnyvale, California: 
Aerometrics, Inc. 
Andreas, E. (1989) Thermal and size evolution of 

53 

sea spray droplets. USA Cold Regions Research 
and Engineering Labora tory, CRREL Report 89-11. 
Feit, D. (J 985) Ship superstructure ice accretion 
guidance forecasts. In Proceedings of the Illterna
tiollal Workshop 011 Offshore Willds and Icing, Halifax, 
N.S. Ottawa: Environment Canada. 
Golden Software, Inc. (1988) GRAPHER Reference 
Manual. Golden, Colorado. 
Golubev, V. (1972) On the structure of ice formed 
during icing on ships. Issledovalliye Fiziclzeskoy 
Prirody Ob/edelleniya Sudo. Leningrad, p. 105-115. 
Holmes, J., and B. Case (981) Rain gauge for NOAA 
data buoys. In Ocealls 81. Marine Technology So
ciety. 
Holmes, J., and E. Michelena (983) Design and 
testing of a new rain gauge for NDBC meteorologi
cal data buoys. In Proceedings of the Fifth Symposium 
011 Meteorological Observations and Instrulllentatioll. 
Boston: American Meteorological Society. 
Itagaki, K (1966) A cloud droplet camera. USA 
Cold Regions Research and Engineering Labora
tory, Technical Report 185. 
Itagaki, K (990) Sea spray icing rates. 1. Intermit
tent sea spray. In Proceedings, Fifth International 
Workshop Oil Atlllospheric icillg of Structures, Tokyo, 
p. B2-3-0 )-B2-3-(7). 
Itagaki, K, and C. Ryerson (1990) A Universal 
Flying Particle Camera. In Proceedings, Fifth Illter
national Workshop on Atmospheric Icing of Structllres, 
Tokyo, p. B2-1-0)-B2-3-(4). 
Jessup, R. (1985) Forecasting techniques for ice 
accretion on different types of marine structures, 
including ships, platforms and coastal facilities. 
Marine Meteorology and Related Oceanographic Ac
tivities, Report 15, World Meteorological Organiza
tion. 
Knuth, K (991) Salt water testing of spray collec
tion unit. USA Cold Regions Research and Engi
neering Laboratory, unpublished report. 
Lozowski, E., and W. Zakrzewski (1988) The mea
surement of icing-related parameters on an Ameri
can ship. Contract Report by the University of 
Alberta, Edmonton, to USA Cold Regions Research 
and Engineering Laboratory. 
Lozowski, E., and W. Zakrzewski (1990) An inte
grated ship spraying/icing model, Milestone re
port no. 2. Contract Report by the University of 
Alberta, Edmonton, to USA Cold Regions Research 
and Engineering Laboratory. 
Makkonen, L. (1984) Atmospheric icing on sea 
structures. USA Cold Regions Research and Engi
neering Laboratory, CRREL Report 84-2. 
Mertins, H. (1968) Icing on fishing vessels due to 
spray. Marine Observer, 38: 128-130. 



Michelena, E., and J. Holmes (1986) The meteoro
logical and oceanographic sensors used by the 
National Data Buoy Center. InMaril1e Data Systems. 
Marine Technology Society, p. 596-601. 
Minsk, D. (1984) Assessment of ice accretion on 
offshore structures. USA Cold Regions Research 
and Engineering Laboratory, Special Report 84-4. 
Olbruck, G. (1981) Precipitation measurement at 
sea. Marine Meteorologtj and Related Oceanographic 
Activities, Report No.1, World Meteorological Or
ganization. 
Ryerson, c., M. Walsh and K. Knuth (1991) Spray 
and ice measurement instrumentation for ships. In 
Proceedings of the Sixth Annual Specialty ASCE Con
ference 011 Cold Regions Engineering, West Lebanon, 
New Hampshire, p. 748--757. 
Tabata, T, S. Iwata and N. Ono (1968) Studies of ice 
accumulation on ships. Part 1. Low Temperature 
Science, Series A, 2: 173-22l. 
Thomas III, W. and W. Lee (1987) Ship design atlas 
for cold weather regions. Report No. DTNRSRDCj 
SPD-1212-01. Bethesda, Maryland: David W. 
Taylor Naval Ship Research and Development 
Center. 

54 

Walsh, M., J.S. Morse, K.V. Knuth and D.J. Lam
bert (1992) Ship icing instrumentation. USA Cold 
Regions Research and Engineering Laboratory, 
Special Report 92-6. 
WeatherMeasure (1988) Manual for standard rain 
and snow gauge model 631O-A. Sacramento, Cali
fornia. 
Wise, J, and A. Comiskey (1980) Superstructure 
icing in Alaskan waters. NOAA Special Report. 
Seattle, Washington: Pacific Marine Environmen
tal Laboratory. 
WMO (1962) Precipitation measurements at sea. 
World Meteorological Organization Technical 
Note 47. 
Young, R. (1989) Model 50202 precipitation gauge 
instructions. Traverse City, Michigan: R. M. Young 
Company. 
Zakrzewski, W. (1987) Splashing a ship with colli
sion-generated spray. Cold Regions Science and Tech
nology, 14: 65-83. 
Zarling, J. (1980) Heat and mass transfer from 
freely falling drops and low temperatures. USA 
Cold Regions Research and Engineering Labora
tory, CRREL Report 80-18. 



APPENDIX A: BRIEF LOG OF FEBRUARY-MARCH 1990 
MIDGETT RESEARCH CRUISE ACTIVITIES 

6 February-rolling sea, some spray on deck
perhaps to the 01 level. Recorded spray on video. 

8 February-Indian Island, Washington. Down
loaded data loggers. 1 cm water in NWS rain gauges. 
Spray collector boxes beginning to rust. 

9 February-much spray on forecastle, but none 
aft of gun mount. NWS rain gauge 3. 6 cm at the 01 
level. Flying bridge 1.6 cm rain. 

10 February-off south Alaska coast. No spray 
because moving slowly. Calm seas. 

12 February-high speed run on turbines-29 
kn-calm winds and seas about 1 m. No spray. 

13 February-rolling seas-l.2-1.5 m. SW winds. 
4°C. Spurious results on 02 level gauges. Checked 
consistency of units for measuring known volume. 
Later in day 5-6 kn into 3-4.6 m head sea. Much 
spray-some hitting bridge windows. Starboard 
camera wiper not working on automatic mode. 

14 February-strong gale-wind streaks on 
waves, 45-kn winds. 7.6-m waves. NWS gauge 1.8 
cm on 01 level. Flying bridge, no spray in gauge. 

16 February-docked at Kodiak-NWS gauge at 
01 level, 6 mm water. Problems with starboard 
main deck unit-cycles erratically and dumped 
air. Flying bridge-no water in NWS gauge. Tested 
ability of each unit to measure known volume. 

19 February-leave Kodiak-low seas, NE 
winds-headed into storm north of warm front
headed to Unimak Pass. Removed 01 level gauge 
aperture. 

20 February--experimented with ship course and 
speeds to determine spray thresholds. Sailing at 
255° with seas at 240°. Sailed at 10-12 kn. Changed 
course 15° intervals. Reduced speed to 8 kn to see 
spray reduction. Spray threshold at these seas, 
speeds and headings about 8-9 kn; 3.6 cm of spray 
fall in 01 level NWS gauge by 1623. Wiper fails on 
universal flying particle camera. Measure trace in 
flying bridge NWS gauge. 

21 February-Ship stopped in Bering Sea for 
boardings. 
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22 February-air temperature-11°C, wind 24 kn, 
very raw conditions. Problems on shi p due to cold
pipes-davit circuit breaker-small boat engine. 
Starboard spray unit erratic. Port unit not working 
because air valve not opened. Instruments in ice 
mode-O.6 cm ice on forecastle. About 160 km 
north of Unimak Pass and about 160 km south of ice 
edge. Seas very calm and in high pressure. Much 
sea smoke yesterday and today. Heaviest smoke in 
ship wakes. Hoarfrost reported on fantail rails. 
Temperature dropped to -14°C at night. Water 
temperature 1.5°C. Salinity 33.4 ppt. Rode helicop
ter over the ice edge. Fishing trawler heavily icing 
at high speed with much spray. Some rime ice 
occurring on Midgett. Steam fog runs in strips over 
ocean-perhaps due to upwelling. Cutter begin
ning to cold soak. Heat first turned on today. Some 
spray ice on fantail and helicopter deck on 21 and 
22 February. 

23 February-12 km south of ice edge, 25-30-kn 
winds. Spray hitting 01 level bulkhead during night 
of 22-23 February. Water temperature 0.8°C. Heli
copter blades have 0.5 cm ice, port side of helicop
ter has 0.3 cm ice. Helicopter deck has some ice. Ice 
measurements made on deck-and samples taken. 
Deck forward of 5-in. gun ice is about 2.6 cm thick, 
ice temperature -9.3°C; deck in front of bulkhead 
ice thickness 2.6 cm, temperature -6.6°C; front face 
of bulkhead ice thickness 1.1 cm, temperature about 
-soc. Water temperature -O.3°C. Ice harder on 
vertical DTRC panels, perhaps because they are 
colder. Alberta ice sampler did not work well, 
crushes and damages ice samples. Putty knife pro
duces better intact slab samples. Sea chest tempera
ture under 5-in. gun 1.5°C. Bucket water tempera
ture 2.1 0c. Sea chest temperature lower-2 m deep. 

25 February-sea water salinity 33.5 ppt from 
bucket over side, sea chest 33.4 ppt. Main deck 
spray units problems-starboard unit readings fluc
tuate, port unit frozen-did not drain-air not 
turned on at Kodiak. 90% of ice on deck spray ice, 
rest snow. Spin drift maybe 20% of ice total. Sides 
of hull had thin skin of ice. Side decks and fantail 
spindrift, and spray from natural waves 
oversteepened by bow wave, causing breaking. 
Wind carries it to ship. 0.6 to 1.2 cm rime on parts 
of ship-especially lines. Much sea smoke-prob
able cause of rime. 



26 February-put flying bridge tank in starboard 
box. Boardings and helicopter operations all day
calm. Seas pick up and air warms in afternoon. 

28 February-rewired flying bridge tank. Ice 
thickness measurements on flying bridge fluctuate 
heavily-may be due to EMI, nonskid roughness, 
or changes in air temperature. No spray. 

3 March-water temperature at Dutch Harbor 
2.7°C. Went out 50 miles and made spray on fore
castle and along side decks and perhaps fantail. 
Headed back to Dutch Harbor. 

4 March-at Dutch Harbor yet. Salinity at Dutch 
Harbor 32.6 ppt. 2.7°C water temperature. 

5 March-Dutch Harbor area, but ready to leave 
for Adak. Photographed snow on decks and heli
copter. No spray ice on ship, only snow. Spray 
generated by bow wave along sides of ship. 

6 March-headed to Adak-15-16 kn. Making 
much spray. Varied course all day to observe ef
fects on spraying. Performance as expected. Beam 
to head seas. Varied headings 60°. Seas diminished 
through day because of dying seas and in lee of 
islands frequently. 

8 March-leaving Adak to doughnut hole. 1.2-m 
waves, 2.4-m swells, 20-25-kn winds from north
west. Ship healing to starboard. Taking little spray. 
Instability aloft and frequent heavy snow squalls. 
Little spray hitting ship on lee, but more on wind
ward, as expected. Deck wetted on sides each 10 
minutes or so. Almost constant light spray-spin 
drift? 01 Level NWS gauge after Dutch Harbor, 4.3 
cm water. Flying bridge NWS gauge, trace of wa
ter. Some may be due to snow. 1500-1700 Captain 
allowed use of turbines. Ran at about 20-22 kn on 
three different courses-excellent spraying. Seas 
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3.4 m, winds on port beam 25 kn. Spraying quite 
dramatic-many wettings of bridge area. 

10 March-very cold-7-kn speed-2-m seas. 
No spraying. 

11 March-seawater temperature 1.8°C., 0.6 cm 
ice on forecastle behind gun and forward of main 
hatch-nonskid just covered. Some snow collect
ing on weather decks-only thin skin. Air tempera
ture -5°C. 3.5-kn ship speed. Water temperature 
decreases to 1.7°C. Salinity 34.4 ppt. Much steam 
fog, about 30 miles from ice edge. Icing beginning 
on decks. Almost 1.2 cm of ice on side weather 
decks. Air temperature drops to about -13°C. Rime 
ice forming on life lines and helicopter tie downs. 
Wind about 15 kn. Water temperature down to 
1.6°C. Salinity 34.5 ppt. Water temperature de
creasing to 1.3°C. Ice increasing on forecastle-1.2 
cm forward of gun, ice increasing aft of gun. 
Evening-following seas and wind. Moving at 15 
kn. Air temperature in low teens. Light snowfall 
incorporated into ice. 

12 March-water temperature 1.9°C. Sampling 
ice from forecastle, gun and rail during active icing. 
Headed to Dutch Harbor to drop helicopter. Heavy 
seas-perhaps 5-m swells, ship speed about 16 kn, 
much spray, air tem perature -2°C, water tem pera
ture about 2.3°C, salinity 33.9 ppt, windy. 

13 March--O.6 to 1.2 cmice on helicopter. Heavier 
icing on port side of shi p. Water tem per a ture 3.2 0C. 
Measured wind speeds with hand-held anemom
eter near horizontal spray units to correlate with 
anemometers on mast. 01 Level NWS gauge has 0.9 
cm of slush. Wind speeds 25-30 kn. No water in 
flying bridge rain gauge. 

15 March-docked in Adak mid-morning. 



APPENDIX B: SPRAY COLLECTOR TANK VOLTAGES FOR SIX CRREL AND  
TWO YOUNG COLLECTORS DURING THE ΜΙDGΕTT RESEARCH CRUISE  

All plots begin at 0000 hours.  
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Figure Bl. 6 February 1990. 
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Figure B2. 7 February 1990.  
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Figure B3.8 February 1990.  
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Figure B3 (cont'd). 8 February 1990.  
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Figure B6 (cont'd). 13 February 1990.  
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d. Flying bridge units, vertical. 

Figure Β8. 15 February 1990. 
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Figure Β9.16 February 1990. 
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Figure Β9 (cont'd). 16 February 1990. 
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c. 02 Level units, horizontal. 	 d. Flying bridge units, vertical.  

Figure Β10. 20 February 1990.  
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a. Main deck units, horizontal. 	 b. 01 Level units, vertical.  

Figure Β12.22 February 1990.  
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d. Flying bridge units, vertical. 

Figure Β12 (cont'd). 22 February 1990.  
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d. Flying bridge units, vertical.  

Figure Β13. 25 February 1990. 
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Figure Β14. 26 February 1990.  
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a. Main deck units, horizontal. 	 b. 01 Level units, vertical. 

Figure Β15. 28 February 1990. 
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d. Flying bridge units, vertical.  

Figure Β15 (cont'd). 28 February 1990. 
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c. 02 Level units, horizontal. 	 d. Flying bridge units, vertical. 

Figure Β16.1 March 1990. 
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c. 02 Level units, horizontal. 	 d. Flying bridge units, vertical. 

Figure Β17. 2 March 1990. 
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a. Main deck units, horizontal. 	 b. 01 Level units, vertical.  

Figure Β18. 3 March 1990.  
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d. Flying bridge units, vertical. 

Figure Β18 (cont'd). 3 March 1990. 
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d. Flying bridge units, vertical. 
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Figure Β19.4 March 1990. 
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b. 01 Level units, vertical. 
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d. Flying bridge units, vertical.  
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Figure Β20. 6 March 1990.  
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Figure Β21. 7 March 1990.  
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c. 02 Level units, horizontal.  
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d. Flying bridge units, vertical.  
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Figure Β21 (cont'd). 7 March 1990.  
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c. 02 Level units, horizontal. 	 d. Flying bridge units, vertical. 

Figure Β22.8 March 1990. 
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a. Main deck units, horizontal. 
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c. 02 Level units, horizontal.  d. Flying bridge units, vertical. 

Figure Β23. 9 March 1990.  
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Figure Β24.10 March 1990. 
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c. 02 Level units, horizontal.  
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d. Flying bridge units, vertical.  

Figure Β24 (cont'd). 10 March 1990. 
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c. 02 Level units, horizontal. 	 d. Flying bridge units, vertical.  

Figure Β25. 14 March 1990.  
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c. 02 Level units, horizontal. 	 d. Flying bridge units, vertical.  

Figure Β26.15 March 1990.  
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APPENDIX C: SPRAY COLLECTOR TANK VOLTAGES, 
RELATIVE WIND SPEEDS AND AIR TEMPERATURE FOR THE FOUR CRREL 

HORIZONTAL COLLECTORS FOR THE MIDGETT RESEARCH CRUISE 

All plots begin at 0000 hours. 
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b.02 Level units, horizontal. 

Figure C1. 6 February 1990. 
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Figure C2. 7 February 1990. 
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a. Main deck units, horizontal. 	 b. 02 Level units, horizontal. 

Figure C3. 8 February 1990. 
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b. 02 Level units, horizontal.  

Figure C4. 9 February 1990.  
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Figure C5. 10 February 1990. 
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Figure C6. 11 February 

2750- 

	 Knots X 20 	 2500- 

- - - Fahrenheit  Χ  20 	 2250  -  

Minutes From 0000 GMT 

b. 02 Level units, horizontal. 

1990. 

2000 - Starboard Unit  - 2000 -1  
η 1750 - Port Unit  ro  1750 -  

	 Knots X 20  
ō  
>  1500 _ °> _ 1500- 

--- 	Fahrenheit  Χ  20  
1250- 1250 - 

Starboard Unit  - 

Port Unit  - 
1000- 1000 - 

750  750 -  
500  

:•^  500  - "^ 
250 ^ 250 - 

^rrι^ιι. 
?  

10080 	10260  10440 10620 10800 	10980 	11160 	11340 	11520  
0  
10080 10260 10440 10620 10800 	10980 	11160 	11340 	11520  

Minutes From 0000 GMT Minutes From 0000 GMT  
a. Main deck units, horizontal. 	 b. 02 Level units, horizontal.  

Figure C7. 12 February 1990.  

11520 11700 11880 12060 12240 12420 12600 12780 12960  11520 11700 11880 12060 12240 12420 12600 12780 12960  

Minutes From 0000 GMT 	 Minutes From 0000 GMT  
a. Main deck units, horizontal. 	 b. 02 Level units, horizontal. 

Figure C8. 13 February 1990. 
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Figure C9. 14 February 1990. 
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Figure Cll. 16 February 1990. 
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b. 02 Level units, horizontal. 
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Figure C12. 20 February 1990. 
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b. 02 Level units, horizontal. 

Figure C14. 22 February 1990. 
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Figure C16. 26 February 1990.  
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Figure C17. 28 February 1990. 
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Figure C18. 1 March 1990. 
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Figure C19. 2 March 1990.  
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Figure C20. 3 March 1990. 
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b. 02 Level units, horizontal.  

Figure C21. 4 March 1990.  
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a. Main deck units, horizontal.  
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Figure C23. 6 March 1990.  
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a. Main deck units, horizontal. 	 b. 02 Level units, horizontal. 

Figure C24. 7 March 1990.  
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b. 02 Level units, horizontal. 

Figure C25. 8 March 1990. 
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a. Main deck units, horizontal. 	 b. 02 Level units, horizontal. 

Figure C26. 9 March 1990.  
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a. Main deck units, horizontal. 	 b. 02 Level units, horizontal.  

Figure C27. 10 March 1990.  
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a. Main deck units, horizontal. 	 b. 02 Level units, horizontal.  

