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LIMITED PRODUCT WARRANTY

For a period of one year from the dale of shipment  §EA TERCH, DN, guaminbzes s
products o be free from defects in matenals and workmanship.  In the evenl @ product
mallunctions during thas pericd, the companees obligation is limited 1o repar of the defective
ilem &l owr faclory, of the defective ilem may be replaced al our option.  Repairs o
replacements under warmanty will be at rao cost 1o the cusiomer. This warmanty 15 void af, in our
opinion, the instnement has been damaged by scowdent, mishandled, aliered or repaired by the
customer. The customer should call for Retum Authorzation belore reuming the instrument
o the factory.  Instruments should be returned prepasd and carciully packed in the onginal
shipping container as the customer will be responsible for freight damage if the instument is
improperly packed. The customer will be charged a $100 mimmum plus shipping cosls il an
instrament 18 returmed for warmnty repar and no delect is foand by the (aciory.  Incidontal or
consciuential demages or el incumed a8 & result of prodoct mallumction are ms the
responsibelity ol SEA TECH, INC,

Biles

The trarsmissometer 15 shippod with the light aftepuator mounted on the ransmitcr
window end cap. Thes light attemsator is wsed o calibrate the wansmissometer expanded scale,
(see page 3, ransmissomeler clibration). This light aticnuator should be removed  Ielore
tranemisssmicier use, Toremove the light atenuotor slide it towards the opposite window anxd
then remave the "0° ang on the window end cap. Stow both the "0 ning and light allenuslos
in & gafe place 50 that they can be wed in the future for calibmtion of the expanded scale.
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I0 em TRANSMISSOMETER

The Sea Tech dusl mnge tonsmissomelor messures beam allenwsnce o beam
ransmitlance which is a well-delwed optscal parameter. The light inensity in a well-collimated
beaam of light decreases exponentially according Lo the rclationship

lr) = e

where Iir} is the light intensity at distance r from the source and ¢ is the beam aftenuation
coelficsent. I er=1, the light intensity will have decreased by Te. A tmnsmissometer tends 1o
be most accarate in the region where ¢ is on the order of 1fr. This occurs because al groatir
dislances, light inlensities are very low. At very short distances, er is chose o sero, making
measurement dillicull in cdlean water. To solve tis problem, sormally a transmissometer with
onc-meler path length is offered so that sensitivity 15 incressed making, it possible 0 measure
clean water environments

Instead of extending path length w0 achieve hugher sensitivity, this Irnsmissomeber
Incofporales a S5 ed scale. The expanded scale has one-meter path kength sensitivily
arsd 15 implemenied electronicall y rather than mechanically. The resull is a sgnificant reduction
in instrument size. Expanding the scale is acoomplished by muluplying emsmission by a
factor of lve and offsetting zero 10 8%, The expanded scale oulpul vollage 15 an analop
voaltage, (-5VDC w0 +5VDC) which is proportional 1o approximately 60 w0 100% light
lransmission in water. Zero output on this mnge is approximately BIFE hght tansmission.

A lransmission range of O to 100%, having 20 cm path lengih sensbivily 15 also provided.
Chtpat voltage on this scabe is also an analog vdlage (Mo SVDC) which is also proportionad o
0w 1009 light transmission in walcr,

Transmission range is remotely scleciable via the gain contreld line, 0 VDC sclocts the 8-
|00% ranpe and § VDO selects the 0 100% mnge.

Transmission is measured using a red, 660 nm modulased Light Emnung Dind: (LED),
and a synchronous silicoa light detector. The instrument is ool sensitive to ambicnt light, it 15
lemperature compensated, and bas cxcellent long term stability.

The red wavelength, 660 nm was chosen o eliminate atienuation due 1o dissolved humic
acids (the so-called “yellow matter® in water). The yellow matter absorbs light sirongly a
shorier wavelengths but this efMect can be ignored For wavelenpihs longer than 600 nm.  Using
this wavelength, a much betler comelation exists between light transmission and suspended
particulate matenal in the water column,

Optical design fealures a collimated LED imnsmiter with a beam divergence of | than
twelve millirdians, and a optical receiver having an acceplance anghe ol less than thiny
milliradians in water. This collimated optical design reduces transmission emor camsed by the
imclusion of scattered light.

