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A tidal-poi~’eredcompositing ~,rater

to operate over a \$iderange of tides.

ion:.periods \tithout attention and can

sampler lL.asbeen desi:ncd

It can swnplc \;ater ol~er

be constructed from in-

expensive hard~vare components and 2 check valves. The \uorking

principle of the sampler is to use the reduction of pressure by

the falling tide and the stored pressure from the previous high

tide to pump \uater into a collection bottle. The sampler is

capable of producing a constant volume of \\Iatcrper tidal c>rcle

over a tide range of 2 to 4 m.
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-_\Vatcrs:lmplersdesigned fur collecting co:~pos.itcdsamples

in remote locations have depended on an external so~]rceof poi~’er

such as compressed gas or electrical cJIeTgy. C~YG and a?tention

have been necessary to prevent corrosion of co~poncnts and

battery discharge in these samplers. ,{compositj.n~ Vlatcr Sompler

has been developed at Savannah River Laboratory \tihichis po~ircred

by the tides and constructed from inexpensive compol:cnts. Yet

it samples for long periods ~~’ithoutatte~ltion. This sampler is

intended for use ~~lherethe parameters to be measured are cOIl–

servatix’c, the ~’ater samples do not require special treatment.,

such as cooling, and composite srtimplesare needed. The ~,ater

sample is collected during the rising tide a~,ddeposited du]-in:

the falling tide.

The ~vorking principle of this sampler is to use the reduction

of pressure by the falling tide and the stored pressure froli] the

previous high tide to pump i{ater into a sample chamber aIIdulti-
.

mately to a collection bottle (Figure 1).

E~’enthough the ~~orl{ingprinciple is fzirly straightforl(ard,

it v:as found that seven variables affect the voiumc of l%~tcr

pumped: the tide ranges (2111and ZLO); the diameters of th’e

suction tube (DS), booster tube (ET), delivery tube (IIB);the

heights of tl~cbooster tube (2BT01))and the s:~mpiecl~:~mbcr

(zs.-L~lP);and the volume of the sample chamber (SOLII).

The description of the operation of t]lesampler (Figure I)

\tiillbegin \\Titllthe sampler installed at the lo\\ltide. :\sthe
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tide -~isez, the suction tube fills j:itl~V::LQTup tc the hig]l

\~’atermark, exhausting air through the s:l:!lplechaml>erand hence

through the collection bottle. ~ltthe same time, the sfirl~:>le

check valve opens admitting }~’aterinto the delivery tuhc and

exhausting tl]eair from the delivery tube thro’u:~htl]ecollection

bottle. The air space in the booster tube is prcsz~rized by a

rise in the booster tube liquid lc}’el.

As the ~,raterrecedes, the

pressure in the sample chamber

the Ifatcr lel~el. The pressure

tube and the loiverpressure in

the \,’aterup the delivery tube

check val~res close and the

clecrezses because of a dr~p in

differential b~t7:i~~~the booster

the sample cha:a-aertb,cr:forces

and into the s,ample c}l:~mber.

The I,iaterfills the sample chamber LIp to the heig?lt of the

excess sample return tube in the sample cbmiber, and then the

overfloti drains back into the ocean. i\s the tide col:lesback in,

the next smmple enters through

pressure in the sample chamber

opens and the sample remaining

In this manner, a standard size sample is taken at eacl~tidal

cycle and the volume of the sample can be varied by changing the

height of the excess sa,ple return tube in the sample chwnber.

It ~~ouldbe difficult to evaluate all of the variables in-

volved in the design of this sample experimentally, so equations

~i’eredeveloped to describe the operation and a c!esign for the

sampler. The sampler \vasoptimi;ed for size, sample, volut]c,

2 ti,der:~~l:<e01- 1 . S5 to 3 . .35 m, arl[} use of 5“L:ind:lI.(J Si:c ;::a7:iL3T2
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and ~CIlpipe components. The p~:rpc,sck~t~:to [!c:i~n :1s3:-IT)]c

chalilhert!lzt}~’oulddeliver from 15 to 60 cc to the co]lcction

bottle per tid~l cycle, yet maxinize the \i:lterI)assing throush

the sample chamber to ensure a good sample. The Is to 60 CC

range ~~ouldbe determined by the height of thiesam!?lereturn

tube .

The m:~ximum tide height is the most critical pcrameter,

becaL!se it determines the height of the sample chc:nber and collec-

tion bottle. A t~ical tide range for .savannahj Gcor~ia, is

1.83 to 3.3 m. Since the high tide is less t5:In 12 ft (3.6 m),

the sample chamber should be located about 12 ft [3.6 m) abolre

lo~i’~,’aterto pret’ent access of sea 1~’aterinto it. The design

equations for the sam,ple indicate tilesystem is onl)’capable of

pumping to a height equal to tl~’icethe tide heigilt range. !-lence,

the sampler \\’illnot pump v~ater for titles less t!~an 1.SS m. In

the Savannah, Georgia, area, only 2°6of t?lctides are less t!l:ll~

1.S3 m, so little sample biasing is ex]]ected for time-inte2r:~tcd

~~ater samples.