Figure C28. 14 March 1990.  
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data file: 1 	 Fitting Interval Limits  
09FΕΒ 	 5800 to 6960  

PerCent of Residuals 	 Polynomial  
about Mean Explained 	Coefficients  

0 9.94684E+013  
78 -1.55246E+011  
97 1.08962E+008  
97 -45289.5  
99 12.3451  
99 -0.00230589  
99 2.98899E-007  
99 -2.65494E-011  

100 1.546528-015  
100 -5.334748-020  
100 8.27527E-025  

APPENDIX D: POLYNOMIAL FITS FOR NOISY HORIZONTAL 
COLLECTOR SPRAY TANK VOLTAGES FOR 

SELECTED SEGMENTS OF THE MIDGETT RESEARCH CRUISE 

All plots begin at 0000 hours. 
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Minutes From 0000 GMT 

Figure Dl. Main deck port unit, 9 February 1990. 

Table Dl. Polynomial fit statistics for main deck port unit, 9 February 1990. 

Total points = 1440 
Points in fit interval 

Degree 

Current 
= 1161 
Orthogonal 

Factors 
0 401.388 
1 336.348 
2 164.185 
3 -2.53138 
4 -40.5347 
5 8.20023 
6 33.296 
7 8.14898 
8 -12.3482 
9 -7.99606 

10 3.48147 

data file: 1 	R midpoint = 6380  
09FΕΒ 	 Χ scale factor = 0.00344827586  

Recursion Factors  

	

Alpha 	 Beta  

	

0 	 0  

	

0 	 1.33563  

	

-6.87325E-017 	 1.0685  

	

9.00564E-017 	 1.03034  

	

6.24319E-018 	 1.01761  

	

-3.76288E-016 	 1.01182  

	

2.87002E-016 	 1.0087  

	

-1.20222E-017 	 1.00683  

	

-1.31348E-016 	 1.00561  

	

3.24561E-016 	 1.00477  

	

-7.87857E-017 	 1.00416  

Total points 
Points in fit 

Degree 

= 1440 	Current 
interval = 1161 

Sums of Squares 
of Residuals 

0 2.26324E+008 
1 5.0897E+007 
2 6232420 
3 6221480 
4 3367090 
5 3248890 
6 1283230 
7 1164680 
8 890955 
9 775630 

10 753676 
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Figure 02. Main deck port unit, 13 February 1990. 

Table 02. Polynomial fit statistics for main deck port unit, 13 February 1990. 

Total points = 1440 Current data file: 1 X midpoint = 12419.5 
Points in fit interval 1080 13FEB X scale factor = 0.00370713624 

Orthogonal Recursion Factors 
Degree Factors Alpha Beta 

0 414.53 0 0 
1 335.292 0 1.3358 
2 262.818 1.45909E-016 1. 06864 
3 153.314 -6.68282£-017 1. 03047 
4 34.7838 -8.72149£-017 1.01774 
5 -36.5628 2.l9729E-016 1.01195 
6 -50.889 -5.47177E-016 1.00883 
7 -29.5643 5.46693£-016 1. 00695 
8 -2.13003 -3.50547E-016 1. 00573 
9 16.7378 -4.67567E-017 1. 00489 

10 12.1643 3.46855E-016 1. 00428 

Total points = 1440 Current data file: 1 Fitting Interval Limits 
Points in fit interval 1080 13FEB 11880 to 12960 

Sums of Squares PerCent of Residuals Polynomial 
Degree of Residuals about Hean Explained Coefficients 

0 3.18565E+008 0 5.02758E+017 
1 1.56379E+008 51 -4.0643E+014 
2 4.9889E+007 84 1.47835E+011 
3 1.25469£+007 96 -3.18622E+007 
4 1.05906E+007 97 4506.07 
5 8403320 97 -0.436933 
6 4128700 99 2.94186£-005 
7 2675940 99 -1. 35807E-009 
8 2668350 99 4.11383E-014 
9 2197750 99 -7. 38377E-0l9 

10 1948130 99 5.96313E-024 
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Figure D3. 02 Level starboard unit, 13 February 1990.  

Table D3. Polynomial fit statistics for 02 level starboard unit, 13 February 
1990.  

Total points = 1440 
Points in fit interval 

Degree 

Current 
= 1381 
Orthogonal 

Factors 

data file: 	1 	R midpoint = 12210  
13FΕΒ 	 Χ scale factor = 0.00289855072  

Recursion Factors  
Alpha 	 Beta  

0 1869.35 0 0  
1 23.1702 0 1.33527  
2 7.3597 -1.08855E-016 1.06821  
3 5.52179 3.71543E-016 1.03006  
4 -2.30155 -7.80935E-016 1.01734  
5 3.29304 9.87932E-016 1.01155  
6 6.77047 -1.05151E-015 1.00843  
7 5.44152 2.90207E-016 1.00656  
8 -3.68812 5.86689E-016 1.00534  

Total points = 1440 
Points in fit interval 

Sums 
Degree 	 of 

0 
1 
2 
3 
4 
5 
6 
7 
8 

Current 
= 1381 
of Squares 
Residuals 

data file: 	1 	Fitting Interval Limits  
13FΕΒ 	 11520 to 12900  

PerCent of Residuals 	 Polynomial  
about Mean Explained 	Coefficients  

1487070 0 -9.38707E+012  
497099 67 6.13086E+009  
390405 74 -1751330  
328541 78 285.792  
317607 79 -0.0291399  
294964 80 1.901E-006  
198444 87 -7.74873E-011  
135687 91 1.80433Ε-015  
106704 93 -1.83761E-020  
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Figure D4. 02 Level port unit, 13 February 1990;.  

Table D4. Polynomial fit statistics for 02 level port unit, 13 February 1990.  

Total points = 1440 
points in fit interval 

Degree 

Current data file: 	1 	8 midpoint = 12210  
= 1381 	13FΕΒ 	 Χ scale factor = 0.00289855072  
Orthogonal 	 Recursion Factors  

Factors 	 Alpha 	 Beta  
0 85.2795 0 0  
1 62.5968 0 1.33527  
2 23.0434 -1.08855E-016 1.06821  
3 7.809 3.71543E-016 1.03006  
4 20.748 -7.80935E-016 1.01734  
5 21.8471 9.87932E-016 1.01155  
6 10.5954 -1.05151E-015 1.00843  
7 1.22074 2.90207E-016 1.00656  
8 1.51048 5.86689E-016 1.00534  

Total points 
Points in fit 

Degree 

= 1440 	Current 
interval = 1381 

Sums of Squares 
of Residuals 

data file: 	1 	 Fitting 
13FΕΒ 

PerCent of Residuals 
about Mean Explained 

Interval Limits  
11520 to 12900  
Polynomial  

Coefficients  
0 1.07799Ε+007 0 3.63074E+012  
1 3554460 67 -2.38624E+009  
2 2508500 77 686104  
3 2384770 78 -112.722  
4 1496190 86 0.0115743  
5 499592 95 -7.60576E-007  
ó 263208 98 3.12362E-011  
7 260049 98 -7.33036E-016  
8 255188 98 7.52595E-021  
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Figure D5. Main deck port unit, 14 February 1990. 

Table D5. Polynomial fit statistics for main deck port unit, 14 February 1990. 
a.  
Total points = 1440 
Points in fit interval 

Degree 

Current data file: 	1 	Χ midpoint = 13500  
= 721 	14FEB 	 Χ scale factor = 0.00555555556  
Orthogonal 	 Recursion Factors  

Factors 	 Alpha 	 Beta  
0 1476.28 0 0  
1 275.711 0 1.33704  
2 -19.8852 6.54154E-017 1.06962  
3 -18.663 -2.3257E-016 1.03141  
4 -10.1327 4.94402E-016 1.01867  
5 18.2031 -7.57528E-016 1.01286  
6 10.4578 1.00369E-015 1.00972  
7 -11.741 -5.77175E-016 1.00783  

Total points 
Points in fit 

Degree 

= 1440 	Current 
interval = 721 

Sums of Squares 
of Residuals 

data file: 	1 	 Fitting Interval Limits  
14FEB 	 13140 to 13860  

Percent of Residuals 	 Polynomial  
about Mean Explained 	Coefficients  

0 7.58008E+007 0 1.58359E+014  
1 2520630 97 -8.20078E+010  
2 2112900 97 1.81995E+007  
3 1742470 98 -2243.68  
4 1631240 98 0.165952  
5 1267650 98 -7.36421E-006  
6 1146480 98 1.81537E-010  
7 992548 99 -1.91778E-015  

b.*  

Total points = 1440 	Current 	data file: 2 	 Fitting Interval Limits  
Points in fit interval = 440 	14FEΒ 	 13960 to 14399  

	

Sums of Squares 	Percent of Residuals 	 Polynomial  
Degree 	 of Residuals 	about Mean Explained 	Coefficients  

0 	 3185760 	 0 	 81907.9  
1 	 1815790 	 43 	 -11.7694  
2 	 1798810 	 44 	 0.000430505  

* Orthogonal factors not needed for second degree polynomial.  
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Figure 06. 02 Level starboard unit, 14 February 1990. 

Table D6. Polynomial fit statistics for 02 level starboard unit, 14 February 1990. 

Total points = 1440 
points in fit interval 

Degree 
o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Total points = 1440 
points in fit interval 

Sums 
Degree of 

Current 
= 1300 
orthogonal 

Factors 
1014. 84 
220.454 

= 

-108.059 
-11.3062 

35.0741 
-1.93661 
-12.7114 

14.6491 
1.5798 

-9.74736 

Current 
1300 

of Squares 
Residuals 

0 1.14316E+008 
1 2.99461E+007 
2 8290710 
3 8046490 
4 5655250 
5 5647870 
6 5327430 
7 4899020 
8 4894010 
9 4702430 

data file: 1 X midpoint = 13749.5 
14FEB X scale factor = 0.00307929176 

Recursion 
Alpha 

o 
o 

8.28829E-017 
-2.17425E-016 

2.52902E-016 
-2.3212E-016 
1. 55375E-016 
1. 21817E-016 

-3.52359E-016 
5.87633E-016 

Factors 
Beta 

o 
1.33539 
1.06831 
1.03015 
1.01743 
1.01164 
1.00852 
1.00665 
1. 00543 
1.00459 

data file: 1 Fitting Interval Limits 
14FEB 13100 to 14400 

perCent of Residuals polynomial 
about Mean Explained Coefficients 

0 4.25362E+015 
74 -2.78658B+012 
93 8.11208B+008 
93 -137734 
95 15.0314 
95 -0.00109345 
95 5.30196E-008 
96 -1. 65243E-012 
96 3.00371E-017 
96 -2.4263E-022 
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Figure 07. 02 Level port unit, 14 February 1990. 

Table 07. Polynomial fit statistics for 02 level port unit, 14 February 1990. 

Total points = 1440 Current 
points in tit interval 1300 

Orthogonal 
Degree Factors 

0 676.179 
1 95.2221 
2 -27.361 
3 -1.64187 
4 0.636838 
5 5.5995 
6 -6.28902 
7 4.22817 
8 2.49404 
9 -3.69007 

10 -0.380555 

Total points = 1440 Current 
Points in fit interval = 1300 

Degree 
o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

SUIIIS ot Squares 
of Residuals 
1.77113E+007 

1970580 
582187 
577037 
576249 
514592 
436154 
400464 
387979 
360522 
360229 

data file: 1 X midpoint = 13749.5 
14FEB X scale factor = 0.00307929176 

Recursion Factors 
Alpha 

0 
0 

8.28829E-017 
-2.17425E-016 

2.52902E-016 
-2.3212E-016 
1.55375E-016 
1. 21817E-016 

-3.52359E-016 
5.87633E-016 

-7.92849E-016 

data tile: 1 
14FEB 

Beta 
0 

1.33539 
1. 06831 
1. 03015 
1.01743 
1.01164 
1. 00852 
1. 00665 
1. 00543 
1.00459 
1.00399 

Fitting Interval Limits 
13100 to 14400 

PerCent of 
about Mean 

Residuals 
Explained 

Polynomial 
Coefficients 

-5.37628E+015 
4.03471E+012 

-1. 36107E+009 
271803 

-35.5852 
0.00319167 

-1.98616E-007 
8.4681-012 

-2.367331-016 
3.918781-021 

-2.916931-026 
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Figure 08. Main deck starboard unit, 3 March 1990. 

Table D8. Polynomial fit statistics for main deck starboard unit, 3 March 1990. 

Total points = 1440 Current data file: 1 Fitting Interval Limits 
points in fit interval = 1440 03KAR 12960 to 38879 

Sums of Squares PerCent of Residuals Polynomial 
Degree of Residuals about Mean Explained Coefficients 

0 1.30979E+007 0 5.98747E+012 
1 3253370 75 -9.39893E+008 
2 1659010 87 61471.7 
3 1359190 90 -2.1441 
4 626894 95 4.20639E-005 
5 568710 96 -4.40095E-010 
6 530753 96 1. 9l843E-015 

Total points = 1440 
Points in fit interval 

Current data file: 1 X midpoint = 38159.5 

Degree 
o 
1 
2 
3 
4 
5 
6 

= 1440 03KAR X scale factor = 0.00277970813 
Recursion Factors orthogonal 

Factors 
886.113 
71.5557 
27.8628 

-11. 9054 
-18.4475 
-5.17029 

4.15863 

Alpha Beta 
o 0 
o 1.33519 

5.86678E-017 1.06815 
-6.74666E-017 1. 03 
-6.71813E-018 1.01728 
-2.82322E-016 1.01149 

5.64758E-016 1.00838 
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Figure D9. Main deck port unit, 3 March 1990.  

Table D9. Polynomial fit statistics for main deck port unit, 3 March 1990.  

Total points = 1440 	Current 
 

data file: 1 	x midpoint = 38159.5  
Points in fit interval = 1440 

	

03MAR 	Χ scale factor = 0.00277970813  

Degree 
Orthogonal  

Factors  
Recursion Factors  

Alpha 	 Beta  
0 301.816  0 0  

1 29.7743  0 1.33519  
2 7.92612  5.86678Ε-017 1.06815  
3 -6.93161  -6.74666 Ε-017 1.03  
4 -5.50438  -6.71813E-018 1.01728  
5 -0.181603  -2.82322E-016 1.01149  

Total points = 1440 	Current 
 

data file: 1 	 Fitting interval Limits  
Points in fit interval = 1440 

	

03MAR 	 37440 to 38879  

	

Sums of Squares 
	

PeτCent of Residuals 	Polynomial  
Degree 	 of Residuals 

	
about Mean Explained 	Coefficients  

0 2144190  0 1.74935E+009  
1 439721  79 -247070  
2 310701  86 13.8907  
3 209067  90 -0.000388829  
4 143870  93 5.42169E-009  
5 143798  93 -3.01384E-014  
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Table 010. Polynomial fit statistics for 02 level starboard unit, 3 March 1990. 

To~al points = 1440 
points in fit interval 

Deqree 
o 
1 
2 
3 
4 
5 

Total points 
points in fit 

Deqree 
0 
1 
2 
3 
4 
5 

= 1440 
interval 

Sums 
of 

Current 
= 1261 
orthoqonal 

Factors 
555 

15.4899 
1. 80152 

-1. 78751 

= 

1. 41935 
-1. 25081 

Current 
1261 

of Squares 
Residuals 

569810 
165756 
159917 
153995 
150195 
147210 

data file: 1 X midpoint = 38070 
03HAR X scale factor = 0.00317460317 

Recursion Factors 
1I1pha Beta 

o 0 
o 

1. 74049E-017 
-2.86331E-017 
-4.79203E-017 

1. 4506E-016 

data file: 1 
03HAR 

Fittinq 

PerCent of Residuals 
about Mean Explained 

0 
71 
72 
73 
74 
74 

94 

1.33545 
1.06836 

1. 0302 
1.01748 
1. 01169 

Interval Limits 
37440 to 38700 

Polynomial 
Coefficients 
3.25478E+010 

-4267130 
223.769 

-0.00586709 
7.69141E-008 

-4.03309E-013 
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Figure D11. Main deck starboard unit, 6 March 1990. 

Table Dll. Polynomial fit statistics for main deck starboard unit, 6 March 1990. 

a. 
Total points ~ 1440 
Points in fit interval 

Current data flle: 3 Fitting Interval Limits 
41760 to 42880 

Degree 
o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1121 06MAR 
Sums of Squares 

of Residuals 
7.46752E+007 
2.95802E+007 
2.90686E+007 

8274860 
5635290 
5635270 
3281180 
3280490 
3280390 
3043170 
2368920 

PerCent of Residuals 
about Mean Explained 

o 
60 
61 
89 
92 
92 
96 
96 
96 
96 
97 

Polynomial 
Coefficients 
5.33679E+059 

1.0805E-169 
1.4844E-312 
1.0805E-169 
1.4844E-312 

7.44821E-304 
1.89721E-320 
2.07125E-317 
2.07024E-317 
1.16186E-086 
2.26502E-317 

Total points = 1440 
Points in fit interval 

Current 
1121 

data file: 1 X midpoint = 42320 
o 6 MAR X scale factor = 0.00357142857 

Degree 
o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Orthogonal 
Factors 
968.145 
173.542 

-17.8826 
112.306 
39.6641 

-0.0988627 
37.0751 

0.632189 
0.243588 

11.6675 
-19.6294 

Recursion Factors 
Alpha Beta 

o 0 
o 1.33571 

3.4404E-017 1.06857 
4.21883E-017 1.0304 
4.525348-017 1.01767 
-2.541E-017 1.01189 

-1.46484E-016 1.00876 
-1.65956E-017 1.00688 
2.472328-017 1. 00566 
3.68759£-016 1.00482 

-6.72813E-016 1.00422 
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Table 011 (cont'd). Polynomial fit statistics for main deck starboard unit, 6 
March 1990. 

b. 
Total points = 1440 
points in fit interval 

SUIIIS 

Current data file: 2 Fitting Interval Limits 
42960 to 43199 

Polynomial 
Coefficients 

-4.04982E+017 
5.63902E+013 

-3.27159E+009 
101231 

-1.76193 
1. 63555E-005 

-6.32597E-011 

240 06KAR 

Degree of 
o 
1 
2 
3 
4 
5 
6 

Total points = 1440 
Points in fit interval 

Degree 
o 
1 
2 
3 
4 
5 
6 

of Squares 
Residuals 

2017540 
660556 
172596 
172478 
168529 
164435 
161280 

Current 
= 240 
orthogonal 

Factors 
1780.05 
64.8489 

-37.4969 
0.573467 

3.27333 
3.30267 

-2.87842 

PerCent of 
about Mean 

Residuals 
Explained 

o 
67 
91 
91 
92 
92 
92 

data file: 2 X midpoint = 43079.5 
06KAR X scale factor = 0.0167364017 

Recursion Factors 
Alpha Beta 

o 0 
o 1.34449 

-4.40404E-017 1.07554 
5.11842E-017 1. 03703 

-1.48069E-016 1.02411 
3.85556E-017 1.01813 
2.84018E-016 1.0148 

Table 012. Polynomial fit statistics for main deck port unit, 6 March 1990. 

a. 
Total points = 1440 
Points in fit interval 

Degree 
o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Current 
= 1121 
orthogonal 

Factors 
365.663 
170.733 
115.204 
112.104 
67.8982 
27.0816 
27.2672 
12.0371 

-0.306615 
0.462808 

data file: 1 X midpoint = 42320 
06KAR X scale factor = 0.00357142857 

Recursion 
Alpha 

o 
o 

3.4404E-017 
4.21883E-017 
4.52534E-017 
-2.541E-017 

-1.46484E-016 
-1.65956E-017 
2.47232E-017 
3.68759E-016 

Factors 
Beta 

o 
1. 33571 
1. 06857 

1.0304 
1.01767 
1.01189 
1.00876 
1. 00688 
1. 00566 
1. 00482 

Total points = 1440 Current data file: 1 Fitting Interval Limits 
Points in fit interval = 1121 06KAR 

SUIIIS of Squares PerCent of 
Degree of Residuals about Mean 

0 9.75542E+007 
1 5.39072E+007 
2 3.26719E+007 
3 1.1953E+007 

" 4218140 
5 2973000 
6 1699680 
7 1449830 
8 1449660 
9 1449290 

96 

Residuals 
Explained 

0 
45 
67 
88 
96 
97 
98 
99 
99 
99 

41760 to 42880 
Polynomial 

Coefficients 
-1.91475E+019 

4.06938E+015 
-3.84387E+011 

2.11805E+007 
-750.283 

0.0177187 
-2.7897E-007 
2.82361E-012 

-1. 66716E-017 
4.37501E-023 
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Figure D12. Main deck port unit, 6 March 1990. 