The transmissometer is constructed using plastic materials minkmiEing comosion problems
in sea wader. The hardware used is stanless steel, To prevent comosion of the hardware be
sure 10 wash the instrument with fresh water after each deployment in salt water.  Also clean
and dry both tansmissometer windows 10 prevent the build up of deposils on the optical
windows, The deposits will be any organic o inOrEanic materials in the waler snd can be
extremsely difficult il not impossible lo remove from the window surfaces at a lsier date.

Depth capability is 2,000 meters. The ustrument is portable, casily deploved and has low
power requircments. [1is supplied with a buill-in mountng bracket. An inlereonneciing cable,
{one hall meter in length) 15 also supplied with the instrument 1o facilitle mcnEndi g and
checkout in the user's system,

Severl options and accessories are avadlable o enhance transmissometer perf ormance and
to inlcrface the instrument with computers, recorders, current melers, D's, etle.  For
-ta.uﬂvte, the smart optical sensor, SOS, 20 cm iansmissomeler has both analog and FS-232
digital outpats with two programmable input / output lines. Please contact Sea Tech for Marther
information regarding these options and accessonics.
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Figure 1 Outline Drawing, 20 cm Transmissometer, 2000 m
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20 cm Transmissomeler Specifications

Hicm

S mim

Whater Path Length

Hoamy Lamcic

I'ransmnibed Beam Collimabon, (in waler) < 12 mulhrad iz
Beogiver Acceplance Angle, (in waler) = 300 mi | lisdiznes

[aght Source, Wavelength, FWHAM LED, &5 mw. 25 nin

IR A MSAILSSI0M Kanpge (1n waler} - 1EEFE, B- M
Acouracy 1%
Laneanty 115

'I'l,'rrl.|'-:-|:|l||n' Stalaliry = R 5.0, (Ie30° L)

POWER SLIFPLY : Voltage T 15 VDT
Cusrent = 201 mA

THMAEN SO S Lanpth Sh ART Oh S em
Width 150" 3,81 em
Heipgha 27507, 6,945 cm

WEIGHT: In Auir IB1 LA, 1.73 kg
In Woaker 176 LB, (LB} kg

DEFTH CAPABILITY:

2 KD rwebers



20 cm TRANSMISSOMETER OPERATION
Wiring lnsiruciions:
The power source should be between 7 and 15 VIC, pominally 12 VI, The wiring diagram,
see Fgure 2 shows tmnsmissometer connector winng, Observe pedaniy Whed Corhibe fing the
power supply o the ransmssomelsn,  connect positive & pin 2 and negatve o pin 1, The

"Clll'l'lill cabpan "al"-l-l-\.'IE'i'." 15 20 fun 4 and mn gis }.|E||J_' J_.'r'\..‘.ll"ld. Min 3 18 ranpe conbrnl, SV on
thas P sels iransmissomecier rmnge e O D00 and 0- V00 sels the ranpe fo 850G ) (09

Figure 2 Transmissometer Connector Wiring
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|_|— FIM 4, Signad '|:|IJ|FIII|
FIM 5, .".lgn:ll Crroumnd

FEMALE CONNMECTOR, MC-ILSF

Mounting Instructions:

The: transmissometer botiom cover plose is extended al both ends 1o serve a5 a mounting
brackel and cable stain rediel support as shown in figure 1. The botom cover plale is pre-
drilled for two 14" mounting bolts spaced exacly 24.00" apart. Do nof use the flal head
sorews on Lhe boftom cover plate for mounting purposes.  When munting the instrumend,
miake sare that mo bending or twisting lorces ane applied (o the mounting bracket. These Tonoes
could miss align the ransmissometer and chanpe transmigssometer calibmtion. To avoid this
proflem, monilor the tmnsmissomeler ar Calbrstion "”“-'-"'l-'-'i' and make sure 1t does ool l'hilﬂﬂ'
when the instnement s instal led in the users sysiem,



AR CALIBRATIOM:

Perlorm this procedure before eich use of the onsmisomeics i mnsure dala accuracy,
Uhe values reconded during the Waler Calibrason are cuile stable but long wim stabiliy of the
light source and other paramcters are not, These instabilities can be comipensled for by
messuring the lollowing pammesers and using this data to re calibeate ransmissomeler oulput.