Design equations ~~rereused to dcternine tlicdimensions of the

suction, booster, and clelivery tubes (Figure 1). Delivery tubes

that are small in diameter are more subject to pluggage, and lar~e

diameter tubes decrease the volume of ~rzter pumped. The suction

tube was long enough so that the bottom ~Jasal~:aysunder ~iotcrat

lo~titide. From the design analysis, a unit c~iameter increase

in the booster tube v:ouldpump about tt~iceas JiY~ch~r:]tcras
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the s-ameincrease in the suction tui>cdia:]letcr. T“nteffect of-

var)rin: the diameter of tl]esuction and booster tul~con the

amount of ~~~atcrpumped is sholvnin l~igurc2. A sample cijamber

of 310 m ~~asused because of construction convenience.

Prediction of the quantity of \<atcr t31<cI]by a tidal

s~mpler of given dimensions can be made from principles of

fluid mechanics. The represcntltion of the sampler for calcu-

lation is shoitinin Figure 3.

The follot;ing idealizations underlie the a]l~l~sis:

(1) .Airtemperature is constant over the tidal c!cle

(2) ,Ipparatus is sheltered frOi:l h~a~eGction

(3) Capillarity and othe~-surface tensicn effects i{it!lin

the apparatus are negligible.

Table 1 lists the equations governins the system.

.Although these equations may “be sol\Tcddirectly algebraically,

a trial and error approach u~as found to be less tedious and ]fiore

amenable to programming a Calculator or con~lL:ter.

These equations ensure that a planned sampler \(illt~or}:.

The relative diameters of the tubes, the sample space lrolume,

and the tide range are all interrelated, and all affect the volume

sampled per cycle. The design equztion predicted ;he press~rcs,

wa?er heights, and \iatervolumes in a small sampler about 1 m long

to \,’ithinmeasurement accuracy.

The design equations simulated a,sompler that did not have

an excess \(atcr supl)lyreturn tube. This I,7LSnecessary in orc!er



to estimate the amount of water to be p~~mped1>)”Var)”in: tllc

parameters that control water \Jolume. ‘1’hedesign ec]u~tions Iicl-e

verified b~rmaking up a small sampler <about 1 m long and T.easilring

\k’ater}~olume,water hei~htsj and pressure in tilesmall saI:)]Jlcr.

The design e(~uations predicted the experimental meas~lrcrnents.

Following construction, the samnlel-1,’:-\s~ested in T]lcSa\,:J71?)P]1

River estuary in an area protected from l:lrge~ca~’cs. The sam]~ler

\\”ashung from a piling and weighted on the bottom with 23 kg of

lead. The lead was necessary to prevent excessive swa~-ins of the

sampler due to fast tidal currents (Lip to 2 }:nots) in t!le

estuary. The sampler could ha~’ebeen rigidl~ nttached, but it

was easier to hang it. The sampler was left in for 22 da>-sor

56 tidal cycles, and the tide range durinj:this ]leriod was from

1.8 to 3m. Nine hundred and eight~’ cutti.ccentimeters of \iater

}~rerecollected during the 56 tidal cycles (an al~erage of 21 cc

per tidal c}-cle). This is within the limit of 24 cc set b> the

sample chamber. A slight reduction in l~o]ulnenliS]ltoccLlrif ~]le

currents caused excessive Sl$ayof the Sa!n]:,lcr.

The design of this tidal-powered sampler could be used in

other areas with similar tides or could be scaled up or down for

other locations depending on the locale. Since the water sample

is collected during the rising tide and deposited in the sample

bottle during the falling tide, some sampling bias may occur.

This sample bias would occur in areas where the constituent

concentration has a phase lead or lag ~riththe tide.
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TABLE 1. Fluid hlechanics Equations for System (Figure 3)

FIGURE 1. Tidal-powered water sampler. Design variables that

affect the volume of water sampled are indicated

with an asterisk.

FIGURE 2. The effect of varying the diameter of the booster or

suction tube on the amount OT water pumped. Sarn[j-ie

chamber volume - 310 ml; height of chamber above low

water - 3.6 m; tide range - 2.2 m; delivery tube

diameter - 0.63 cm.

FIGURE 3a. Variables for fluid mechanics equations (Table 1)

FIGURE 3b. Initial conditions and variables: First high tide

after installation

FIGURE 3c. Conditions and variables at low tide after sample

is collected

FIGURE 3. Model for Tidal Sampler Analysis
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FIGURE 1. Tidal-powered water sampler. Design variables that
affect the volume of water sampled are indicated with
an asterisk,
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FIGURE 2. The effect of varying the diameter of the booster or
suction tube on the amount of waler pumped. Sampl e
chamber volume - 310 ml; height of chamber above low
water - 3.6 m; tide range - 2.2 m; delivery tube
diameter - 0.63 cm.
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