Table D12 (cont°d). Polynomial fit statistics for main deck port unit, 6 March  

1990.  

b.  

Total points = 1440 
Points in fit interval 

Degree 

Current 
= 240 
Orthogonal 

Factors 

data file: 	2 	Χ midpoint = 43079.5  
06MλR 	 Χ scale factor = 0.0167364017  

Recursion Factors  
Alpha 	 Beta  

0 1321.43 0 0  
1 288.278 0 1.34449  
2 -75.2927 -4.40404E-017 1.07554  
3 -36.9751 5.118425-017 1.03703  
4 8.50396 -1.48069E-016 1.02411  
5 17.9347 3.85556E-017 1.01813  
6 3.32435 2.84018E-016 1.0148  
7 -5.97245 -4.291415-016 1.01269  
8 -17.6204 4.23762E-016 1.01122  

Total points 
Points in fit 

Degree 

= 1440 	Current 
interval = 240 

Sums of Squares 
of Residuals 

0 2.9982E+007 
1 3166070 
2 1198640 
3 706590 
4 679935 
5 559231 
6 555022 
7 541266 
8 420186 

data file: 2 	 Fitting Interval Limits  
06ΜΑR 	 42960 to 43199  

PerCent of Residuals 	 Polynomial  
about Mean Explained 	Coefficients  

0 	 -1.28607E+024  
89 	 2.38843Ε+020  
96 	 -1.9406E+016  
98 	 9.00996E+011  
98 	 -2.6145E+007  
98 	 485.55  
98 	 -0.00563585  
98 	 3.73806E-008  
99 	 -1.08471E-013  
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Figure D13. 02 Level starboard unit, 6 March 1990. 

Table D13. Polynomial fit statistics for 02 level starboard unit, 6 March 1990.  

Total points = 1440 
Points in fit interval 

Degree 

Current 
= 1321 
Orthogonal 

Factors 

data file: 	1 	Χ midpoint = 42420  
06MAR 	 Χ scale factor = 0.00303030303  

Recursion Factors  
Alpha 	 Seta  

0 764.319 0 0  
1 174.82 0 1.33535  
2 101.267 -7.75393E-017 1.06828  
3 86.6117 1.52708E-016 1.03013  
4 4.08265 1.83015E-018 1.0174  
5 -29.4833 -1.06132E-016 1.01162  
6 -8.69629 6.04582E-017 1.0085  
7 -9.3289 -3.52639E- 018 1.00662  
8 7.92378 -1.05096E-017 1.00541  
9 17.7489 -5.22653E-017 1.00457  

Total points = 1440 	Current data file: 1 	 Fitting Iηtατval Limits  
Points in fit interval = 1321 	06MAR 	 41760 to 43080  

	

Sums of Squares 	PerCent of Residuals 	 Polynomial  
Degree 	 of Residuals 	about Mean Explained 	Coefficients  

0 9.28979E+007 0 -1.694085+020  
1 3.89862E+007 58 3.59606E+016  
2 1.96612E+007 79 -3.39258E+012  
3 5098970 95 1.867E+008  
4 5066050 95 -6604.89  
5 3329300 96 0.155772  
6 3176920 97 -2.449155-006  
7 3000400 97 2.47542E-011  
8 2872360 97 -1.459465-016  
9 2227020 98 3.82425E-022  
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Figure D14. 02 Level port unit, 6 March 1990.  

Table D14. Polynomial fit statistics for 02 level port unit, 6 March 1990.  

Total points = 1440 
Points in fit interval 

Degree 

Current data file: 	1 	x midpoint = 42600  
= 961 	06MAR 	 Χ scale factor = 0.00416666667  
Orthogonal 	 Recursion Factors  

Factors 	 Alpha 	 Beta  
0 762.78 0 0  
1 144.524 0 1.33611  
2 79.5545 -4.56539 Ε-017 1.06889  
3 -5.32057 2.71802E-017 1.03071  
4 -37.4059 -2.61193 Ε-016 1.01797  
5 -14.5837 4.19412E-016 1.01218  
6 10.8308 -4.09491E-016 1.00905  
7 14.5226 4.20311E-016 1.00717  
8 3.88656 -6.18783E-016 1.00594  
9 -8.86252 5.91284E-016 1.0051  

Total points 
Points in fit 

Degree 

= 1440 	Current 
interval = 961 

Sums of Squares 
of Residuals 

data file: 	1 	 Fitting 
06MAR 

Percent of Residuals 
about Mean Explained 

Interval Limits  
42120 to 43080  
Polynomial  

Coefficients  
0 3.98555E+007 0 1.55337E+021  
1 1.30361E+007 67 -3.2811E+017  
2 4349940 89 3.0802E+013  
3 4309900 89 -1.68675E+009  
4 2295020 94 59378.8  
5 1985030 95 -1.39354  
6 1812500 95 2.18027E-005  
7 1500090 96 -2.19287E-010  
8 1477580 96 1.28655E-015  
9 1359940 97 -3.35472E-021  
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Figure 015. Main deck port unit, 9 March 1990. 

Table 015. Polynomial fit statistics for main deck port unit, 9 March 1990. 

Total points = 181 Current data file: 1 X midpoint = 46157.5 
Points in fit interval 56 o 9 MAR X scale factor = 0.0727272727 

orthogonal Recursion Factors 
Degree Factors Alpha 

0 1269.2 0 
1 379.718 0 
2 10.3424 4.59115E-017 
3 -71.5622 0 
4 14.6922 0 
5 24.3458 3.73156E-017 
6 -0.0558921 -1.79606E-016 

Total points = 181 Current data file: 1 Fitting 
Points in fit interval = 56 o 9 MAR 

Degree 
o 
1 
2 
3 
4 
5 
6 

sums of Squares 
of Residuals 
1.18579E+007 

700536 
691394 
226057 
205506 
146884 
146884 

PerCent of 
about Mean 

100 

Residuals 
Explained 

o 
94 
94 
98 
98 
99 
99 

Beta 
0 

1.38182 
1.1044 

1.06325 
1.04778 
1.03882 
1.03196 

Interval Limits 
46130 to 46185 

polynomial 
Coefficients 

-9.03575E+019 
1. 152 08E+016 

-6.11819E+011 
1.73217E+007 

-275.74 
0.00234002 

-8.27055E-009 
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Figure D16. 02 Level starboard unit, 9 March 1990.  

Table D16. Polynomial fit statistics for 02 level starboard unit, 9 March 1990. 

Total points = 181 
Points in fit interval 

Sums 
Degree 	 of 

Current 
= 56 
of Squares 
Residuals 

data file: 	1 	 Fitting Interval Limits  
09MAR 	 46130 to 46185  

PerCent of Residuals 	Polynomial  
about Mean Explained 	Coefficients  

0 1254260 0 -1.56252E+022  
1 147397 88 2.03105E+018  
2 129644 90 -1.10003E+014  
3 70047.9 94 3.17751E+009  
4 36985.7 97 -51628.7  
5 31887.5 97 0.447399  
6 19723.4 98 -1.61543E-006  

Total points = 181 
Points in fit interval 

Degree 

Current data file: 	1 	Χ midpoint = 46157.5  
= 56 	09MAR 	$ scale factor = 0.0727272727  
Orthogonal 	 Recursion Factors  

Factors 	 Alpha 	 Beta  
0 1730.05 0 0  
1 119.599 0 1.38182  
2 -14.4127 4.59115E-017 1.1044  
3 -25.61 0 1.06325  
4 18.6351 0 1.04778  
5 7.17971 3.73156E-017 1.03882  
6 -10.917 -1.79606E-016 1.03196  
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Figure D17. 02 Level port unit, 9 March 1990. 

Table D17. Polynomial fit statistics for 02 level port unit, 9 March 1990. 

To~al points = 181 
Points in fit interval 

Sums 
Degree of 

0 
1 
2 
3 
4 
5 

Total points = 181 
Points in fit interval 

Degree 
o 
1 
2 
3 
4 
5 

Current 
95 

of Squares 
Residuals 

2088790 
554120 
188008 
186760 
158937 
103073 

current 
= 95 
Orthogonal 

Factors 
1240.58 
108.919 

-50.9789 
2.90523 
13.4791 

-18.8299 

data file: 1 Fitting Interval Limits 
09KAR 46130 to 46224 

PerCent of Residuals Polynomial 
about Mean Explained Coefficients 

0 5.51818E+017 
73 -5.9746E+013 
91 2.58751E+009 
91 -56030.5 
92 0.606648 
95 -2.6273E-006 

data file: 1 X midpoint = 46177 
09KAR X scale factor = 0.0425531915 

Recursion 
Alpha 

o 
o 
o 

1.26095E-017 
-2.40289E-017 

9.2797E-017 
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Factors 
Beta 

o 
1.3617 

1.089 
1. 04952 
1.03576 
1. 02885 



APPENDIX E: FORTRAN PROGRAM ORTHFLUX. FOR 
WITH SAMPLES OF INPUT AND OUTPUT FILES 

The program begins by initializing double preci
sion variables and character variables, and estab
lishing a data array for generating daily spray flux 
file names. Input file MY ASC.TXT, output file 
HRSPY.PLT and intermediate file FIXED. TXT are 
opened. MY ASC.TXT is a time-series by minute 
file of the eight tank voltages in millivolts, written 
in free-forma t. MV ASC. TXT is post-processed data 
logger output from the spray collectors consisting 
of minute averages of 12-second voltage readings 
from each tank (Walsh et a1. 1992). MY ASC. TXT is 
rewritten to FIXED. TXT in fixed format for easier 
processing. HRSPY.PLT is the destination of hourly 
spray flux computed within the program for later 
plotting. 

Several flags are set next, and the first minute of 
recorded data is read fromFIXED.TXT. If this minute 
is the first of a new hour, the sum of fluxes com
puted from the previous hour is written to 
HRSPY.PLT. The time in minutes is then com
puted, and the program determines if there has 
been a break in the data. The time in minutes is the 
number of minutes starting from OOOOZ on 5 Febru
ary. The ship departed Alameda, California, at 
about 2300Z on 5 February. 

A break in the data is important because the 
current minute's tank voltage is compared to the 
previous minute's tank voltage to compute a change 
of voltage and spray flux. If the data are broken 
from downloading procedures, instrument down
time or subfreezing conditions, variable IFLAG is 
set to prevent computation of hourly sums and the 
baseline voltage is set to the current voltage to 
compute no voltage change. Voltages that have 
been established as unreliable are then set as miss
ing, 9999.0, by time and collector. 

The 20 polynomial fits to noisy horizontal collec
tor data are now used to compute the current 
minute tank voltage in millivolts. If the current 
data minute for a given collector fit falls within the 
range of minutes for a given collector's polynomial 
fit curve, the orthogonal and recursive factors AL
PHA, BETA, B, XFIT, XSCALE and XMID are read 
from the program and used by subroutine 
ORTHPOL Y to compute the voltage. An explana
tion of ORTHPOL Y is in the Grapher program 
manual (Golden Software Inc. 1988). ALPHA, 
BETA, B, XFIT, XSCALE and XMID are read from 
the program rather than from a data file because it 
was more efficient at the time the program was 
written. 
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Minute-to-minute voltage changes are computed 
in the following way. If voltage has increased from 
the previous minute, the difference in voltage is 
computed. If voltages have decreased, perhaps 
because of slight noise in the data, voltage change 
is set to zero. For the CRREL collectors, if voltages 
are less than 130 m V, or greater than 2100 m V, the 
voltage change is set as missing, 9999.0, because the 
tank voltage is out of range. If the Young voltages 
are less than 130 m V or greater than 2400 m V, 
voltage change is set to 9999.0. If voltages are 
missing for any unit for the current minute, voltage 
change is set to 9999.0. 

The baseline reference voltage for computing 
voltage change to the next minute is set several 
ways. If the current voltage is greater than the 
previous minute's voltage, the baseline reference 
voltage variable AH equals the current minute's 
voltage. If current voltage is less than the previous 
minute's voltage by less than 25 mY, the new 
baseline reference voltage equals the current 
minute's voltage, the assumption being that the 
decrease may have been minor noise. This minor 
noise could greatly exaggerate the flux computed 
for the following minute if the following minute 
exhibited no noise, or noise in the opposite direc
tion. The overall goal was to compute conservative 
voltage changes, and thus fluxes, if noise produced 
problems. 

Larger decreases in voltage for the current minute 
from the previous minute were also dealt with 
conservatively. If the current voltage was 26 to 100 
m Vless than the previous voltage, the new baseline 
voltage was computed as 25% of the actual de
crease. Although arbitrary, this was again done to 
minimize exaggeration of fluxes from data noise. 
This procedure underestimates spray flux, which 
we considered more acceptable than overestimat
ing. Finally, if the current minute's voltage was 
more than 100 m V lower than the previous minute's, 
a drainage cycle was assumed to be ha ppening and 
the current minute's voltage became the new 
baseline voltage. 

Voltage changes per minute were converted to 
spray flux from the relationship between the change 
in voltage and the change in tank water volume 
necessary to cause the voltage changes. The CRREL 
collector voltages increased 0.215 m V f cm3 increase 
of water volume. The Young units changed 1000 
mV fcm of precipitated water depth. Included in 
the flux computations were the area of the CRREL 



vertical (0.0342 m2) and horizontal (0.0856 m2) 
collector openings and sea water density. All fluxes 
were computed in kg/m2 min. If voltage changes 
were missing (9999.0), flux was set equal to 9999.0. 
Minute fluxes were added to the hourly sum, or 
written to a file of minute fluxes ('DATE'.FLX). The 
following minute's voltage was then read from 
FIXED.TXT, and the entire process repeated. The 
program manages its files when minute fluxes are 
written to daily files. As days change, files are 
opened and closed for those days. The result is one 
file of spray flux for each day of spray data; how
ever, the data file represents 24 consecutive hours 
of Julian time (GMT) rather than local clock time. 

ORTHFLUX.FOR requires considerable modifi
cation for use on a ship with different cruise dates, 
numbers of collectors and types of collectors. See 
the following for suggested changes. 

Definition of variables used in 
FORTRAN programs 

Variable list 
NWMO =Month number (GMT). 
NWDA =Day of month (GMT). 
NWHR =Hour of day on 24-hour clock 

(GMT). 

muth. 

NWMIN = Minute of hour (GMT). 
COURSE = Ship heading in degrees azi-

SPEED = Ship speed in knots. 
WD = True wind direction in azimuth. 
WS = True wind speed in knots. 
RWD = Relative wind direction in azimuth 

(relative to ship bow). 
RWV = Relative wind velocity in knots 

(relative to ship bow). 
PR = Air pressure in inches of mercury. 
DB = Dry bulb temperature in degrees 

Fahrenheit. 
WB = Wet bulb temperature in degrees 

Fahrenheit. 
WAVED = Wave direction (from which 

coming) in azimuth. 
W A VEH = Wave height in feet. 
SWELLD = Swell direction (from which 

coming) in azimuth. 
SWELLH = Swell height in feet. 
MSG = Warning message about spray flux 

calculation corrections for horizontal collectors 
using relative wind. 

LAT = Latitude in degrees, minutes and 
tenths of minute. 
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LONG = Longitude in degrees, minutes 
and tenths of minute. 

WTEMP = Sea wa er temperature in de
grees Celsius. 

WSALIN = Sea water salinity in ppt. 
NWMO,NWDA,NWHR,NWMIN 24-

hour clock = All GMT. 
COURSE (AZIMUTH)-recorded when 

change occurs and on the 1/2 hour. 
SPEED (KNOTS)-recorded when change 

occurs and on the 1/2 hour. 
WD AND WS = Quartermasters converted 

relative wind to actual wind with calculator. An
emometer is an aero vane or similar, located on port 
yardarm on forward mast. 

RWD AND RWV-azimuth-relative 
wind as computed from ship's course and speed 
and true wind direction and speed. (Late in the 
cruise RWD was estimated by the quartermasters 
because the readout dial failed in the bridge.) 

Variable descriptions 
PR = Air pressure. Measured with a stan

dard aneroid barograph on the bridge. The ship's 
log indicates that pressure has been corrected to sea 
level. Recorded in inches of mercury hourly. 

DB = Bry bulb temperature. Measured with 
a mercurial thermometer located on the starboard 
bridge wing about 0.5 m above the main deck. 
Recorded hourly. 

WB = Wet bulb temperature. Measured 
initially with a mercurial thermometer in the same 
shelter as the dry bulb thermometer. 

WAVED, W A VEH, SWELLD, SWELLH = 
Wave direction, wave height, swell direction, swell 
height. Estimated by quartermasters. Recorded 
hourly. 

MSG= "FLUX NOT WIND CORRECTED" 
appears if relative wind could not be computed. 
The horizontal collectors (A,B,D,E) must be cor
rected for wind speed because their efficiency of 
collecting droplets decreases as wind speed in
creases. At a relative wind speed of 54 kn, spray 
flux could be underestimated by over 41 % without 
this correction. Horizontal collector values are not 
to be trusted when this message appears. Where 
data are available, corrections have been made to 
the fluxes. 

LAT, LONG = Latitude and longitude of 
ship from SA TN A V in degrees, minutes and tenths 
of minutes. Recorded irregularly. 

WTEMP = Sea water temperature in de
grees Celsius. Readings were made by CRREL 



onboard ship. Water temperatures in the logs were 
estimated by quartermasters from engine coolant 
inlets and are 1-4 degrees too high. CRREL tem
perature was measured with an accurate electronic 
thermometer. Water samples were from the sur
face, recorded as needed. 

WSALIN = Water salinity at the surface 
measured from the water samples used to obtain 
water temperature. 

A = Main deck starboard spray collector
horizontal flux-available by minute. 

Program listing 

FORTRAN PROGRAM ORTHFLUX.FOR 

C PROGRAM ORTHFLUX.FOR COMPUTES MINUTE AND 

B = Main deck port spray collector-hori
zontal flux-available by minute. 

C =01 Level spray collector-vertical flux
available by minute. 

D = 02 Level starboard spray collector
horizontal flux-available by minute. 

E = 02 Level port spray collector-horizon
tal flux-available by minute. 

F = Flying bridge collector-vertical flux
available by minute. 