1} 5ot the range o 0- 1005, block the transznsscmeter light path and measure and recond the
e voltage output voltage, Vil 11 should be approximately 0000 VDC. =

2} Clean the windows with kimwipes and a solution of soap and water, When the windows
are clean, record the value of the tmansmissometer outpet voltage in air, Y Repeat this slep
@5 many Umes s neoessay 0 isure thal Vb is stable and st masi mum.

3) Setthe mnge wo 80-1007% and record the expanded scale outpul voltage in air, Ve-ard .,

4y The expanded scalc offsct vol lage, V-8 s obtained by partially blocking the Iyght beam
with the light aticnusior supplsed. Tum the screw inko the light beam unul the cutpul
valtage is near fero bul nod negative. Reoord the expanded scale offset vol tape, Ve-ouf |

3) With the light attcnuator in place and the expanded scale oulput voltage near 00 volls, set
the range 1o 0410096 and recond the offset voltage, Vs, b

Calibrafion, 0-100% Range;

The wavelength of the light source is 660 nm. AL this wavelength e maximum vadue for
light ransmassson, KT ina 20 ¢m path lenglh of pariicle free waler is 92 08%, (4,649 W)

Aguin, the value of the ar calibration voltage, (Vb) may change with time. Normally this
15 due v changes in LED light cutput, window transmission or instrument stabality, These
changes can be compensated for and will nod affect the accurscy of the tansmissomeler data if
the Mollowing comrections e applied:

Ve =(Va/¥hj « K « (Va-Velland T = 20 - Ve
Ve = Calibrated Output Vaoltage, (< 4,649 VDC, < 92 0R%: Transmission)

K= LO0K, Water Calibrastion Constant
Va =4.657 Transmission vodtape in Air, (Fecorded al Waler Calibration tme, L3/

V= Transmizeion voltage m Air, (Current Valse)
Vx = value (Transmissometer Cutpaet Voliage)
V=l ro (N Tset wath the transmissometer light path blocked, 0-100% Range

Caleulate %Tair = 20+ (Va'Vh) » K » (Vb-Vz)
Calibration, 80-100% Range:
The slope, (A) and offset, (B) Tor the 80- 1009 range are caloulpted as fallows:

%Tos = 20 = {(Va'Vb) = K » {Ves-Vz).

A = (% Tair - %Tos) ! (Ve-air - Ve-os)

B=%Tes - (A * Veos)
Light transmission, % T lor the 80- 100% mnge is then:
%T = Al* Ve + B]

Mote:  Calibration Data, SN-T 1022 Valucs in Blue are determined during Water
Calibration, Yalues in Red are determined prioe to cach use of the Transmisomeler,
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OPTICAL PROPERTIES 1IN WATER

The Sea Tech 200 cm pathlength transmissometer has been desgned to provide accurate (o
-sity measwements of Beam trarsmission and of the concentration of suspended matter m
optically pure water.

The: two basic processes that alter the underwater distribution of light are absorption
and scattering. Absorption is a change of light energy inte other forms of enargy whereas
scalbering entails a change in direction of the ght without loss of enengy

In a pure absorbing medium, the ks of light due to absorption na wellcolmated
beam of monochromatic light will be given by l{z)= Kole™3%, where "a” is the absorption
coefficient with units of m™ L Similarly, in 4 pure scattering medium, the light redirected
from a well-collimated bearn of monochromatic light will be given by Kzl = Kole B Z, where
"b" is the volume scattering coefficient with units of m- || Since attenuation ts defined as the
sum of absorption and scattering, we gel a + b = ¢, where "c” is the beam attenuation coefficient.

The Eght lost from a well-collimated monechromatie beam of hght in a scattenng and
absorbang medium (s thus given by {z) = [(o)e CZ, This can be rewritten as T{z=Hz)Mao) =
L2 where T{z) is the percent light transmitted over a distance, "z, I should be noted that
transmission is abways over 3 given distance, whereas the beam attenuation confficient, "c", is
mdependent of distance,  "c” is computed by -In{T)/z, where z is the pathlength of the
mstrameEnt,

The simple exponential relationship holds only if the light is monochromate.  The Sea
Tech transmissgmeter employs a bght emitting dicde (LED) light source with a wawelength of
G680 nm, which is in the red part of the spectrume This LED is nearly monochromatic.

