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ABSTRACT

The Calcium Activity Electrode wes used to study the ebb stage
circulation in a coastal plain estuary. Moss Landing estuary receives
a large amount of calcium waste from the manufacture of magnesia brick
at Lo Kaiser Refrictory piant located adjacent to one of the tribu-
taries of the estuary. One hundrec and eighty-nine water samples were
collected and analysed to provide calcium distribution data at the
conf luence of three tributaries in tiie estusry. A continuity model
is duscribed that Jetermines the surface lsyer circulation pattern in
the confluence ares using the calcium data, The circulation pattern
determined by electrode is in good agreement with supporting informa-

tion provided by current and dye studins in the confluence aree.,
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e {NTRODUCTION

* "mical analysis has previously heen used to trace cCocnh water
masses; .o example, by tracing phosphate rich water {Sverdrup, 1342},
However , while chemical technigques have neen suitable for vhe large
scale sluggish movements, they have been toy laborfous am inzeprsitive
to apply to the study of detail circulation. The prolonged lsbwatory
techniggses of most chemical analyses make the analysis of & significant
numbrr cf samples prohititive, Hodarn slectrode tecinigues offer a
rapid and seasitive measurement o many eleimnts, ond therefore hawa
pctential appliication in chemical tracer studies,

The purpose of this paper is 1o present an es/aluation of the
Calcium Activity Electrode as «n effective [ striment 1 studying 3
detailed circuiation.

The specific prob.em seleciec for study, with the aid &f lectrode
znalysis, was a description of the ebb tide surface nirculation pattern
at the confluence of several 7:ibutaries in the Moss wanding 2stuiry,

ifd ip
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Poss Landing, Catitarnic, Tio ~flectrode was
2

circulation pattern by tracing @ waicivnm pollursnt be.ng dischargsd into
one of the three t ibutaries, Figure 1 s an aerial phologranh of Beus
Largding showi.g the geographicsl relations>ip bDetween the pollutant
source, tiibytaries, miiing zons and estua y outiet, Figurs 7 is an

enlarged aer 5! photograph showing bourds of tre mixing zone, which :s
3 b - bl

the turning basin for the sme!l boat harbor. Tr Staries isbelnd &, 8
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One hundred and eighty nine wster samples, and supporting physical
oceanographic data were collected on four field trips, Formulating a
continuity mode! within the turning basin, we used the caicium distri-
buttm to dct-mim thc tivcunﬂcm. The re.ulting cirwt&'ian npttern
was supported by dyo ttudics taken on a suf.zequent field tripc

vmsm tharma! profiies and » water budget study wars conducted
for the pui’pous of strengtiening the p@sﬁulatn of the contfnuty medal
and for povhﬁng further evidence in support of the circulation shown
by the chemical analysis.
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I1. BACKGROUND

vt 1hThe :Mé#s ‘Lending estuary wes selected for this study for the..
following reasonsy - T T DT S IS A
=096 o iy Close-proxtmity to Monteérdy and research-facilities; . -
2 tn i2e  The astusry receives an industrial waste ‘product high.in-
Sxutoi :édlcium concéntration, . o LTt
st - 7 35 The-bottom topography and configuration of the estuary are
v known in-sufficient detail, -
e No previcus definitive studies have besn conducted in. the -
estuary,

=17 . Area Description. The Moss Landing estuary, Elkhorn Slough, was

created in 1947 by the Army Corps of Engineers; by.cutting a channel
through the saﬁg dunes which separated Mcnterey Bay from a bedy of -