C HOURLY FLUXES. HORIZONTAL UNITS NOT CORRECTED 
C FOR WIND SPEED. 
C 
C UNIT IDENTIFICATION: 
C A(l) - MAIN DECK STARBOARD - CRREL HORIZONTAL COLLECTOR 
C A(2) - MAIN DECK PORT - CRREL HORIZONTAL COLLECTOR 
C A(3) - 01 DECK - CRREL VERTICAL COLLECTOR 
C A(4) - 02 DECK - STARBOARD - CRREL HORIZONTAL COLLECTOR 
C A(5) - 02 DECK - PORT - CRREL HORIZONTAL COLLECTOR 
C A(6) - FLYING BRIDGE - CRREL VERTICAL COLLECTOR 
C A(7) - 01 DECK - YOUNG VERTICAL COLLECTOR 
C A(8) - FLYING BRIDGE - YOUNG VERTICAL COLLECTOR 
C 

**********INITIALIZE VARIABLES 

C 

DOUBLE PRECISION A(8), AH(8), AD(8), AF(8), AHRF(8) 
*,ALPHA(ll),BETA(ll),B(ll),XMID,XSCALE,X 

CHARACTER*9 OUTFIL 
CHARACTER*2 IDAA(31) 
DATA IDAA /'01', '02', '03', '04', 'OS', '06', 

*'07 1
, '08 1

, '09', '10', 1111, '121, '13 1
, '14', 

*115 1 ,116 1
, '17', 118', 119', 120', 121', '22', 

*' 23 1 ,124 1,125 1 , 126' ,127 1 ,128 1,129 1 ,130 I, '31' / 

**********OPEN FILES 

C INPUT FILES 
OPEN(5,FILE='MVASC.TXT') 

C 
C OUTPUT FILES 

OPEN(6,FILE='FIXED.TXT') 
OPEN(8,FILE='HRSPY.PLT') 

C 
C CREATE FILE OF FIXED FORMATS. 
C 

GO TO 88 
ICNT = 0 

**********READ FREE FORMAT VOLTAGE FILE MVASC.TXT 

32 READ(5,*,END=33)IDAY,ITIME,IA,IB,IC,ID,IE,IF,IG,IH 
ICNT = ICNT + 1 

**********WRITE FIXED FORMAT VOLTAGE FILE FILE FIXED. TXT 

C 

WRITE(6,10)IDAY,ITIME,IA,IB,IC,ID,IE,IF,IG,IH 
10 FORMAT(lX,I2,lX,I4,8(lX,I5)) 

GO ro 32 
33 CLOSE (5) 
88 REWIND 6 

C CHECK FOR PROPER SEQUENCE MINUTE BY MINUTE 
C ENABLING VOLTAGES FROM PREVIOUS MINUTES TO BE 
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C COMPARED TO CURRENT MINUTE. 
C 

35 

IDAPRE 00 
IPRESQ 1 
IPREHR 1 
IFLAG = 1 
IHRFL = 1 
GO TO 36 
IFLAG = 0 

**********READ MINUTE OF VOLTAGES FROM FILE FIXED.TXT 

36 READ (6,11, END=100) IDAY, IHR, MIN, (A (J) ,J=l, 8) 
11 FORMAT(lX,I2,lX,2I2,8(lX,F5.0)) 

**********IF NEW HOUR - PRINT TO HRSPY. PLT 

IHRSEQ = ((IDAY-36)*24)+IHR 
IF (IHRSEQ.EQ. (IPREHR+1)) GO TO 45 

46 IPREHR = IHRSEQ 

**********COMPUTE JULIAN MINUTE AND DETERMINE IF TIME INTERRUPTED 

JULIAN = ((IDAY-36)*1440)+(IHR*60)+MIN 
IF(JULIAN.NE. (IPRESQ+1)) IFLAG = 1 
IF(IFLAG.EQ.1) IHRFL = 1 
IPRESQ = JULIAN 
IF(IFLAG.EQ.O) GO TO 37 

**********TIME BREAK RESET BASELINE VOLTAGE TO CURRENT VOLTAGE 

C 

DO 38 L=1,8 
IF(A(L) .LE.O.O) A(L) 0.0 
AH(L) = A(L) 

38 CONTINUE 

C COMPUTE MINUTE FLUXES. 
C FLUX COMPUTED FROM VOLTAGE INCREASES ABOVE LAST 
C MAXIMUM VOLTAGE. 
C REMOVE PERIODS WHEN DATA ARE UNRELIABLE. 
C CRREL UNITS - 2100 MY MAX, 130 MY MIN 
C YOUNG UNITS - ? NOISE, 2400 MY MAX, 130 MY MIN 
C 
C ESTABLISH PERIODS OF DATA TO USE FOR EACH INSTRUMENT DURING 
C 1990 MIDGETT CRUISE 

**********SET ALL UNRELIABLE DATA TO MISSING 9999.0 

C 

C 

37 IF(JULIAN.GE.6440) A(l) = 9999.0 
IF(JULIAN.GE.4300) A(2) = 9999.0 
IF(JULIAN.GE.7200.AND.JULIAN.LE.41760) A(3) 9999.0 
IF(JULIAN.GE.46800) A(3) = 9999.0 
IF(JULIAN.GE.7200) A(4) = 9999.0 
IF(JULIAN.GE.7200) A(5) = 9999.0 
IF(JULIAN.GE.8640.AND.JULIAN.LE.11520) A(6) = 9999.0 
IF (JULIAN.GE.15840.AND.JULIAN.LE. 41760) A(6) = 9999.0 
IF(JULIAN.GE.46800) A(6) = 9999.0 
IF(JULIAN.GE.8640.AND.JULIAN.LE.11520) A(7) = 9999.0 
IF(JULIAN.GE.15840.AND.JULIAN.LE.41760) A(7) = 9999.0 
IF(JULIAN.GE.46800) A(7) = 9999.0 
IF(JULIAN.GE.8640.AND.JULIAN.LE.11520) A(8) = 9999.0 
IF(JULIAN.GE.15840.AND.JULIAN.LE.41760) A(8) = 9999.0 
IF(JULIAN.GE.46800) A(8) = 9999.0 

C COMPUTE MINUTE VOLTAGES FROM POLYNOMIAL FITS FOR SELECTED 
C PORTIONS OF NOISY MAIN DECK AND 02 LEVEL HORIZONTAL SPRAY 
C UNITS 

**********COMPUTE VOLTAGES FROM POLYNOMIAL FIT ORTHOGONAL 
***********FUNCTIONS IN SUBROUTINE ORTHPOLY 

C 
C POLYNOMIAL FIT - 09 FEB, MAIN DECK PORT 
C 
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C 

IF(JULIAN.LT.5800.0R.JULIAN.GT.6960) GO TO 750 
KFIT = 10 
XSCALE = 0.00344827586 
XMID = 6380.0 
ALPHA (1) O.DO 
ALPHA(2) O.DO 
ALPHA(3) -6.87325D-017 
ALPHA(4) 9.00564D-017 
ALPHA (5) 6. 24319D-018 
ALPHA(6) -3.76288D-016 
ALPHA(7) 2.87002D-016 
ALPHA(8) -1.20222D-017 
ALPHA(9) -1.31348D-016 
ALPHA(10) = 3.24561D-016 
ALPHA(ll) = -7.87857D-017 
BETA(l) O.DO 
BETA (2) 1. 33563 
BETA (3) 1. 0685 
BETA(4) 1.03034 
BETA(5) 1.01761 
BETA (6) 1.01182 
BETA (7) 1.0087 
BETA(8) 1.00683 
BETA(9) 1.00561 
BETA(10) = 1.00477 
BETA(ll) = 1.00416 
B(l) 801.388 
B(2) 336.348 
B(3) 164.185 
B(4) -2.53138 
B (5) -40.5347 
B (6) 8.20023 
B (7) 33.296 
B(8) 8.14898 
B(9) -12.3482 
B(10) = -7.99606 
B(l1) = 3.48147 
X = FLOAT(JULIAN) 
CALL ORTHPOLY (X,A(2),ALPHA,BETA,B,XMID,XSCALE,KFIT) 

C POLYNOMIAL FIT - 13 FEB, MAIN DECK PORT 
C 

750 IF(JULIAN.LT.11880.0R.JULIAN.GT.12960) GO TO 751 
KFIT = 10 
XSCALE = 0.00370713624 
XMID = 12419.5 
ALPHA(l) O.DO 
ALPHA(2) O.DO 
ALPHA(3) 1.45909D-016 
ALPHA (4) -6. 68282D-017 
ALPHA(5) -8.72149D-017 
ALPHA(6) 2.19729D-016 
ALPHA(7) -5.47177D-016 
ALPHA(8) 5.46693D-016 
ALPHA(9) -3.50547D-016 
ALPHA(10) = -4.67567D-017 
ALPHA(ll) = 3.46855D-016 
BETA(l) O.DO 
BETA (2) 1. 3358 
BETA(3) 1.06864 
BETA(4) 1.03047 
BETA(5) 1.01774 
BETA(6) 1.01195 
BETA(7) 1.00883 
BETA(8) 1.00695 
BETA(9) 1.00573 
BETA(10) = 1.00489 
BETA(ll) = 1.00428 
B(l) 414.53 
B(2) 335.292 
B(3) 262.818 
B(4) 153.314 
B(5) 34.7838 
B(6) -36.5628 
B(7) -50.889 
B(8) -29.5643 
B(9) -2.13003 
B(10) = 16.7378 
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B(l1) = 12.1643 
x = FLOAT(JULIAN) 
CALL ORTHPOLY (X,A(2) ,ALPHA,BETA,B,XMID,XSCALE,KFIT) 

C 
C POLYNOMIAL FIT - 13 FEB, 02 LEVEL STARBOARD 
C 

C 

751 IF(JULIAN.LT.11520.0R.JULIAN.GT.12900) GO TO 752 
KFIT = 8 
XSCALE = 0.00289855072 
XMID = 12210.0 
ALPHA (1) O.DO 
ALPHA(2) O.DO 
ALPHA(3) -1.08855D-016 
ALPHA(4) 3.71543D-016 
ALPHA(5) -7.80935D-016 
ALPHA(6) 9.87932D-016 
ALPHA(7) -1.05151D-015 
ALPHA(8) 2.90207D-016 
ALPHA(9) 5.86689D-016 
BETA(l) O.DO 
BETA(2) 1.33527 
BETA(3) 1.06821 
BETA(4) 1.03006 
BETA(5) 1.01734 
BETA(6) 1.01155 
BETA(7) 1.00843 
BETA(8) 1.00656 
BETA(9) 1.00534 
B(1) 1869.35 
B(2) 23.1702 
B(3) 7.3597 
B(4) 5.52179 
B(5) -2.30155 
B(6) 3.29304 
B(7) 6.77047 
8(8) 5.44152 
B(9) -3.68812 
X = FLOAT (JULIAN) 
CALL ORTHPOLY (X,A(4),ALPHA,BETA,B,XMID,XSCALE,KFIT) 

C POLYNOMIAL FIT - 13 FEB, 02 LEVEL PORT 
C 

752 IF(JULIAN.LT.12100.0R.JULIAN.GT.12910) GO TO 753 
KFIT = 8 
XSCALE = 0.00289855072 
XMID = 12210.0 
ALPHA(l) O.DO 
ALPHA(2) O.DO 
ALPHA(3) -1.08855D-016 
ALPHA(4) 3.71543D-016 
ALPHA(5) -7.80935D-016 
ALPHA(6) 9.87932D-016 
ALPHA(7) -1.05151D-015 
ALPHA(8) 2.90207D-016 
ALPHA(9) 5.86689D-016 
BETA(l) O.DO 
BETA(2) 1.33527 
BETA(3) 1.06821 
BETA(4) 1.03006 
BETA(5) 1.01734 
BETA(6) 1.01155 
BETA(7) 1.00843 
BETA(8) 1.00656 
BETA(9) 1.00534 
B(l) 85.2795 
B(2) 62.5968 
B(3) 23.0434 
B(4) 7.809 
B(5) 20.748 
B(6) 21.8471 
B(7) 10.5954 
B(8) 1.22074 
B(9) 1.51048 
X = FLOAT (JULIAN) 
CALL ORTHPOLY (X,A(5) ,ALPHA,BETA,B,XMID,XSCALE,KFIT) 
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C 
C POLYNOMIAL FIT - 14 FEB, MAIN DECK PORT - EARLY 
C 

C 

753 IF(JULIAN.LT.13140.0R.JULIAN.GT.13860) GO TO 754 
KFIT = 7 
XSCALE = 0.00555555556 
XMID = 13500.0 
ALPHA(l) O.DO 
ALPHA(2) O.DO 
ALPHA(3) 6.54154D-017 
ALPHA(4) -2.3257D-016 
ALPHA(5) = 4.94402D-016 
ALPHA(6) -7.57528D-016 
ALPHA(7) = 1.00369D-015 
ALPHA(8) = -5.77175D-016 
BETA(l) O.DO 
BETA(2) 1.33704 
BETA(3) 1.06962 
BETA(4) 1.03141 
BETA (5) 1. 01867 
BETA(6) 1.01286 
BETA(7) 1.00972 
BETA(8) 1.00783 
B(l) 1476.28 
B(2) 275.711 
B (3) -19.8852 
B(4) -18.663 
B(5) -10.1327 
B(6) 18.2031 
B(7) 10.4578 
B(8) -11.741 
X = FLOAT(JULIAN) 
CALL ORTHPOLY (X,A(2),ALPHA,BETA,B,XMID,XSCALE,KFIT) 

C POLYNOMIAL FIT - 14 FEB, MAIN DECK PORT - LATE 
C 

C 

754 IF(JULIAN.GE.13960.AND.JULIAN.LE.14399) 
*A(2) = 81907.9 
*-(11.7694*FLOAT(JULIAN» 
*+(0.000430505*(FLOAT(JULIAN)**2.0» 

C POLYNOMIAL FIT - 14 FEB, 02 LEVEL STARBOARD 
C 

IF(JULIAN.LT.13100.0R.JULIAN.GT.14400) GO TO 755 
KFIT = 9 
XSCALE = 0.00307929176 
XMID = 13749.5 
ALPHA(l) O.DO 
ALPHA(2) O.DO 
ALPHA(3) 8.28829D-017 
ALPHA(4) -2.17425D-016 
ALPHA(5) 2.52902D-016 
ALPHA (6) -2. 3212D-016 
ALPHA(7) 1.55375D-016 
ALPHA(8) 1.21817D-016 
ALPHA (9) -3. 52359D-016 
ALPHA(10) = 5.87633D-016 
BETA(l) O.DO 
BETA(2) 1.33539 
BETA(3) 1.06831 
BETA(4) 1.03015 
BETA(5) 1.01743 
BETA(6) 1.01164 
BETA(7) 1.00852 
BETA(8) 1.00665 
BETA (9) 1.00543 
BETA (10) = 1. 00459 
B(l) 1014.84 
B(2) 220.454 
B(3) -108.059 
B(4) -11.3062 
B(5) 35.0741 
B(6) -1.93661 
B(7) -12.7114 
B(8) 14.6491 
B(9) 1.5798 
B(10) = -9.74736 
X = FLOAT(JULIAN) 
CALL ORTHPOLY (X,A(4),ALPHA,BETA,B,XMID,XSCALE,KFIT) 
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C 
C POLYNOMIAL FIT - 14 FEB, 02 LEVEL PORT 
C 

C 

755 IF(JULIAN.LT.13100.0R.JULIAN.GT.14400) GO TO 756 
KFIT = 10 
XSCALE = 0.00307929176 
XMID = 13749. 5 
ALPHA (1) O.DO 
ALPHA(2) O.DO 
ALPHA(3) 8.28829D-017 
ALPHA(4) -2.17425D-016 
ALPHA (5) 2. 52902D-016 
ALPHA(6) -2.3212D-016 
ALPHA(7) 1.55375D-016 
ALPHA(8) 1.21817D-016 
ALPHA (9) -3.52359D-016 
ALPHA(10) = 5.87633D-016 
ALPHA(ll) = -7.92849D-016 
BETA(l) O.DO 
BETA(2) 1.33539 
BETA(3) 1.06831 
BETA(4) 1.03015 
BETA(5) 1.01743 
BETA(6) 1.01164 
BETA(7) 1.00852 
BETA(8) 1.00665 
BETA(9) 1.00543 
BETA(10) = 1.00459 
BETA(ll) = 1.00399 
B(l) 676.179 
B(2) 95.2221 
B(3) -27.361 
B (4) -1. 64187 
B (5) 0.636838 
B(6) 5.5995 
B(7) -6.28902 
B(8) 4.22817 
B(9) 2.49404 
B(10) = -3.69007 
B(ll) = -0.380555 
X = FLOAT (JULIAN) 
CALL ORTHPOLY (X,A(5),ALPHA,BETA,B,XMID,XSCALE,KFIT) 

C POLYNOMIAL FIT - 03 MAR, MAIN DECK STARBOARD 
C 

C 

756 IF(JULIAN.LT.37440.0R.JULIAN.GT.38879) GO TO 757 
KFIT = 6 
XSCALE = 0.00277970813 
XMID = 38159.5 
ALPHA (1) O.DO 
ALPHA(2) O.DO 
ALPHA(3) 5.86678D-017 
ALPHA (4) -6.74666D-017 
ALPHA (5) -6.71813D-018 
ALPHA (6) -2. 82322D-016 
ALPHA (7) 5.64758D-016 
BETA(l) O.DO 
BETA(2) 1.33519 
BETA(3) 1.06815 
BETA (4) 1.03 
BETA(5) 1.01728 
BETA(6) 1.01149 
BETA(7) 1.00838 
B(l) 886.113 
B(2) 71.5557 
B(3) 27.8628 
B(4) -11.9054 
B(5) -18.4475 
B(6) -5.17029 
B(7) 4.15863 
X = FLOAT (JULIAN) 
CALL ORTHPOLY (X,A(l),ALPHA,BETA,B,XMID,XSCALE,KFIT) 

C POLYNOMIAL FIT - 03 MAR, MAIN DECK PORT 
C 

757 IF(JULIAN.LT.37440.0R.JULIAN.GT.38879) GO TO 758 
KFIT = 5 
XSCALE = 0.00277970813 
XMID = 38 15 9 . 5 
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C 

ALPHA(l) O.DO 
ALPHA (2) O. DO 
ALPHA (3) 5.86678D-017 
ALPHA(4) -6.74666D-017 
ALPHA (5) -6.71813D-018 
ALPHA (6) -2. 82322D-016 
BETA(l) O.DO 
BETA (2) 1. 33519 
BETA(3) 1.06815 
BETA(4) 1.03 
BETA(5) 1.01728 
BETA (6) 1.01149 
B(l) 301.816 
B(2) 29.7743 
B(3) 7.92612 
B(4) -6.93161 
B(5) -5.50438 
B(6) -0.181603 
X = FLOAT(JULIAN) 
CALL ORTHPOLY (X,A(2),ALPHA,BETA,B,XMID,XSCALE,KFIT) 

C POLYNOMIAL FIT - 03 MAR, 02 LEVEL STARBOARD 
C 

758 IF(JULIAN.LT.37440.0R.JULIAN.GT.38700) GO TO 759 
KFIT = 5 
XSCALE = 0.00317460317 
XMID = 38070.0 
ALPHA(l) O.DO 
ALPHA(2) O.DO 
ALPHA(3) 1. 74049D-017 
ALPHA(4) -2.86331D-017 
ALPHA(5) -4.79203D-017 
ALPHA(6) 1.4506D-016 
BETA(l) O.DO 
BETA(2) 1.33545 
BETA(3) 1.06836 
BETA(4) 1.0302 
BETA(5) 1.01748 
BETA (6) 1. 01169 
B(l) 555.0 
B(2) 15.4899 
B (3) 1.80152 
B(4) -1.78751 
B(5) 1.41935 
B(6) -1.25081 
X = FLOAT(JULIAN) 
CALL ORTHPOLY (X,A(4),ALPHA,BETA,B,XMID,XSCALE,KFIT) 