A pearn attenuanon coefficent, *c", can be divided into three parts: 1) That due 1o water,
cwi £} that due to suspended particulate matter, cp; and 3) that due o dissobved rmaterals
[l'l"l'l}ﬁﬂ:p' humic acids or “yellos matter ), Cy. Henee, c=cipyt Cpe Ly Each of these components
has ditinct spectral chamctenistics.  Yellow matter absorbs strongly in the blee part of the
spectrum, This absorption decreases axponentially with increasing wavelengths, The beam
attenuation coefficient for particulate matter is much less wavelength dependent. It waries
approvimately as * 1. The attenuation spectrum of natural waters is a compasite of the three
components, depending on the relative concentrations, The yellw matter 5 8 by-product of
organic decay and can be present in large smounts in lakes, reservoirs, and near-shore waters,
At G0 nm, the attenuation of yellow matter is negligible, however, so that the attenuation is
due to particulate matter and sea water only.



INTERRELATION OF OPTICAL PARAMETERS AMD PARTICULATE PROPERTIES

The hght scattesing characteristios of & single particle depend on s shape, size, and
nternal index of refracuon distribution. A typical collection consists of particles of many
sizes, shapes and indices of refraction. These parsmeters, as well as the particle concentration,
vary from location to location. It is thus to be expected that the relation between optical and
PRArtIchE paramelers varies also,

Fortunately, the nature of suspended matter does not change much in & well-defined
regeon, 50 that optical devices are wseful for the determination of particle concentrations.  In
each rogion, however, the optical device must be separately calfeated sgainst particle
concentration. (T the Oregon coast, for example, Peterson [197 7] found different slopes Tor
the correlation of suspended rmass and light transmission  in the swface zone and near the
el T,

The correlation between particle concantration and beam attermstion is linear, &5 will

I showm bedow.
A given type of particulate matter has a given beam attenuation coefficent Cp* per unit

wolire For 3 given wavelangth, For N partcles per unit volume the attenuation coefficient s
Nep®. The total attenuation coafficient must. also include water, oy and since the wavelength =
in the: red wa can ignore yellow matter, gy so

E = iyt Hnr_-,‘

The attenuation of & well-colimated beam of light is then:
I{Z)/Mo)= @ 7 we | owtNep*)z
Hz)Al(o) = e “wZe-Mcp®z

e “w? is a constant for & given instrurment at a given wavelength, so we set it equal to Ty, We
thaen gt
I{z) /o) =TyeMNep'z

and taking the logarithem:
La[l{z)/M{e)]=Ln{ Tw)-Nep*z



Snce Wz)Aa) ks the transmession and LniTw) is & constant (et it Ky} and cp*z is also a

COnStant (et it k2], we then get:
Ln Transmission = K1-ME;

The: lagarithr of the transmission is thus linearly proportional to the particulate concentration,
TRANSMISSOMETER ACCURACY

Accuracy of the transméssometer measwrements are mainly controlled by particke
concentration, instriment pathlength, and instrement calibration. Wa have sesn that T(z) = &
. IF cz is large, T(z) is small and problems will be encountered with signal-to-noise ratio.
When cz is small, T(z) is large and accuracy i fimited by the stability and calibration of the
instrument. For these reasons the instrument is most acourate when the magnitude of cz is such
that T{z) falls somewhere between 30% and 1 %, In twbid water valid measurernents can
readily be made at much lowier light levels than 1% [photodiodes are linear over soveral orders
of magnitude), but then the instrument rapdly becomes insensitive to changes in partiche
ConCEniraton when light transmission decreases below 1% In clean water (%7 > 9383,
where =mall changes in transmission must be measured, carefd  calibration of  the
transmissometer and high sccowacy recording equipment s required  These points are
dermonstrated by the data in Table 1.