C 
C POLYNOMIAL FIT - 06 MAR, MAIN DECK STARBOARD - EARLY 
C 

759 IF(JULIAN.LT.41760.0R.JULIAN.GT.42880) GO TO 760 
KFIT = 10 
XSCALE = 0.00357142857 
XMID = 42320.0 
ALPHA(l) O.DO 
ALPHA(2) O.DO 
ALPHA (3) 3.4404D-017 
ALPHA(4) 4.21883D-017 
ALPHA (5) 4.52534D-017 
ALPHA(6) -2.541D-017 
ALPHA(7) -1.46484D-016 
ALPHA (8) -1. 65956D-01 7 
ALPHA(9) 2.47232D-017 
ALPHA(10) = 3.68759D-016 
ALPHA (11) = -6.72813D-016 
BETA(l) O.DO 
BETA (2) 1.33571 
BETA(3) 1.06857 
BETA(4) 1. 0304 
BETA(5) 1.01767 
BETA(6) 1.01189 
BETA(7) 1.00876 
BETA(8) 1.00688 
BETA(9) 1.00566 
BETA(10) = 1.00482 
BETA(ll) = 1.00422 
B(l) = 968.145 
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B(2) 173.542 
B(3) -17.8826 
B(4) 112.306 
B(5) 39.6641 
B(6) -0.0988627 
B(7) 37.0751 
B(8) 0.632189 
B(9) 0.243588 
B(10) = 11.6675 
B(l1) = -19.6294 
X = FLOAT (JULIAN) 
CALL ORTHPOLY (X,A(l),ALPHA,BETA,B,XMID,XSCALE,KFIT) 

C 
C POLYNOMIAL FIT - 06 MAR, MAIN DECK STARBOARD - LATE 
C 

C 

760 IF(JULIAN.LT.42960.0R.JULIAN.GT.43199) GO TO 761 
KFIT = 6 
XSCALE = 0.0167364017 
XMID = 43079.5 
ALPHA(l) O.DO 
ALPHA(2) O.DO 
ALPHA(3) -4.040404D-017 
ALPHA(4) 5.11842D-017 
ALPHA(5) -1.48069D-016 
ALPHA(6) 3.85556D-017 
ALPHA(7) 2.84018D-016 
BETA(l) O.DO 
BETA(2) 1.34449 
BETA(3) 1.07554 
BETA(4) 1.03703 
BETA(5) 1.02411 
BETA(6) 1.01813 
BETA(7) 1.0148 
B(l) 1780.05 
B(2) 64.8489 
B(3) -37.4969 
B(4) 0.573467 
B(5) 3.27333 
B(6) 3.30267 
B(7) -2.87842 
X = FLOAT (JULIAN) 
CALL ORTHPOLY (X,A(l),ALPHA,BETA,B,XMID,XSCALE,KFIT) 

C POLYNOMIAL FIT - 06 MAR, MAIN DECK PORT - EARLY 
C 

761 IF(JULIAN.LT.41760.0R.JULIAN.GT.42880) GO TO 762 
KFIT = 9 

XSCALE = 0.00357142857 
XMID = 42320.0 
ALPHA(l) O.DO 
ALPHA(2) O.DO 
ALPHA(3) 3.4404D-017 
ALPHA(4) 4.21883D-017 
ALPHA(5) 4.52534D-017 
ALPHA(6) -2.541D-017 
ALPHA(7) -1.46484D-016 
ALPHA(8) -1. 65956D-017 
ALPHA(9) 2.47232D-017 
ALPHA(10) = 3.68759D-016 
BETA(l) O.DO 
BETA(2) 1.33571 
BETA(3) 1.06857 
BETA (4) 1. 0304 
BETA(5) 1.01767 
BETA(6) 1.01189 
BETA(7) 1.00876 
BETA(8) 1.00688 
BETA(9) 1.00566 
BETA(10) = 1.00482 
B(l) 365.663 
B(2) 170.733 
B(3) 115.204 
B(4) 112.104 
B(5) 67.8982 
B(6) 27.0816 
B(7) 27.2672 
B(8) 12.0371 
B (9) -0.306615 
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C 

B(10) = 0.462808 
X = FLOAT(JULIAN) 
CALL ORTHPOLY (X,A(2),ALPHA,BETA,B,XMID,XSCALE,KFIT) 

C POLYNOMIAL FIT - 06 MAR, MAIN DECK PORT - LATE 
C 

C 

762 IF(JULIAN.LT.42960.0R.JULIAN.GT.43199) GO TO 763 
KFIT = 8 
XSCALE = 0.0167364017 
XMID = 43079.5 
ALPHA(l) O.DO 
ALPHA(2) O.DO 
ALPHA (3) -4. 40404D-017 
ALPHA(4) 5.11842D-017 
ALPHA (5) -1.48069D-016 
ALPHA(6) 3.85556D-017 
ALPHA(7) 2.84018D-016 
ALPHA(8) -4.29141D-016 
ALPHA(9) 4.23762D-016 
BETA(l) O.DO 
BETA(2) 1.34449 
BETA (3) 1.07554 
BETA(4) 1.03703 
BETA(5) 1.02411 
BETA(6) 1.01813 
BETA (7) 1.0148 
BETA(8) 1.01269 
BETA(9) 1. 01122 
B(l) 1321.43 
B(2) 288.278 
B (3) -75.2927 
B(4) -36.9751 
B(5) 8.50396 
B(6) 17.9347 
B(7) 3.32435 
B(8) -5.97245 
B(9) -17.6204 
X = FLOAT(JULIAN) 
CALL ORTHPOLY (X,A(2) ,ALPHA,BETA,B,XMID,XSCALE,KFIT) 

C POLYNOMIAL FIT - 06 MAR, 02 LEVEL STARBOARD 
C 

763 IF (JULIAN. LT. 41760.0R.JULIAN.GT. 43080) GO TO 764 
KFIT = 9 
XSCALE = 0.00303030303 
XMID = 42420.0 
ALPHA(l) O.DO 
ALPHA(2) O.DO 
ALPHA(3) -7. 75393D-017 
ALPHA(4) 1.52708D-016 
ALPHA(5) 1.83015D-018 
ALPHA(6) -1. 06132D-016 
ALPHA(7) 6.04582D-017 
ALPHA(8) -3.52639D-018 
ALPHA(9) -1.05096D-017 
ALPHA(10) = -5.22653D-017 
BETA(l) O.DO 
BETA (2) 1.33535 
BETA(3) 1.06828 
BETA(4) 1.03013 
BETA(5) = 1.0174 
BETA(6) 1.01162 
BETA (7) 1. 0085 
BETA(8) = 1.00662 
BETA (9) 1.00541 
BETA(10) = 1.00457 
B(l) 764.319 
B(2) 174.82 
B (3) = 101. 267 
B(4) = 86.6117 
B(5) 4.08265 
B(6) -29.4833 
B(7) -8.69629 
B(8) = -9.3289 
B(9) 7.92378 
B(10) = 17.7489 
X = FLOAT(JULIAN) 
CALL ORTHPOLY (X,A(4),ALPHA,BETA,B,XMID,XSCALE,KFIT) 
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C 
C POLYNOMIAL FIT - 06 MAR, 02 LEVEL PORT 
C 

C 

764 IF(JULIAN.LT.42120.0R.JULIAN.GT.43080) GO TO 765 
KFIT = 9 
XSCALE = 0.00416666667 
XMID = 42600.0 
ALPHA(l) 0.00 
ALPHA(2) 0.00 
ALPHA(3) -4.565390-017 
ALPHA(4) 2.718020-017 
ALPHA(5) -2.611930-016 
ALPHA(6) 4.194120-016 
ALPHA (7) -4.094910-016 
ALPHA (8) 4.203110-016 
ALPHA(9) -6.187830-016 
ALPHA(10) = 5.912840-016 
BETA(l) 0.00 
BETA(2) 1.33611 
BETA(3) 1.06889 
BETA(4) 1.03071 
BETA(5) 1.01797 
BETA(6) 1.01218 
BETA(7) 1.00905 
BETA(8) 1.00717 
BETA(9) 1.00594 
BETA(10) = 1.0051 
B(l) 762.78 
B(2) 144.524 
B(3) 79.5545 
B(4) -5.32057 
B(5) -37.4059 
B (6) -14.5837 
B(7) 10.8308 
B(8) 14.5226 
B (9) 3.88656 
B(10) = -8.86252 
X = FLOAT (JULIAN) 
CALL ORTHPOLY (X,A(5),ALPHA,BETA,B,XMIO,XSCALE,KFIT) 

C POLYNOMIAL FIT - 09 MAR, MAIN DECK PORT - HIGH SPEED RUN 
C 

C 

765 IF(JULIAN.LT.46130.0R.JULIAN.GT.46185) GO TO 766 
KFIT = 6 
XSCALE = 0.0727272727 
XMID = 46157. 5 
ALPHA(l) 0.00 
ALPHA(2) 0.00 
ALPHA(3) 4.591150-017 
ALPHA(4) 0.00 
ALPHA(5) 0.00 
ALPHA(6) 3.731560-017 
ALPHA (7) -1. 796060-016 
BETA(l) 0.00 
BETA(2) 1.38182 
BETA(3) 1.1044 
BETA(4) 1.06325 
BETA(5) 1.04778 
BETA(6) 1.03882 
BETA(7) 1.03196 
B(l) 1269.2 
B (2) 379.718 
B(3) 10.3424 
B(4) -71.5622 
B(5) 14.6922 
B(6) 24.3458 
B(7) -0.0558921 
X = FLOAT(JULIAN) 
CALL ORTHPOLY (X,A(2) ,ALPHA,BETA,B,XMIO,XSCALE,KFIT) 

C POLYNOMIAL FIT - 09 MAR, 02 LEVEL STARBOARD - HIGH SPEED RUN 
C 

766 IF(JULIAN.LT.46130.0R.JULIAN.GT.46185) GO TO 767 
KFIT = 6 
XSCALE = 0.0727272727 
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XMID = 46157.5 
ALPHA(l) 0.00 
ALPHA (2) 0.00 
ALPHA(3) 4.591150-017 
ALPHA(4) 0.00 
ALPHA(5) 0.00 
ALPHA(6) 3.731560-017 
ALPHA (7) -1.796060-016 
BETA(l) 0.00 
BETA(2) 1.38182 
BETA(3) 1.1044 
BETA(4) 1.06325 
BETA(5) 1.04778 
BETA (6) 1. 03882 
BETA(7) 1.03196 
B(l) - 1730.05 
B(2) 119.599 
B(3) -14.4127 
B(4) -25.61 
B(5) 18.6351 
B(6) ~ 7.17971 
B(7) ~ -10.917 
X = FLOAT(JULIAN) 
CALL ORTHPOLY (X,A(4),ALPHA,BETA,B,XMID,XSCALE,KFIT) 

C 
C POLYNOMIAL FIT - 09 MAR, 02 LEVEL PORT - HIGH SPEED RUN 
C 

C 

767 IF(JULIAN.LT.46130.0R.JULIAN.GT.46224) GO TO 768 
KFIT = 5 
XSCALE = 0.0425531915 
XMID = 46177.0 
ALPHA (1) 0.00 
ALPHA(2) 0.00 
ALPHA(3) 0.00 
ALPHA(4) 1.260950-017 
ALPHA(5) -2.402890-017 
ALPHA (6) 9.27970-017 
BETA(l) 0.00 
BETA(2) 1.3617 
BETA(3) 1.089 
BETA(4) 1.04952 
BETA(5) 1.03576 
BETA(6) 1.02885 
B(l) 1240.58 
B(2) 108.919 
B(3) -50.9789 
B(4) 2.90523 
B(5) 13.4791 
B(6) -18.8299 
X = FLOAT(JULIAN) 
CALL ORTHPOLY (X,A(5),ALPHA,BETA,B,XMID,XSCALE,KFIT) 

**********COMPUTE VOLTAGE CHANGES EACH MINUTE 
C 

C 

DO 39 L=1,8 
IF(A(L) .GT.AH(L» AD(L) = A(L) - AH(L) 
IF(A(L) .LE.AH(L» AD(L) = 0.0 
IF(L.GE.7) GO TO 50 
IF(A(L) .LT.130.0.0R.A(L) .GT.2100.0) AD(L)=9999. 

50 IF(A(7) .LT.130.0.0R.A(7) .GT.2400.0) AD(7)=9999. 
IF(A(8) .LT.130.0.0R.A(8) .GT.2400.0) AD(8)=9999. 
IF(A(L) .EQ.999.0) A(L) = 9999.9 

**********COMPUTE NEW BASELINE REFERENCE VOLTAGE 
C 

C 

IF(A(L) .GE.AH(L» AH(L) = A(L) 
IF(A(L) .LT.AH(L) .AND.A(L) .GE. (AH(L)-25.0» 

*AH (L) = AH (L) 
IF(A(L) .LT. (AH(L)-25.0) .AND.A(L) .GE. (AH(L)-100.0» 

*AH(L) = A(L) + ABS(((AH(L) - A(L» * 0.75» 
IF(A(L) .LT. (AH(L)-100.0» AH(L) = A(L) 

**********CONVERT MILLIVOLTS TO SPRAY FLUX 

CALL CRREL COLLECTORS CHANGED 0.215MV/CM**3 
C ALL YOUNG GAUGES CHANGED 1000MV/CM PRECIP 
C YOUNG KG/M**2 = 500 CM**2/M**2 DIVIDED BY 1000G/KG 
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C NOTE: CRREL VOLTAGE RANGE FOR YOUNG GAUGE IS 2500 MV 
C VERSUS THE 500 MV SPECIFIED BY YOUNG DUE TO DATA 
C LOGGER VOLTAGE LIMITATIONS. 
C AREA OF HORIZONTAL GAUGES (8") = 0.0324M**2 
C AREA OF VERTICAL GAUGES (13") = 0.0856M**2 
C AREA OF 01 LEVEL VERTICAL GAUGE BEFORE DAY 48 (17 FEB) 
C (5.625") = 0.016M**2 
C SEAWATER EQUALS ABOUT 1.03G/CM**3 
C CONVERT ALL TO KG/M**2/MIN 
C 

C 

IF(L.LE.2) AF(L) = (AD(L)/0.215)*1.03*30.86*.001 
IF(L.EQ.4.0R.L.EQ.5) AF(L) (AD(L)/0.215)*1.03* 

*30.86*.001 
IF(L.EQ.3.0R.L.EQ.6) AF(L) (AD(L)/0.215)*1.03* 

*11.68*.001 
IF(L.EQ.3.AND.IDAY.LT.48) AF(L)=(AD(L)/0.215)* 

*1. 03*62. 5*.001 
IF(L.GE.7) AF(L) = (AD(L)) * 0.02 * 1.03 
IF(AD(L) .EQ.9999.) AF(L) = 9999. 

C ADD MINUTE VALUES IF NO PROBLEMS DURING HR 
C 

C 

AHRF(L) = AHRF(L) + AF(L) 
IF(IHRFL.EQ.1) AHRF(L) = 9999. 
IF(AHRF(L) .GE.9999.) AHRF(L) = 9999. 

39 CONTINUE 

C CREATE OUTPUT FILE FOR EACH DAY OF LOG 
C 

**********NEW DAY? THEN CLOSE OLD "DATE". SPY FILE 

IF (IDAY.EQ.IDAPRE) GO TO 42 
IDAPRE = IDAY 
CLOSE (7) 
MON = 03 
IF(IDAY.LE.59) MON 02 
IDAE = IDAY - 31 
IF(MON.EQ.03) IDAE IDAE - 28 
OUTFIL = IDAA(IDAE)//'FEB.SPY' 
IF(MON.EQ.03) OUTFIL = IDAA(IDAE)//'MAR.SPY' 
WRITE(*,70) OUTFIL 

70 FORMAT(' CREATING FILE ',A9) 

**********OPEN NEW "DATE". SPY FILE 

OPEN(7,FILE=OUTFIL) 

**********WRITE MINUTE OF SPRAY FLUX TO "DATE". SPY FILE 

C 

42 WRITE(7,4l)MON,IDAE,IHR,MIN, (AF(J),J=1,8),JULIAN 
41 FORMAT(4(lX,I2),8(lX,F9.4),lX,I8) 

GO TO 35 

C PRINT HOURLY SUMS OF FLUXES 
C 

45 IPREHR = IHRSEQ 
IF(IHRFL.NE.O) GO TO 49 

**********WRITE HOURLY SpRAY FLUX SUM IN FILE HRSpy. pLT 

C 

WRITE (8,48) MON, IDAE, IHR, (AHRF (J), J=l, 8), IHRSEQ 
48 FORMAT(3(lX,I2),8(lX,F10.4) ,lX,I8) 
49 DO 47 K=1,8 

47 

100 

AHRF(K) = 0.0 
CONTINUE 
IHRFL 
GO TO 
CLOSE 
CLOSE 
CLOSE 
STOP 
END 

= 0 
46 
(6) 
(7) 
(9) 
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**********SUBROUTINE ORTHPOLY 

C SUBROUTINE ORTHPOLY 
C 

SUBROUTINE ORTHPOLY (X,VALUE1,ALPHA, 
*BETA,B,XMID,XSCALE,KFIT) 

REAL*8 ALPHA(*),BETA(*),B(*),XMID,XSCALE 
*,X,VALUE1,XX,YOLD,YNEW 

INTEGER KFIT 
XX = (X-XMID)*XSCALE 
YOLO = B (KFIT) 
YNEW = B(KFIT-1)+(XX-ALPHA(KFIT))*YOLD 
DO 8 K=KFIT-2,1,-1 
YSAV YNEW 
YNEW = B(K) + (XX-ALPHA(K+1))*YNEW-BETA(K+1)*YOLD 

8 YOLO YSAV 
VALUE1 = YNEW 
RETURN 
END 

************************************************************ 

SAMPLE INPUT AND OUTPUT FILES FOR ORTHFLUX. FOR 

**********FILE MVASC.TXT FROM (0045 

38,45,903,1016,681,694,377,660,635,544 
38,46,903,1016,681,691,375,660,635,544 
38,47,903,1016,681,690,375,661,635,544 
38,48,903,1016,681,692,375,661,635,544 
38,49,903,1016,681,692,376,661,635,544 
38,50,903,1016,681,691,375,661,635,544 
38,51,903,1016,681,691,375,660,635,544 
38,52,903,1016,681,691,374,660,635,544 
38,53,903,1016,681,691,375,660,635,544 
38,54,903,1016,681,690,378,660,635,544 
38,55,903,1016,681,692,377,660,635,544 
38,56,903,1016,681,689,377,660,635,544 
38,57,903,1016,681,693,375,660,635,544 
38,58,903,1016,681,691,375,660,635,544 
38,59,903,1016,681,689,377,660,635,544 
38,100,903,1016,681,690,375,659,635,544 
38,101,903,1017,680,688,377,661,635,544 
38,102,904,1018,681,699,377,660,635,544 
38,103,904,1018,680,697,376,660,635,544 
38,104,904,1018,681,696,377,660,635,544 
38,105,904,1018,681,697,376,660,635,544 
38,106,904,1018,681,695,375,660,635,544 
38,107,904,1018,680,694,378,660,635,544 
38,108,904,1018,680,693,378,660,635,544 
38,109,906,1019,681,696,381,661,635,544 
38,110,905,1019,681,699,380,662,635,544 
38,111,904,1019,682,701,378,661,635,544 
38,112,902,1019,682,698,376,659,635,544 
38,113,903,1019,682,700,380,660,635,544 
38,114,903,1021,681,701,378,660,635,544 
38,115,903,1021,680,702,380,660,635,544 

**********FILE FIXED. TXT FROM (0045 

38 45 
38 46 
38 47 
38 48 
38 49 
38 50 
38 51 
38 52 
38 53 
38 54 
38 55 
38 56 
38 57 
38 58 
38 59 
38 100 
38 101 
38 102 
38 103 

903 1016 
903 1016 
903 1016 
903 1016 
903 1016 
903 1016 
903 1016 
903 1016 
903 1016 
903 1016 
903 1016 
903 1016 
903 1016 
903 1016 
903 1016 
903 1016 
903 1017 
904 1018 
904 1018 

681 
681 
681 
681 
681 
681 
681 
681 
681 
681 
681 
681 
681 
681 
681 
681 
680 
681 
680 

694 
691 
690 
692 
692 
691 
691 
691 
691 
690 
692 
689 
693 
691 
689 
690 
688 
699 
697 

377 
375 
375 
375 
376 
375 
375 
374 
375 
378 
377 
377 
375 
375 
377 
375 
377 
377 
376 

660 
660 
661 
661 
661 
661 
660 
660 
660 
660 
660 
660 
660 
660 
660 
659 
661 
660 
660 
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0115 GMT) 7 FEBRUARY 1990 

0115 GMT) 7 FEBRUARY 1990 

635 
635 
635 
635 
635 
635 
635 
635 
635 
635 
635 
635 
635 
635 
635 
635 
635 
635 
635 

544 
544 
544 
544 
544 
544 
544 
544 
544 
544 
544 
544 
544 
544 
544 
544 
544 
544 
544 



38 104 
38 105 
38 106 
38 107 
38 108 
38 109 
38 110 
38 111 
38 112 
38 113 
38 114 
38 115 

904 1018 
904 1018 
904 1018 
904 1018 
904 1018 
906 1019 
905 1019 
904 1019 
902 1019 
903 1019 
903 1021 
903 1021 

681 
681 
681 
680 
680 
681 
681 
682 
682 
682 
681 
680 

696 
697 
695 
694 
693 
696 
699 
701 
698 
700 
701 
702 

377 
376 
375 
378 
378 
381 
380 
378 
376 
380 
378 
380 

660 
660 
660 
660 
660 
661 
662 
661 
659 
660 
660 
660 

635 
635 
635 
635 
635 
635 
635 
635 
635 
635 
635 
635 

544 
544 
544 
544 
544 
544 
544 
544 
544 
544 
544 
544 

**********FILE HRSPY.PLT FROM (0000 - 0012 GMT) 7 FEBRUARY 1990 

2 7 1 
0.0000 
272 

0.0000 
2 7 3 

0.0000 
2 7 4 

0.0000 
275 

0.0000 
2 7 6 

0.0000 
2 7 7 

0.0000 
2 7 8 

0.0000 
279 

0.0000 
2 7 10 

0.0000 
2 7 11 

0.0000 
2 7 12 

0.0000 

0.1478 
0.0412 
0.2957 
0.0206 
1.0349 
0.0000 
0.5914 
0.0206 
0.2957 
0.0000 
2.9568 
0.0000 
3.9917 
0.0206 
4.1395 
0.0206 
1. 9219 
0.1854 
0.7392 
0.0412 
0.8870 
0.0206 
1. 9219 
0.0000 

2.2176 
0.0000 
1. 6263 
0.0206 
8.4269 
0.0000 

10.3489 
0.0206 
4.7309 
0.0000 

10.2010 
0.0206 
5.0266 
0.0000 
3.1047 
0.0206 
2.0698 
0.0000 
1. 9219 
0.0000 
1. 3306 
0.0000 
0.7392 
0.0000 

0.0000 
49 

0.0000 
50 

0.0000 
51 

0.0000 
52 

0.0000 
53 

0.0000 
54 

0.0000 
55 

0.0000 
56 

0.0000 
57 

0.0000 
58 

0.0000 
59 

0.0000 
60 

1.3306 

0.0000 

3.6129 

8.6949 

0.0445 

2.1783 

1. 6263 

9.4618 

3.8439 

0.0000 

0.0000 

1. 0349 

1.7741 

1.7741 

1.0349 

3.1047 

1. 6263 

0.8870 

0.2957 

1.3306 

3.1047 

1.1827 

0.8870 

0.0000 

ORTHFLUX. FOR Program Modification for Another Ship 

FLOWCHART STEP - INITIALIZE VARIABLES: 

Dimension variables A, AH, AD, AF, and AHRF for the number of 
spray collectors on the ship. 

FLOWCHART STEP - OPEN FILES: 

Rename MVASC.TXT to suit input file name. 

FLOWCHART STEP - READ FREE FORMAT INPUT FILE MVASC.TXT: 

Change the 32 READ statement to read the proper number of 
voltages, one for each collector. For example, if there are 4 
collectors, variables 11, 12, 13, and 14 would be read and 
written, and the write fOrmat would be 4(lX,IS). 

FLOWCHART STEP - WRITE FIXED FORMAT FILE FIXED. TXT: 

Change the WRITE statement and the 10 FORMAT statement to read the 
proper number of voltages, one for each collector. For example, 
if there are 4 collectors, variables I1, I2, I3, and I4 would be 
read and written, and the write format would be 4 (lX, IS). 

FLOWCHART STEP - READ MINUTE OF VOLTAGES FROM FILE FIXEDF.TXT: 

Change the implied DO in the 36 READ statement to read the 
number of spray collectors on the ship. 
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FLOWCHART STEP - IF NEW HOUR - PRINT TO HRSPY.PLT: 

Adjust IHRSEQ equation to suit. Change (IDAY-36) to (IDAY -
number of days from 1 January to first day of cruise) to minimize 
size of Julian hour numbers. 

FLOWCHART STEP - COMPUTE JULIAN MINUTE AND DETERMINE IF TIME 
INTERRUPTED: 

Adjust JULIAN equation to suit. Change (IDAY-36) to (IDAY -
number of days from 1 January to first day of cruise) to minimize 
size of Julian minute numbers. 

FLOWCHART STEP - TIME BREAK - RESET BASELINE VOLTAGE TO CURRENT 
VOLTAGE: 

No changes. 

FLOWCHART STEP - SET ALL UNRELIABLE DATA TO MISSING - 9999.0: 

Change all JULIAN times to suit. 

FLOWCHART STEP - COMPUTE VOLTAGES FROM POLYNOMIAL FIT ORTHOGONAL 
FUNCTIONS IN SUBROUTINE ORTHPOLY: 

All equations will change because of different curve fits, if 
they are needed at all to smooth noisy data. 

FLOWCHART STEP - COMPUTE VOLTAGE CHANGES EACH MINUTE: 

Change minimum and maximum acceptable vOltages to suit, and 
change the number of collectors to suit. 

FLOWCHART STEP - COMPUTE NEW BASELINE REFERENCE VOLTAGE: 

Several potential changes here. This step tests to determine if 
voltages are greater or less than voltages of the previous minute, 
and establishes a new baseline reference voltage for the following 
minute. 

The test for voltages that have decreased are dependent upon 
noise in the data. In this program, voltages that have dropped 
less than 25 mv are considered in the reasonable noise realm. 
Voltages that drop more than 100 mv are considered tank drainage 
events. 

If there are days when some spray collectors were considered 
unreliable, then voltages should be set to 9999.0 for this range 
of days. For example, on the MIDGETT cruise, spray collector 1 was 
unreliable between Julian days 40 and 59, and spray collector 2 
was unreliable between Julian days 47 and 59. 

FLOWCHART STEP - CONVERT MILLIVOLTS TO SPRAY FLUXES: 

Changes in this section deal with the collector area openings. 
Change the areas for each collector to suit. 

FLOWCHART STEPS - NEW DAY? THEN CLOSE OLD "DATE". Spy FILE AND 
OPEN NEW "DATE".SPY FILE: 

Output files are created for each day of output for each month 
of the cruise. MON = 3 is the last month of the two month MIDGETT 
cruise. If the Julian day is less than 59, the month was 
February, or month 2. Files are named by the day and the month. 
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Month designators must be changed for the months of the cruise. 
Always consider Leap Years when counting Julian days. 

Change 41 FORMAT for the number of spray collectors on the ship. 
For example, for 4 collectors, the format would be changed to read 
4(lX,F9.4) . 

FLOWCHART STEPS - WRITE MINUTE OF SPRAY FLUX TO "DATE". Spy FILE 
AND WRITE HOURLY SPRAY FLUX SUM IN FILE HRPSY.PLT; 

Change WRITE statements and FORMAT statements to suit number of 
collectors on ship. 

FLOWCHART STEP - SUBROUTINE ORTHPOLY; 

Largely derived from GRAPHER manual (Golden Software Inc. 1988). 
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APPENDIX F: FORTRAN PROGRAM WINDY.FOR 
WITH SAMPLES OF INPUT AND OUTPUT FILES 

Character variables for file management are ini
tialized, and the first date to be analyzed is read 
from file DATES.FIL. Input files 'IDATE'.sPY for 
spray flux, and 'IDATE'.DAY for log data, are 
opened for the date specified in DATES.FIL. Out
put files 'DATE' .FLX and 'DATE' .ALB are written. 

'DATE' .FLX includes log data and spray flux for 
the six CRREL collectors and the two Young collec
tors. 'DATE'.ALB includes log data and spray flux 
for the six CRREL collectors only. 'DATE'.sPY is 
read to scratch file 'DATE' .sCR on a RAM disk for 
faster processing because the file must be searched 
repeatedly to find a minute of spray flux that 
matches a minute of log data. This can be accom
plished on a computer with a RAM disk of suffi
cient size to hold the file. 

A minute oflog data is read from 'DATE'DAY,and 
'DATE'.sPY is scanned for a matching minute of 
spray data. If no matching spray data are found, log 
data are written to 'DATE'.ALB and 'DATE'.FLX, 
with 9999.0 inserted for the missing spray data. The 
log data for the minute being analyzed are tested for 
sufficient information to compute relative wind di
rection and speed. If insufficient data are available to 
compute relative wind, log and spray data are writ
ten to 'DATE'.ALB and 'DATE'.FLX files with the 
message "FLUX NOT WIND CORRECTED" as a 
warning that horizontal spray collected fluxes may 
be underestimated. 

If sufficient data are available to compute rela
tive wind direction and speed across the ship bow 
for a given minute, subrou tine RELATIVE is called. 
Variables necessary to compute relative wind speed 
and direction are true wind direction and speed, 
and ship speed and heading. True wind speed and 
direction were measured by an anemometer on the 
port yardarm of the forward mast. Wind speeds 
were not altered for the difference in height of the 
anemometer and horizontal spray collectors above 
the water. Wind direction was also not corrected 

Program listing: 
FORTRAN PROGRAM WINDY.FOR 

for turbulence around the ship superstructure that 
may have altered relative wind direction at each 
collector opening. 

Subroutine RELATIVE computes relative wind 
direction and speed by calculating the x, y compo
nents of the ship course and speed and the recipro
cal true wind vector. The apparent wind vector x, y 
components and the magnitude of the apparent 
wind vector are then computed. If special cases of 
wind directions from 0, 90 or 270° occur, the recip
rocal of the wind direction is computed to find the 
relative wind direction. For other directions, the 
direction of the apparent wind vector is computed, 
tests are made to determine if the direction is in the 
second or third Cartesian quadrants, and, if true, 
wind direction is corrected by adding 180°. The 
reciprocal of the wind direction is then computed, 
as for the special cases above, to find the relative 
wind direction. Finally, wind direction is adjusted 
for ship course. 

In the main program, relative wind direction is 
then corrected for collector orientation. Each hori
zontal collector was not mounted with the collector 
opening exactly facing the bow-each was angled 
5 to 25° towards the bulwarks. Relative wind speed 
is then computed at each collector opening. Rela
tive wind speeds were computed as calm if the 
relative wind direction was more than 90° off the 
collector opening. 

The collection efficiency of each horizontal col
lector is then computed from a Walsh et al. (1992) 
equation, and the corrected spray flux is deter
mined. The corrected horizontal collector flux, un
corrected vertical collector flux and log data are 
then written to 'DATE' .FLX and 'DATE' .ALB, and 
the next minute of log data is read. 

Defination of variables used in 
FORTRAN programs 

See Appendix E. 

C*********************************************************** 
C PROGRAM WINDY.FOR CORRECTS MINUTE INTERVAL SPRAY FLUX 
C FOR RELATIVE WIND AT HORIZONTAL MIDGETT COLLECTORS. 
C UNITS ARE CORRECTED FOR THE WIND BY UTILIZING 
C MINUTE SHIP SPEED AND HEADING AND HOURLY WEATHER LOGS. 
C WINDS ARE ASSUMED UNIFORM FOR ALL LOCATIONS AND 
C HEIGHTS. WIND WAS MEASURED ON THE FORWARD YARDARM. 
C 
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**********INITIALIZE VARIABLES 

C 

CHARACTER*S IDATE 
CHARACTER*9 ILOGFL, ISPYFL, IFLXFL, LAT, LONG 

*,IPZFIL 
CHARACTER*ll lRAMD 

C OPEN EXISTING DAILY FILES FOR LOGS AND SPRAY DATA 
C AND OPEN NEW DAILY FILE FOR FLUX DATA 
C 

**********READ DATES TO ANALYZE FROM FILE DATES.FIL 

OPEN(4,FILE='DATES.FIL') 
80 READ(4,8l,END=100)IDATE 
81 FORMAT (lX,AS) 

CLOSE (S) 
CLOSE (6) 
CLOSE (7) 
CLOSE (9,STATUS='DELETE') 

**********OPEN FILES 

C 

IFLXFL IDATE//' .FLX' 
ILOGFL IDATE//'.DAY' 
ISPYFL IDATE//' .SPY' 
IPZFIL IDATE//' .ALB' 
lRAMD = 'D:'//IDATE//' .SCR' 
OPEN (S,FILE=IFLXFL) 
OPEN(6,FILE=ILOGFL) 
OPEN(7,FILE=ISPYFL) 
OPEN(8,FILE=IPZFIL) 

**********COPY "DATE". SPY TO RAM DISK FOR FASTER PROCESSING 

C COPY SPRAY FILES TO RAM DRIVE 
C 

OPEN (9,FILE=IRAMD) 
WRITE(*,86)IRAMD 

86 FORMAT(' WRITING FILE TO RAM DRIVE, FILE = ',A12) 
87 READ(7,2,END=88)MO,IDA,IHR,MIN,A,B,C,D,E,F,G,H 

WRITE(9,2)MO,IDA,IHR,MIN,A,B,C,D,E,F,G,H 
GO TO 87 

88 WRITE(*,84)IFLXFL, IPZFIL, ILOGFL, ISPYFL 
84 FORMAT(' CREATING ',A9,' AND ',A9,' FROM ',A9,' AND ',A9) 

C 
C MERGE LOGS AND SPRAY FLUXES UNCORRECTED FOR WIND 
C MINUTE BY MINUTE 
C 
C MIDGETT SPRAY UNIT IDENTIFICATION: 
C A - MAIN DECK STARBOARD - CRREL HORIZONTAL COLLECTOR 
C B - MAIN DECK PORT - CRREL HORIZONTAL COLLECTOR 
C C - 01 DECK - CRREL VERTICAL COLLECTOR 
C D - 02 DECK - STARBOARD - CRREL HORIZONTAL COLLECTOR 
C E - 02 DECK - PORT - CRREL HORIZONTAL COLLECTOR 
C F - FLYING BRIDGE - CRREL VERTICAL COLLECTOR 
C G - 01 DECK - YOUNG VERTICAL COLLECTOR 
C H - FLYING BRIDGE - YOUNG VERTICAL COLLECTOR 
C 

GO TO 23 
21 REWIND (9) 

**********READ MINUTE OF LOG DATA FROM FILE "DATE" . DAY 

23 READ (6,7l,END=80)NWMO,NWDA,NWHR,NWMIN,COURSE,SPEED,WD, 
*WS,PR,DB,WB,WAVED,WAVEH,SWELLD,SWELLH,LAT,LONG, 
*WTEMP,WSALIN 

71 FORMAT (4 (lX, 12),11 (lX, F7 .2),2 (lX,A9), 2 (lX, F7 .2» 

**********SCAN "DATE". SPY 
**********CURRENT MINUTE 

FOR MINUTE OF 
OF LOG DATA 

SPRAY 

31 READ(9,2,END=32)MO,IDA,IHR,MIN,A,B,C,D,E,F,G,H 
2 FORMAT(4(lX,I2),8(F10.4» 
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**********WERE SPRAY DATA FOUND TO MATCH LOG DATA? 