Ihe HEBBELE calibration data from a field experiment in mid-Atlantic waters where
botoen nepheloid susponded particle data was obtained at a depth of 5,000 meters has been
oxpanded in Table | Thes data demonstrates the responss that can be expected from the 5, 10, 20
ad 100 cm transmissometers over a wide range of partculate suspensions. Since we are
interested onby in the beam attenuation cosfficient dus to suspended partiches, Cp e atiemetion
coafficient for clean water, cw must be subtracted from the value of ¢ listed in Table 1, The
beam altemation cosfficient, cw for parnticle free water at 660 nm is 0,369 m~ 1, Tabde 1 then
shows that the ratio of partiodate beam  attenuation  coofficient tp, le-cw), to total
suspended mass, (T5M) for the HEBBLE data is approximately 1m- | /mg/l. This cormesponds to
fiekd valies (ep = 0.1m™1 for 100 pg/l) cbtained by Peterson [1977]. In the following
examples related to sensitivity and dynamic range, we will assume that cp = 1 m~ 1 for a totl
Sispended mass concentration of 1 mgs. The wser should be aware that this ratio of bearm
atberiation coelficient to total suspended mass must be determined experimentally snce it is a
function of particle size distribution, particle shape distribution, particle refractive index and
wavelength. To demonstrate this point, laboratory calibration data has been included in Table 1
for Diatomaceous earth since this material is commonly used to calibrate optical Instrurments
that measure turbidity.



TABLE 1, CALIBRATION [ TA FROM A LABORATORY AND FIFLD EXPERIMENT

HEBBLE PROJECT
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When the commelavon between the beam atteretion coefficlent and suspended mass cannot
b determined experimentally as in Tabde 7, then a calbration disgram of specific beam
attenuation developed by Spinrad will be useful  With a poon estimates of the shape of the
partick sirpe distribution and particle composition (Le., refractive index and density] it is
possible to predict the ratio of beam attenuation cocfficient to suspendad mass.  Hefer to,
Spinead, R. W. (1986), use of the specific beam attenuation coefficient for identification of
suspended particwate material, Ocean Optics VIN, 5PE Prec, 637, 135-140).
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TEANSMISSOMETER  SEMSITIVITY

The sensitivity of the 20 cm trarsmissometer to changes in suspendad mass for both
clean and turbid water conditions is shown in the following examples, For these examplos it
will be smsumied that the smallest change in transrmission that can be measured by the uses
equipment is 0.1%. it should be noted here that the transmissometer notse level is
approximately 0.01% so with a high resolution data acquisition SYSTEIT MONE FreCise
measurements are passible than given in these examples.

CLEAN WATER EXAMPLE - In clean water, the change In the beam attenuation
coeffickent, Ac for a 0.1% change in transmission is:

ac = 5 In(.9288) - 5 nd 9298) = 0.005 m~ !
Since we assumed the specific beam attemmtion for these examgles would be 1 m 1/mgal ther:
CLEAN WATER SENSITRVITY = (0.005 m™ V)41 me Vimg/l) = 0.005 mg/

Sovin chean water an increase of 0.005 mgl in Spended mass results in a decregee of
0.1% in transmission for 8 20 cm pathlength.

TURBID WATER EXAMPLE - In virtid water, the change in the beam atlermstion
coefficient, Ac for & 0.1% change in transmission is:

Ac = 5 In{ 009) - 5 (.01} = 05 m- 1
Snce we srsumed the specific beam attenuation for thess mramplas would ba 1 m" 1:'mgu'| then:
TURBID WATER SENSITIITY = (0.5 m™ 11701 m* Vimgdl) = 0.5 mga

30 in turbid water an increase of 0.5 mg/] in suspended mass results in a docreass of
0.1% in ransmission for & 20 em pathlength,



CALIBRATION

Calibration of the transmissometer at the factory includes alignment, temperature
compensation, and determination of the water calibration constant, K corresponding 1o 92 98%
transmission in optically pure particle free water,

Alignmeent in air is achieved by first collimating the hght sowce, The transmitted beam
is then centered on the receiver lens and the detector is aligned 1o obvtain maximum oatpt. The
transmissometer is imstalled in 2 temperature control chamber where temperature s cycled
batwaan ) degrees and 25 degrees centigresde, Temperature compensation circyitry is adjusted
Lo termpenalure compenste the transmissometer o that the signal outpat in sir vanes less than
4 of = [L1% over the temperature range of 0 to 25 degrees centigrade.