IF(IHR.NE.NWHR) GO TO 31 
IF(MIN.NE.NWMIN) GO TO 31 
GO TO 33 

**********IF SPRAY DATA MISSING, WRITE LOG DATA WITH SPRAY 
**********AS MISSING VALUES 9999.0 

C 

32 WRITE (5,1)NWMO,NWDA,NWHR,NWMIN,COURSE,SPEED,WD,WS,PR, 
*DB,WB,WAVED,WAVEH,SWELLD,SWELLH,LAT,LONG,WTEMP,WSALIN 

1 FORMAT(4(lX,I2),4(lX,F7.2),16X,/,F8.2,6(lX,F7.2),/,24X, 
*2(lX,A9),2(lX,F6.1),/, 
*' 9999.00 9999.00 9999.00 9999.00 9999.00 9999.00' 
*' 9999.00 9999.00') 

WRITE (8,111)NWMO,NWDA,NWHR,NWMIN,COURSE,SPEED,WD,WS,PR, 
*DB,WB,WAVED,WAVEH,SWELLD,SWELLH,LAT,LONG,WTEMP,WSALIN 

111 FORMAT(4(lX,I2),4(lX,F7.2),16X,/,F8.2,6(lX,F7.2),/,24X, 
*2 (lX,A9) ,2 (lX,F6.1) ,I, 
*' 9999.00 9999.00 9999.00 9999.00 9999.00 9999.00') 

GO TO 21 

C COMPUTE RELATIVE WIND AND SPRAY FLUX 
C 

33 IF(WS.EQ.O.O) WS = 0.5 
IF(WS.LE.O.O) GO TO 52 
IF(WD.EQ.O.O) WD = 1.0 
IF(WD.LE.O.O) GO TO 52 
IF(SPEED.EQ.O.O) SPEED = 0.5 
IF(SPEED.LE.O.O) GO TO 52 
IF(COURSE.EQ.O.O) COURSE = 1.0 
IF(COURSE.LE.O.O) GO TO 52 

**********CALL SUBROUTINE RELATIVE TO COMPUTE RELATIVE WIND 
**********SPEED AND DIRECTION FOR SHIP 

CALL RELATIVE(WS,WD,SPEED,COURSE,RWV,RWD) 
C 
C CORRECT RELATIVE WIND FOR OFF AXIS POSITION OF HORIZONTAL 
C COLLECTORS FROM SHIP CENTER LINE. 
C MAIN DECK STARBOARD UNIT ORIENTED 22.0 STARBOARD DEGREES 
C OF CENTERLINE 
C MAIN DECK PORT UNIT ORIENTED 24.8 PORT DEGREES 
C 
C 
C 
C 
C 

OF 
02 
OF 
02 
OF 

CENTERLINE 
DECK STARBOARD 
CENTERLINE 
DECK PORT UNIT 
CENTERLINE 

UNIT ORIENTED 6.3 DEGREES STARBOARD 

ORIENTED 4.98 DEGREES PORT 

**********COMPUTE RELATIVE WIND DIRECTION FOR STARBOARD COLLECTORS 

C 
C RELATIVE WIND STARBOARD MAIN DECK AND 02 LEVEL UNITS 
C 

C 

IF(RWD.LE.180.0) RWDMDS = ABS(RWD - 22.0) 
IF(RWD.GT.180.0.AND.RWD.LE.360) 

*RWDMDS = ABS«360.0 - RWD)+ 22.0) 

IF(RWD.LE.180.0) RWD2LS = ABS(RWD - 6.3) 
IF(RWD.GT.180.0.AND.RWD.LE.360) 

*RWD2LS = ABS( (360.0 - RWD) + 6.3) 

**********COMPUTE RELATIVE WIND DIRECTION FOR PORT COLLECTORS 

C 
C RELATIVE WIND PORT MAIN DECK AND 02 LEVEL UNITS 
C 

C 

IF(RWD.LE.180.0) RWDMDP = ABS(RWD + 24.8) 
IF(RWD.GT.180.0.AND.RWD.LE.360) 

*RWDMDP = ABS( (360.0 - RWD) - 24.8) 

IF(RWD.LE.180.0) RWD2LP = ABS(RWD + 4.98) 
IF(RWD.GT.180.0.AND.RWD.LE.360) 

*RWD2LP = ABS( (360.0 - RWD) - 4.98) 
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**********COMPUTE RELATIVE WIND SPEED FOR ALL SPRAY COLLECTORS 

C 
C COMPUTE WIND SPEED FOR HORIZONTAL UNITS 
C 

RADD = 3.14159/180.0 
IF(RWDMDS.GT.90.0) RWDMDS 90.0 
IF(RWDMDP.GT.90.0) RWDMDP 90.0 
IF(RWD2LS.GT.90.0) RWD2LS 90.0 
IF(RWD2LP.GT.90.0) RWD2LP 90.0 
RWVMDS 
RWVMDP 
Rwv2LS 
Rwv2LP 

RWV * COS (RWDMDS*RADD) 
RWV * COS (RWDMDP*RADD) 
RWV * COS (RWD2LS*RADD) 
RWV * COS (RWD2LP*RADD) 

**********COMPUTE COLLECTION EFFICIENCY FOR EACH HORIZONTAL 
**********SPRAY COLLECTOR 

C 
C COMPUTE COLLECTION EFFICIENCY FOR HORIZONTAL UNITS 
C 

IF(RWVMDS.LE.6.5) EFFMDS 
IF(RWVMDP.LE.6.5) EFFMDP 
IF(RWV2LS.LE.6.5) EFF2LS 
IF(RWV2LP.LE.6.5) EFF2LP 
IF(RWVMDS.GT.6.5) EFFMDS 

*(((1.854 * RWVMDS) - 12.0) 
IF(RWVMDP.GT.6.5) EFFMDP = 

* (((1. 854 * RWVMDP) - 12.0) 
IF(RWV2LS.GT.6.5) EFF2LS = 

* (( (1. 854 * RWV2LS) - 12.0) 
IF(RWV2LP.GT.6.5) EFF2LP = 

* (( (1. 854 * RWV2LP) - 12.0) 

.9925 

.9925 

.9925 

.9925 
0.01 * (98.5 -
* 0.4545)) 
0.01 * (98.5 -
* 0.4545)) 
0.01 * (98.5 -
* 0.4545)) 
0.01 * (98.5 -
* 0.4545)) 

**********COMPUTE CORRECTED SPRAY FLUX FOR EACH HORIZONTAL 
**********COLLECTOR 

C 
C CORRECT THE FOUR HORIZONTAL UNITS FOR RELATIVE WIND 
C 

IF(A.LT.9000.0) A 
IF(B.LT.9000.0) B 
IF(D.LT.9000.0) D 
IF(E.LT.9000.0) E 

A * (1.0/EFFMDS) 
B * (1.0/EFFMDP) 
D * (1.0/EFF2LS) 
E * (1.0/EFF2LP) 

**********WRITE ALL WIND-CORRECTED SPRAY FLUXES AND LOG DATA 
**********TO FILES "DATE". FLX AND "DATE". Spy 

C 
WRITE (5,38)NWMO,NWDA,NWHR,NWMIN,COURSE,SPEED,WD,WS, 

*RWD,RWV,PR,DB,WB,WAVED,WAVEH,SWELLD,SWELLH, 
*LAT,LONG,WTEMP,WSALIN,A,B,C,D,E,F,G,H 

WRITE (8,38)NWMO,NWDA,NWHR,NWMIN,COURSE,SPEED,WD,WS, 
*RWD,RWV,PR,DB,WB,WAVED,WAVEH,SWELLD,SWELLH, 
*LAT,LONG,WTEMP,WSALIN,A,B,C,D,E,F 

38 FORMAT(4(lX,I2),6(lX,F7.2),/,F8.2,6(lX,F7.2), 
* / , 24X, 2 (lX, A9) ,2 (lX, F6. 1) , / , 8 (lX, F8 . 2) ) 

GO TO 23 
52 WRITE(5,39)NWMO,NWDA,NWHR,NWMIN,COURSE,SPEED,WD,WS, 

*PR,DB,WB,WAVED,WAVEH,SWELLD,SWELLH, 
*LAT,LONG,WTEMP,WSALIN,A,B,C,D,E,F,G,H 

WRITE(8,39)NWMO,NWDA,NWHR,NWMIN,COURSE,SPEED,WD,WS, 
*PR,DB,WB,WAVED,WAVEH,SWELLD,SWELLH, 
*LAT,LONG,WTEMP,WSALIN,A,B,C,D,E,F 

39 FORMAT(4(lX,I2),4(lX,F7.2),16X,/,F8.2,6(lX,F7.2), 
*/,' FLUX NOT WIND CORRECTED', 
* 2 (lX, A9) ,2 (lX, F6 . 1) , / ,8 (lX, F8 . 2) ) 

GO TO 23 
100 CLOSE (4) 

CLOSE (5) 
CLOSE (6) 
CLOSE (7) 
CLOSE (8) 
STOP 
END 
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**********SUBROUTINE RELATIVE  

C 
C*  * * * * * * * * * * * * * * * * * * * * * ***** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

C 
SUBROUTINE RELATIVE(VTW,TWIND,VS,SCRS,VA,DWA) 

C 
C COMPUTE RELATIVE WIND (FROM LCDR P. LONGO) 
C 
C VTW = TRUE WIND VELOCITY(KTS) 
C TWIND = DIRECTION OF TRUE WIND (ΑΖΙMUΤΗ DEGREES) 
C VS = SHIP SPEED (KTS) 
C SCRS = SHIP COURSE (AZIMUTH DEGREES) 
C VA = VELOCITY OF RELATIVE WIND (KTS) 
C DWA = DIRECTION OF RELATIVE WIND (AZIMUTH DEGREES) 
C 

RADD = 3.14159/180.0 

**********CALCULATE RECIPROCAL OF TRUE WIND DIRECTION  

TWINDR = TWIND+180.0 
IF(TWINDR.GT.360.0) TWINDR = TWINDR - 360.0 

**********CALCULATE X, Y COMPONENTS OF SHIP COURSE/SPEED  
	 VECTOR AND RECIPROCAL OF TRUE WIND VECTOR  

XTWR = VTW * SIN((TWINDR)*RADD) 
YTWR = VTW * COS((TWINDR)*RADD) 
XVS = VS*SIN((SCRS)*RADD) 
YVS = VS*COS((SCRS)*RADD) 

**********DETERMINE Χ, Y COMPONENTS OF APPARENT WIND VECTOR  

ΧΑ = XTWR - XVS 
ΥΑ = YTWR - YVS 

**********DETERMINE MAGNITUDE OF APPARENT WIND VECTOR 

 VA = SQRT((ΧΑ**2.0) + (ΥΑ**2.0)) 

**********TEST FOR SPECIAL CASES OF DIRECTION  

IF(YA.EQ.0.0.AND.XA.LT.0.0) DWA = 270.0 
IF(YA.EQ.0.0.AND.XA.LT.0.0) GO TO 51 
ΙΣ(YA.EQ.0.0.AND.XA.GT.0.0) DWA = 090.0 
ΙΣ(YA.EQ.0.0.AND.XA.GT.0.0) GO ΤΟ 51 
IF(YA.EQ.0.0.AND. ΧA.EQ.0.0) DWA = 000.0 
IF(YA.EQ.0.0.AND.XA.EQ.0.0) GO ΤΟ 51 

**********COMPUTE DIRECTION OF APPARENT WIND VECTOR  

DWA -  ATAN(XA/YA)*(1.0/RADD) 

	 SOLUTIONS IN SECOND OR THIRD QUADRANT  

IF(XA.LT.0.0.AND.YA.LT.0.0) DWA = DWA + 180.0 
IF(XA.GT.0.0.AND.YA.LT.0.0) DWA -  DWA + 180.0 

**********CONVERT WIND DIRECTION BY ADDING 180 DEGREES  
**********TO RESULTANT  

51 DWA = DWA + 180.0 

**********COMPUTE RECIPROCAL OF WIND VECTOR TO DETERMINE  
**********DIRECTION FROM WHICH WIND COMES  

IF(DWA.GT.360.0) DWA = DWA - 360.0 

**********ADJUST FOR SHIP COURSE  

DWA = DWA - SCRS 
IF(DWA.LT.0.0) DWA =  DNA  + 360.0 
RETURN 
END 

**^*** ιr**^****^******* ιt+t ** ιt ιt**^ir ι► ^* ιt**^** ιF**^* ιt^ ιt*** *f * ιt ιt ιt* ιt ιt^** ιt ιt  
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sample input and output files for WINDY.FOR 

**********FILE DATES.FIL LISTING DAYS TO BE ANALYZED 
06FEB 
07 FEB 
08FEB 
09FEB 
10FEB 
13ΕEB 
14FEB 
15FEB 
16FEB 
20FEB 
21FΕ B 
22FEB 
25FEB 
26FEB 
28FEB 
01MAR 
02ΜΑR 
03MAR  
04MAR 
06MAR 
07MAR 
O8MAR 
09ΜΑR 
10MAR 
14MAR 
15MAR 

**** ******FILE 	07FΕΒ. LOG 	OF 
FEBRUARY 1990  

SHIP LOG FROM (0045 - 	0115 UT) 

ϊ  0 	45  2.00 15.00 268.00 5.50 30.18 41.00  40.00  280.00  
4 . ( 280.00  15.00 41 	42.5 125 18.1 	-99.0 -99.0  

0 	46  2.00 15.00 268.00 5.50 30.18 41.00  40.00  280.00  
4.1; 280.00  15.00 41 	42.5 125 18.1 	-99.0 -99.0  

2 7 	0 	47  2.00 15.00 268.00 5.50 30.18 41.00  40.00  280.00  
4.00 280.00  15.00 41 	42.5 125 18.1 	-99.0 -99.0  

2 7 	0 	4θ  2.00 15.00 268.00 5.50 30.18 41.00  40.00  280.00  
4.00 280.00  15.00 41 	42.5 125 18.1 	-99.0 -99.0  

2 7 	0 	49  2.00 15.00 268.00 5.50 30.18 41.00  40.00  280.00  
4.00 280.00  15.00 41 	42.5 125 18.1 	-99.0 -99.0  

2 7 	0 50  2.00 15.00 268.00 5.50 30.18 41.00  40.00  280.00  
4.00 280.00  15.00 41 	42.5 125 18.1 	-99.0 -99.0  

2 7 	0 51  2.00 15.00 268.00 5.50 30.18 41.00  40.00  280.00  
4.00 280.00  15.00 41 	42.5 125 18.1 	-99.0 -99.0  

2 7 	0 52  2.00 15.00 268.00 5.50 30.18 41.00  40.00  280.00  
4.00 280.00  15.00 41 	42.5 125 18.1 	-99.0 -99.0  

2 7 	0 	53  2.00 15.00 268.00 5.50 30.18 41.00  40.00  280.00  
4.00 280.00  15.00 41 	42.5 125 18.1 	-99.0 -99.0  

2 7 	0 54  2.00 15.00 268.00 5.50 30.18 41.00  40.00  280.00  
4.00 280.00  15.00 41 	42.5 125 18.1 	-99.0 -99.0  

2 7 	0 55  2.00 15.00 268.00 5.50 30.18 41.00  40.00  280.00  
4.00 280.00  15.00 41 	42.5 125 18.1 	-99.0 -99.0  

2 7 	0 	56  2.00 15.00 268.00 5.50 30.18 41.00  40.00  280.00  
4.00 280.00  15.00 41 	42.5 125 18.1 	-99.0 -99.0  

2 7 	0 	57  2.00 15.00 268.00 5.50 30.18 41.00  40.00  280.00  
4.00 280.00  15.00 41 	42.5 125 18.1 	-99.0 -99.0  

2 7 	0 58  2.00 15.00 268.00 5.50 30.18 41.00  40.00  280.00  
4.00 280.00  15.00 41 	42.5 125 18.1 	-99.0 -99.0  

2 7 	0 59  7.00 15.00 268.00 5.50 30.18 41.00  40.00  280.00  
4.00 280.00  7 	.00 41 	42.5 125 18.1 	-99.0 -99.0  

2 7 	1 	0  ί .00 15.00 262.00 8.00 30.16 42.00  40.00  280.00  
4.00 275.00  15.00 41 	58.3 125 00.4 	-99.0 -99.0  

2 7 	1 	1  2.00 15.00 262.00 8.00 30.16 42.00  40.00  280.00  
4.00 275.00  15.00 41 	58.3 125 00.4 	-99.0 -99.0  

2 7 	1 	2  30.00 15.00 262.00 8.00 30.16 42.00  40.00  280.00  
4.00 275.00  15.00 41 	58.3 125 00.4 	-99.0 -99.0  

2 7 	1 	3  30.00 15.00 262.00 8.00 30.16 42.00  40.00  280.00  
4.00 275.00  15.00 41 	58.3 125 00.4 	-99.0 -99.0  

2 7 	1 	4  30.00 15.00 262.00 8.00 30.16 42.00  40.00  280.00  
4.00 275.00  15.00 41 	58.3 125 00.4 	-99.0 -99.0  

2 7 	1 	5  30.00 15.00 262.00 8.00 30.16 42.00  40.00  280.00  
4.00 275.00  15.00 41 	58.3 125 00.4 	-99.0 -99.0  

2 7 	1 	6  30.00 15.00 262.00 8.00 30.16 42.00  40.00  280.00  
4.00 275.00  15.00 41 	58.3 125 00.4 	-99.0 -99.0  

2 7 	1 	7  30.00 15.00 262.00 8.00 30.16 42.00  40.00  280.00  
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4.00 
2 

4.00 
2 

4.00 
2 

4.00 
2 

4.00 
2 

4.00 
2 

4.00 
2 

4.00 
2 

4.00 

275.00 
718 
275.00 

7 1 9 
275.00 

7 1 10 
275.00 

7 1 11 
275.00 

7 1 12 
275.00 

7 1 13 
275.00 

7 1 14 
275.00 

7 1 15 
275.00 

15.00 
30.00 
15.00 
30.00 
15.00 
30.00 
15.00 

0.00 
15.00 

0.00 
15.00 

0.00 
15.00 

0.00 
15.00 

0.00 
15.00 

41 58.3 125 00.4 -99.0 -99.0 
15.00 262.00 8.00 30.16 
41 58.3 125 00.4 -99.0 -99.0 
15.00 262.00 8.00 30.16 
41 58.3 125 00.4 -99.0 -99.0 
15.00 262.00 8.00 30.16 
41 58.3 125 00.4 -99.0 -99.0 
15.00 262.00 8.00 30.16 
41 58.3 125 00.4 -99.0 -99.0 
15.00 262.00 8.00 30.16 
41 58.3 125 00.4 -99.0 -99.0 
15.00 262.00 8.00 30.16 
41 58.3 125 00.4 -99.0 -99.0 
15.00 262.00 8.00 30.16 
41 58.3 125 00.4 -99.0 -99.0 
15.00 262.00 8.00 30.16 
41 58.3 125 00.4 -99.0 -99.0 

42.00 40.00 280.00 

42.00 40.00 280.00 

42.00 40.00 280.00 

42.00 40.00 280.00 

42.00 40.00 280.00 

42.00 40.00 280.00 

42.00 40.00 280.00 

42.00 40.00 280.00 

**********FILE 07FEB.SPY (0045 - 0115 UT) 7 FEBRUARY 1990 

2 7 
.0000 

2 7 
.0000 

2 7 
.0000 

2 7 
.0000 

2 7 
.0000 

2 7 
.0000 

2 7 
.0000 

2 7 
.0000 

2 7 
.0000 

2 7 
.0000 

2 7 
.0000 

2 7 
.0000 

2 7 
.0000 

2 7 
.0000 

2 7 
.0000 

2 7 
.0000 

2 7 
.0000 

2 7 
.0000 

2 7 
.0000 

2 7 
.0000 

2 7 
.0000 

2 7 
.0000 

2 7 
.0000 

2 7 
.0000 

2 7 
.0000 

2 7 
.0000 

2 7 
.0000 

2 7 
.0000 

2 7 
.0000 

o 45 
.0000 

o 46 
.0000 

o 47 
.0000 

o 48 
.0000 

o 49 
.0000 

o 50 
.0000 

o 51 
.0000 

o 52 
.0000 

o 53 
.0000 

o 54 
.0000 

o 55 
.0000 

o 56 
.0000 

o 57 
.0000 

o 58 
.0000 

o 59 
.0000 

1 0 
.0000 

1 
.0000 

1 2 
.0000 

1 3 
.0000 

1 4 
.0000 

1 5 
.0000 

1 6 
.0000 

1 7 
.0000 

1 8 
.0000 

9 
.0000 

1 10 
.0000 

1 11 
.0000 

1 12 
.0000 

1 13 
.0000 

.0000 
2925 

.0000 
2926 

.0000 
2927 

.0000 
2928 

.0000 
2929 

.0000 
2930 

.0000 
2931 

.0000 
2932 

.0000 
2933 

.0000 
2934 

.0000 
2935 

.0000 
2936 

.0000 
2937 

.0000 
2938 

.0000 
2939 

.0000 
2940 

.0000 
2941 

.0000 
2942 

.0000 
2943 

.0000 
2944 

.0000 
2945 

.0000 
2946 

.0000 
2947 

.0000 
2948 

.2957 
2949 

.0000 
2950 

.0000 
2951 

.0000 
2952 

.0000 
2953 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.1478 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.1478 

.0000 

.0000 

.0000 

.0000 

.0000 .0000 .0000 .0000 

.0000 .0000 .0000 .0000 

.0000 .0000 .0000 .0000 

.0000 .0000 .0000 .0000 

.0000 .0000 .0000 .0000 

.0000 .0000 .0000 .0000 

.0000 .0000 .0000 .0000 

.0000 .0000 .0000 .0000 

.0000 .0000 .0000 .0000 

.0000 .0000 .0000 .0000 

.0000 .0000 .0000 .0000 

.0000 .0000 .0000 .0000 

.0000 .0000 .0000 .0000 

.0000 .0000 .0000 .0000 

.0000 .0000 .0000 .0000 

.0000 .0000 .0000 .0000 

.0000 .0000 .0000 .0000 

.0000 .0000 .0000 .0000 

.0000 .0000 .0000 .0000 

.0000 .0000 .0000 .0000 

.0000 .0000 .0000 .0000 

.0000 .0000 .0000 .0000 

.0000 .0000 .0000 .0000 

.0000 .0000 .0000 .0000 

.0000 .0000 .2957 .0000 

.0000 .0000 .0000 .0000 

.0000 .0000 .0000 .0000 

.0000 .0000 .0000 .0000 

.0000 .0000 .0000 .0000 
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2 7 1 14 .0000 .2957 .0000 .0000 .0000 .0000 
.0000 .0000 2954 