After the transmissomeoter has been aligned and temperature  compenssabed, the
transmissomaner voltage oulpul in air = recorded and then it is immersed in optically pure
particle free water. The transmission of this water is 69.5% as measwed by a Tm beam
transmissometer. We then convert from transmission readings on the Tm transmissometer,
T{1m), to readings on the 20 cm trensmessometer, T(O0.20m).  Since: T{1m) = «C
c=LnT{1m); and hence: T(0.20m) = e{0-200LnT{Im}  Thercfore, a reading of 69.5%
trafsmission on the 1m besm transmissometer is comesponds o 92 98% transmission for the
20 cm transmessometer,

With the instrument in water a5 described abowve, the transmissometer valtage on both
the O-100% and BO-100% range is recorded.  The unit is then removed from water and the
voltage resding in air is again recorded.  This procedure |5 repeated 1o make sure all recorded
values are stable and at & mazimurm.

The calibration of amy optical irstrument in terms of wolurse or welght of suspeansed
matter must be done ezperimentally. The attenuation properties of a collection of particles
depends on their size, shape, and index of refraction structwre.  The redationship between
olrserved allenualion and particle volume of weight thues changes somewhat as the location of the
chservation changes. Mevertholess, it has been shown that the comelation coefficient bebween
attemetion and suspended volume is 80 o 95 in the surface layer and 90 to V98 below the
thermaocline, The high corredation indicates that the particke properties do not ciange a great
deal in distances of about 50 miles of in perods of wesks, The exceptions are actve
phytoplankton blooms, in this case the correlation can ba as kew as 0.70,

DATA INTERPRETATIOMN:

Converson of the ransmassometer data from ST o, the beam sticnuation eoclTicient for

a 2 om ransmissomeler i5:
¢ = -5 [n(t), where t = ST/100

Mote:  (cp=c-cw) To obimn cp, attcnuation due o pariicalale matler only, sublmel ow = 0,364,
atlenuation of pure waler from the messured beam stiemation cocfTiciend, o



NOTES ON INTERFACING THE TRANSMISSOMETER TO YOUR SYSTEM

High resclution measurements can be oblained with the ransmissomeier il your daia
scquisition syslem has a low nose analog 1o digial converier (ADC),  Most ADCs used 10
systems are designed (o0 make measurements mpidly.  Acquinng data with these converlers can
present problems with nosy dala. Two solutions Tor ths probem normally implemented ane ks
il the sensor oulpul or averge soverl dala samples.  Another solution would be 1o use an
ivlcgrating converler,  From a low noise sandpoint s approach @5 much mone acoeplshle,
eapocially if the integration time is 16.6 milliscconds so that interference from G0 eyvele line power
i7 caneched. Drta can be obtened from the ransmissomeler with betler than 14 BE resalution,
D06, using an infegrating convertes withow! Tiltering or averaging the data. Meedless to say the
intcgraling converier s recommended for reconding trnsmassomeler data,

Accuracy of the ADC must be considered alen. 12 it accuracy 15 nosmally quated by the
manulacturers of recording equipment but this is nommally Tor an input of +0- 10 VDC. The cutput
of the transmissometer s 0253 VDC, Using this converier for measuning the ansmissomeler
outpul would resultin 10 bit, 0.1% accuracy since only 174 of the mange of the converler is being
used. To solve this problem a converter should be chosen that has a (-5 ¥ DC input for (ull sale
oulpul. Accurscy of the converier is mainly controlled by the emperatune siabdlity of its referene:
iind, simde Emperaline can vary over a large mnge, (the bot deck of & shep w pear frm:."mg M Erclic
walersh particular altention o the relerence element used o the AT is cssciiial o oblain high
securacy eoonding of ransmassometer dals

Regponse ome {or tme constand) of the mpzmisomeiss 2 (0] second The inslrumen
reguires ot least 3 seconds warm up Ume before the cutput data can be considered valid.  The
transmisgomeler has been emperature compensated over the range of O w0 25 degrees cenliprads,
but some hysteresis beiween up and down cast can be expected il the instrument is ot on the deck
of a ship and then immersed i cold water,  To avoid this problem the ransmissometer can be
cooded on deck with rumning waler or allowed bo stabilize at the suface of the water belore o casi is
made.

Accurale data acquisition with the transmissometer can only be accomplished il strict atiention
1= paid 1o the procedures outlined on page 5, the transmissomeler opersing, instructions, e clean
the windows before each deployment and pay frequent attention to the air calibration.