2 7 1 15 .0000 .0000 .0000 .0000 .0000 .0000 
.0000 .0000 2955 

**********FILE 07FEB.FLX FROM (0045 - 0115 UT) 7 FEBRUARY 1990 

2 7 0 45 2.00 15.00 268.00 5.50 339.43 15.61 
30.18 41.00 40.00 280.00 4.00 280.00 15.00 

41 42.5 125 18.1 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 .00 .00 

2 7 0 46 2.00 15.00 268.00 5.50 339.43 15.61 
30.18 41. 00 40.00 280.00 4.00 280.00 15.00 

41 42.5 125 18.1 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 .00 .00 

2 7 0 47 2.00 15.00 268.00 5.50 339.43 15.61 
30.18 41. 00 40.00 280.00 4.00 280.00 15.00 

41 42.5 125 18.1 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 .00 .00 

2 7 0 48 2.00 15.00 268.00 5.50 339.43 15.61 
30.18 41. 00 40.00 280.00 4.00 280.00 15.00 

41 42.5 125 18.1 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 .00 .00 

2 7 0 49 2.00 15.00 268.00 5.50 339.43 15.61 
30.18 41. 00 40.00 280.00 4.00 280.00 15.00 

41 42.5 125 18.1 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 .00 .00 

2 7 0 50 2.00 15.00 268.00 5.50 339.43 15.61 
30.18 41. 00 40.00 280.00 4.00 280.00 15.00 

41 42.5 125 18.1 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 .00 .00 

2 7 0 51 2.00 15.00 268.00 5.50 339.43 15.61 
30.18 41. 00 40.00 280.00 4.00 280.00 15.00 

41 42.5 125 18.1 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 .00 .00 

2 7 0 52 2.00 15.00 268.00 5.50 339.43 15.61 
30.18 41. 00 40.00 280.00 4.00 280.00 15.00 

41 42.5 125 18.1 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 .00 .00 

2 7 0 53 2.00 15.00 268.00 5.50 339.43 15.61 
30.18 41. 00 40.00 280.00 4.00 280.00 15.00 

41 42.5 125 18.1 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 .00 .00 

2 7 0 54 2.00 15.00 268.00 5.50 339.43 15.61 
30.18 41. 00 40.00 280.00 4.00 280.00 15.00 

41 42.5 125 18.1 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 .00 .00 

2 7 0 55 2.00 15.00 268.00 5.50 339.43 15.61 
30.18 41. 00 40.00 280.00 4.00 280.00 15.00 

41 42.5 125 18.1 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 .00 .00 

2 7 0 56 2.00 15.00 268.00 5.50 339.43 15.61 
30.18 41. 00 40.00 280.00 4.00 280.00 15.00 

41 42.5 125 18.1 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 .00 .00 

2 7 0 57 2.00 15.00 268.00 5.50 339.43 15.61 
30.18 41. 00 40.00 280.00 4.00 280.00 15.00 

41 42.5 125 18.1 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 .00 .00 

2 7 0 58 2.00 15.00 268.00 5.50 339.43 15.61 
30.18 41. 00 40.00 280.00 4.00 280.00 15.00 

41 42.5 125 18.1 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 .00 .00 

2 7 0 59 2.00 15.00 268.00 5.50 339.43 15.61 
30.18 41. 00 40.00 280.00 4.00 280.00 15.00 

41 42.5 125 18.1 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 .00 .00 

2 7 1 0 2.00 15.00 262.00 8.00 329.94 15.73 
30.16 42.00 40.00 280.00 4.00 275.00 15.00 

41 58.3 125 00.4 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 .00 .00 

2 7 1 1 2.00 15.00 262.00 8.00 329.94 15.73 
30.16 42.00 40.00 280.00 4.00 275.00 15.00 

41 58.3 125 00.4 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 .00 .00 

2 7 1 2 30.00 15.00 262.00 8.00 327.96 11. 88 
30.16 42.00 40.00 280.00 4.00 275.00 15.00 

41 58.3 125 00.4 -99.0 -99.0 
.00 .16 .00 .00 .00 .00 .00 .00 
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2 7 1 3 30.00 15.00 262.00 8.00 327.96 11. 88 
30.16 42.00 40.00 280.00 4.00 275.00 15.00 

41 58.3 125 00.4 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 .00 .00 

2 7 1 4 30.00 15.00 262.00 8.00 327.96 11.88 
30.16 42.00 40.00 280.00 4.00 275.00 15.00 

41 58.3 125 00.4 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 .00 .00 

2 7 1 5 30.00 15.00 262.00 8.00 327.96 11. 88 
30.16 42.00 40.00 280.00 4.00 275.00 15.00 

41 58.3 125 00.4 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 .00 .00 

2 7 1 6 30.00 15.00 262.00 8.00 327.96 11. 88 
30.16 42.00 40.00 280.00 4.00 275.00 15.00 

41 58.3 125 00.4 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 .00 .00 

2 7 1 7 30.00 15.00 262.00 8.00 327.96 11.88 
30.16 42.00 40.00 280.00 4.00 275.00 15.00 

41 58.3 125 00.4 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 .00 .00 

2 7 1 8 30.00 15.00 262.00 8.00 327.96 11. 88 
30.16 42.00 40.00 280.00 4.00 275.00 15.00 

41 58.3 125 00.4 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 .00 .00 

2 7 1 9 30.00 15.00 262.00 8.00 327.96 11.88 
30.16 42.00 40.00 280.00 4.00 275.00 15.00 

41 58.3 125 00.4 -99.0 -99.0 
.30 .16 .00 .00 .31 .00 .00 .00 

2 7 1 10 30.00 15.00 262.00 8.00 327.96 11.88 
30.16 42.00 40.00 280.00 4.00 275.00 15.00 

41 58.3 125 00.4 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 .00 .00 

2 7 1 11 1. 00 15.00 262.00 8.00 330.11 15.86 
30.16 42.00 40.00 280.00 4.00 275.00 15.00 

41 58.3 125 00.4 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 .00 .00 

2 7 1 12 1. 00 15.00 262.00 8.00 330.11 15.86 
30.16 42.00 40.00 280.00 4.00 275.00 15.00 

41 58.3 125 00.4 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 .00 .00 

2 7 1 13 1. 00 15.00 262.00 8.00 330.11 15.86 
30.16 42.00 40.00 280.00 4.00 275.00 15.00 

41 58.3 125 00.4 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 .00 .00 

2 7 1 14 1. 00 15.00 262.00 8.00 330.11 15.86 
30.16 42.00 40.00 280.00 4.00 275.00 15.00 

41 58.3 125 00.4 -99.0 -99.0 
.00 .33 .00 .00 .00 .00 .00 .00 

2 7 1 15 1. 00 15.00 262.00 8.00 330.11 15.86 
30.16 42.00 40.00 280.00 4.00 275.00 15.00 

41 58.3 125 00.4 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 .00 .00 

**********FILE 07FEB.ALB FROM (0045 - 0115 UT) 7 FEBRUARY 1990 

2 7 0 45 2.00 15.00 268.00 5.50 339.43 15.61 
30.18 41. 00 40.00 280.00 4.00 280.00 15.00 

41 42.5 125 18.1 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 

2 7 0 46 2.00 15.00 268.00 5.50 339.43 15.61 
30.18 41. 00 40.00 280.00 4.00 280.00 15.00 

41 42.5 125 18.1 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 

2 7 0 47 2.00 15.00 268.00 5.50 339.43 15.61 
30.18 41.00 40.00 280.00 4.00 280.00 15.00 

41 42.5 125 18.1 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 

2 7 0 48 2.00 15.00 268.00 5.50 339.43 15.61 
30.18 41. 00 40.00 280.00 4.00 280.00 15.00 

41 42.5 125 18.1 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 

2 7 0 49 2.00 15.00 268.00 5.50 339.43 15.61 
30.18 41. 00 40.00 280.00 4.00 280.00 15.00 

41 42.5 125 18.1 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 

2 7 0 50 2.00 15.00 268.00 5.50 339.43 15.61 
30.18 41. 00 40.00 280.00 4.00 280.00 15.00 
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41 42.5 125 18.1 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 

2 7 0 51 2.00 15.00 268.00 5.50 339.43 15.61 
30.18 41.00 40.00 280.00 4.00 280.00 15.00 

41 42.5 125 18.1 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 

2 7 0 52 2.00 15.00 268.00 5.50 339.43 15.61 
30.18 41.00 40.00 280.00 4.00 280.00 15.00 

41 42.5 125 18.1 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 

2 7 0 53 2.00 15.00 268.00 5.50 339.43 15.61 
30.18 41.00 40.00 280.00 4.00 280.00 15.00 

41 42.5 125 18.1 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 

2 7 0 54 
30.18 41.00 

2.00 15.00 268.00 5.50 339.43 15.61 
40.00 280.00 4.00 280.00 15.00 

41 42.5 125 18.1 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 

2 7 0 55 2.00 15.00 268.00 5.50 339.43 15.61 
30.18 41.00 40.00 280.00 4.00 280.00 15.00 

41 42.5 125 18.1 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 

2 7 0 56 2.00 15.00 268.00 5.50 339.43 15.61 
30.1841.00 40.00 280.00 4.00 280.00 15.00 

41 42.5 125 18.1 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 

2 7 0 57 
30.18 41.00 

2.00 15.00 268.00 5.50 339.43 15.61 
40.00 280.00 4.00 280.00 15.00 

41 42.5 125 18.1 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 

2 7 0 58 2.00 15.00 268.00 5.50 339.43 15.61 
30.18 41.00 40.00 280.00 4.00 280.00 15.00 

41 42.5 125 18.1 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 

2 7 0 59 2.00 15.00 268.00 5.50 339.43 15.61 
30.18 41.00 40.00 280.00 4.00 280.00 15.00 

41 42.5 125 18.1 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 

2 7 1 0 2.00 15.00 262.00 8.00 329.94 15.73 
30.16 42.00 40.00 280.00 4.00 275.00 15.00 

.00 
271 

30.16 

.00 

41 58.3 125 00.4 -99.0 -99.0 
.00 .00 .00 .00 .00 

1 
42.00 

2.00 15.00 262.00 8.00 329.94 15.73 
40.00 280.00 4.00 275.00 15.00 

41 58.3 125 00.4 -99.0 -99.0 
.00 .00 .00 .00 .00 

2 7 1 2 30.00 15.00 262.00 8.00 327.96 11.88 
30.16 42.00 40.00 280.00 4.00 275.00 15.00 

41 58.3 125 00.4 -99.0 -99.0 
.00 .16 .00 .00 .00 .00 

2 7 1 3 30.00 15.00 262.00 8.00 327.96 11.88 
30.16 42.00 40.00 280.00 4.00 275.00 15.00 

41 58.3 125 00.4 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 

2 7 1 4 30.00 15.00 262.00 8.00 327.96 11.88 
30.16 42.00 40.00 280.00 4.00 275.00 15.00 

41 58.3 125 00.4 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 

2 7 1 5 30.00 15.00 262.00 8.00 327.96 11.88 
30.16 42.00 40.00 280.00 4.00 275.00 15.00 

41 58.3 125 00.4 -99.0 -99.0 
.00 .00 .00 .00 .00 .00 

2 7 1 6 30.00 15.00 262.00 8.00 327.96 11.88 
30.16 42.00 40.00 280.00 4.00 275.00 15.00 

.00 
2 7 

30.16 

.00 

41 58.3 125 00.4 -99.0 -99.0 
.00 .00 .00 .00 .00 

7 30.00 15.00 262.00 8.00 327.96 11.88 
42.00 40.00 280.00 4.00 275.00 15.00 

41 58.3 125 00.4 -99.0 -99.0 
.00 .00 .00 .00 .00 

2 7 1 8 30.00 15.00 262.00 8.00 327.96 11.88 
30.16 42.00 40.00 280.00 4.00 275.00 15.00 

.00 
2 7 
30.16 

.30 

41 58.3 125 00.4 -99.0 -99.0 
.00 .00 .00 .00 .00 

9 30.00 15.00 262.00 8.00 327.96 11.88 
42.00 40.00 280.00 4.00 275.00 15.00 

41 58.3 125 00.4 -99.0 -99.0 
.00 .00 .31 .00 

2 7 1 10 
.16 
30.00 15.00 262.00 8.00 327.96 11.88 
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30.16 42.00 40.00 280.00 4.00 275.00 15.00 
41 58.3 125 00.4 -99.0 -99.0 

.00 .00 .00 .00 .00 .00 
2 7 1 11 1.00 15.00 262.00 8.00 330.11 15.86 

30.16 42.00 40.00 280.00 4.00 275.00 15.00 
41 58.3 125 00.4 -99.0 -99.0 

.00 .00 .00 .00 .00 .00 
2 7 1 12 1.00 15.00 262.00 8.00 330.11 15.86 

30.16 42.00 40.00 280.00 4.00 275.00 15.00 
41 58.3 125 00.4 -99.0 -99.0 

.00 .00 .00 .00 .00 .00 
2 7 1 13 1.00 15.00 262.00 8.00 330.11 15.86 

30.16 42.00 40.00 280.00 4.00 275.00 15.00 
41 58.3 125 00.4 -99.0 -99.0 

.00 .00 .00 .00 .00 .00 
2 7 1 14 1.00 15.00 262.00 8.00 330.11 15.86 

30.16 42.00 40.00 280.00 4.00 275.00 15.00 
41 58.3 125 00.4 -99.0 -99.0 

.00 .33 .00 .00 .00 .00 
2 7 1 15 1.00 15.00 262.00 8.00 330.11 15.86 

30.16 42.00 40.00 280.00 4.00 275.00 15.00 
41 58.3 125 00.4 -99.0 -99.0 

.00 .00 .00 .00 .00 .00 

WINDY FOR PROGRAM MODIFICATION FOR ANOTHER SHIP; 

FLOWCHART STEP - INITIALIZE VARIABLES: 

Change only CHARACTER*ll if the file name represented by IRAMD 
changes in length. 

FLOWCHART STEP - READ DATES TO ANALYZE FROM DATES.FIL: 

Change the dates listed in DATES.FIL to reflect the current 
cruise. Dates are listed, on to each line, with a space, a 2 
integer day, and a three letter month. 

FLOWCHART STEP - OPEN FILES: 

Change file extensions to suit. Remove D: if files are not 
copied to RAM disk drive "D" in following step. 

FLOWCHART STEP - COpy "DATE".SPY TO RAM DISK FOR FASTER 
PROCESSING: 

"DATE".SPY must be searched repeatedly for data to match the log 
in time. Copying the file to RAM disk on a personal computer 
speeds processing. Comment out all lines if RAM disk is not used. 

FLOWCHART STEP - READ MINUTE OF LOG DATA FROM FILE "DATE".DAY: 

No changes. 

FLOWCHART STEP - SCAN "DATE". SPY FOR MINUTE OF SPRAY DATA TO MATCH 
CURRENT MINUTE OF LOG DATA: 

In READ statement 31, and FORMAT statement 2, the number of 
spray collectors should be changed if 6 were not used (A through 
F). Change 6(F10.4) in the FORMAT statement to reflect the number 
of spray collectors in the read statement. 

FLOWCHART STEP - WERE SPRAY DATA FOUND TO MATCH LOG DATA? 

No changes. 
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FLOWCHART STEP - IF SPRAY DATA MISSING, WRITE LOG DATA WITH SPRAY 
AS MISSING VALUES - 9999.0. 

Change FORMAT statement 1 to reflect the number of spray 
collectors by changing the number of 9999.0 s. The WRITE 
statement does not require changing. 

FLOWCHART STEP - CHECK IF SUFFICIENT DATA TO COMPUTE RELATIVE 
WIND: 

No changes except to WRITE statement. If relative wind cannot 
be computed the ship log and uncorrected spray fluxes are written 
with the message 'FLUX NOT WIND CORRECTED.' Change the number of 
spray collectors if other than 6 (A-F) and the FORMAT statement at 
6(lX,F8.2) . 

FLOWCHART STEP - SUBROUTINE RELATIVE: 

No changes necessary if ANSI FORTRAN 77 is used. 

FLOWCHART STEP - COMPUTE RELATIVE WIND DIRECTION RELATIVE TO EACH 
OFF-AXIS HORIZONTAL SPRAY COLLECTOR ACCORDING TO ITS ORIENTATION: 

The following statements must be changed. For horizontal spray 
collectors off axis to starboard only, each collector requires the 
following two statements: 

IF(RWD.LE.180.0) RWD2LS = ABS(RWD - ANGLE) 
IF(RWD.GT.180.0.AND.RWD.LE.360) 

*RWD2LS = ABS((360.0 - RWD) + ANGLE) 

where ANGLE is the angle between the ship's longitudinal axis and 
the spray collector axis orientation to starboard. 

For horizontal spray collectors off axis to port only, each 
collector requires the following two statements: 

IF(RWD.LE.180.0) RWD2LS = ABS(RWD + ANGLE) 
IF(RWD.GT.180.0.AND.RWD.LE.360) 

*RWD2LS = ABS((360.0 - RWD) - ANGLE) 

where ANGLE is the angle between the ship's longitudinal axis and 
the spray collector axis orientation to port. 

FLOWCHART STEP - COMPUTE RELATIVE WIND SPEED FOR ALL HORIZONTAL 
SPRAY COLLECTORS: 

The following two statements are necessary for each horizontal 
spray collector: 

IF(RWD2LP.GT.90.0) RWD2LP = 90.0 
RWV2LP = RWV * COS (RWD2LP*RADD) 

where RWD2LP is the relative wind direction at the 02 level, port 
side, and Rwv2LP is the relative wind velocity at the 02 level, 
port side. RWD2LP and RWV2LP changes in name for each collector 
location. 

FLOWCHART STEP - COMPUTE COLLECTION EFFICIENCY AT HORIZONTAL SPRAY 
COLLECTOR: 

The following pair of statements are needed for each horizontal 
collector: 

IF(RWVMDS.GT.6.5) EFFMDS = 0.01 * (98.5 -
* ( ( ( 1 . 854 * RWVMDS) - 12.0) * O. 4545) ) 

where RWV is Relative Wind Velocity at MDS, Main Deck Starboard. 
Change variable names to suit. 
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FLOWCHART STEP - COMPUTE CORRECTED SPRAY FLUX FOR EACH HORIZONTAL 
COLLECTOR: 

The following statement is needed for each horizontal collector: 

IF(A.LT.9000.0) A = A * (l.O/EFFMDS) 

where A is the main deck starboard spray collector, and EFFMDS is 
Efficiency at the Main Deck Starboard horizontal collector. 
Change variable names to suit. 

FLOWCHART STEP - WRITE ALL WIND-CORRECTED SPRAY FLUXES AND LOG 
DATA TO FILES "DATE".FLX AND "DATE".ALB: 

No changes except to WRITE statements. Change the number of 
spray collectors if other than 6 (A-F) and the FORMAT statements 
at 6(lX,F8.2). 
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