.7« fresh water covering about the same surface area as the waters of the

- estuary today.,

7 The characteristics of coastal plain estuaries have been described
By Widliams (1962). Moss Landing estuary appeared to be two. layerad
during this study., In this type of estuary, the salt wedge intrusion
‘moves into the estusry on the flood tide adjacent to the bottam with
fresher water. being found nearer the surface. The estusry wss previous-
ly shown to be two layered from the results of Curiae to bottom salin-

e . ity measurements conducted aver s two month period by: the Kaiser Refrac-

L tery plant located ¢t Acss Lending. The ane'yses were. conducted prior

to Keiser's comstruction of a ses waser {nteke within the estuary.
The estuary {s composed of three tributaries mesting in. a conflu-

ence area referred to in this paper as a turning basin [Fis_. e 2),

15
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Tributary A, the turning basin and the estuary outiet are perfodically

dredged by the Army Corps of Engineers in order to maintein tha naviga-
PR 13 T T

tional channel at an approximate dapth of eighteen feet at mean lower

X e N

low-water, Once a year the Army Corps of Engineers sounds the dredged

areas of the estuary and reports the results in e published; sounding t
survey for Moss Landing Harbor. Tributary C {s dredged as,éftcn as nec-
essary by £lkhorn Yacht Club to an approximete depth of ten feet at mean
lower low water, and recent soundings are avaflable 7for this tributary.
7 Only a few isolated soundings have been taken in tributary B by the
Pacific Gas and Electric Company in .he area of their cooling water dis-
charge 1ine., Thess soundings are considered to be of 1ittle value since f
thsy were obtained over ten years ago. Cow

. "The Moss Landing estuary is o small estusry. Not considering the ‘
surrounding land which it drains, its surface area is less than one v
square mtle,

i~ -Caleium Pollutent. Cxicium pollutant is discharged iatu irivwtary

A by the Kafser Refractory plant at Moss Landing as a wasSe product in
«.'the manufacture of megnesfa brick. This pollutant has besn discharged

by Kaiser at a steady rete snd on a continuous basis for over a fifteen

yoar pariod, Calcium pollutant is discharged into the estuary in ’

squecus solution containing a celcium concentration 3.9 times thet of :

i witer analysed from the adjacent weter of Manterey Bay. - - : !

Katser mpnufactures magnesium oxide brick uaing dolomite from - |
“Mativided, Califernia. ODolomite [MgCa(CO3)2) s first crushed and hested .

in A kil ot Nativided, This process ylelds a granslated solfd cemposed
of cateium anfde (Cad) and megresium enide (Mg0) o3 Gescribed by the
- foliosing equationt




go_.mo:m, R ) rew r-‘:aw‘:ﬁ.;v*a

€a0 '
r (s) + Heat (KILN) -_— . } (s) + Coz(gﬂd- inpuritibo
. " Mgaj L

The CaO/HgO mixture is then transportcd to fne Kaiser phnt at Hdls
x Landing whers it is placed irto one of two ruc*sdn tanks cor hinlng g
: thered sea’water (Platt 1}, The process e’ ucts "90% of the mgmsim

contaf ned in the sea water as a whie precipitate of mg ~esfum hydroﬂi‘a

e AT

[Ng(d”z]. The slurry 18 pumped from the reaction tchkt and equally

 divided 1nto three settling tanks. In these tanks the products are upw

-- arated by gravity. The concentrated calcium chloride solution is drm:m
; off ‘into @ discharge line leading back to the estuary. The mgmﬂm

i hyoroxide precf’pitate is pumped into two \ashing tart,s; The ugn‘iiu

hydroxide is allowed to settle through fresh water in t‘au veshing
tanks purging any c#lcium ch‘oride carried glong wlth t&e precipitato.
The fresh water from these t,m containing df lyte, cak.‘ull chloride N

" spilled into the pollutant discharge line whers 12 dilutes the mste
fram the settling tanks by a factor of 25%., The chemical reaction

. equations describing these processes are:

Ca0 Ca(0H),
L . (s) + Sea Water (1) —> : 4}
S mgo Mg(OH)4
B {c_..(m)z + ”9“-2 —» M), 4“Coclz (1) To esTiMY (2)
Lo - | N S
"‘“‘"z — e,
*; ""‘ n;;(ou)2 " WNITE PREGYFITATE ]

| ‘?&m!ciw pollutant having L cm‘tration of 2.2 x 10 g,l is Q:-
{

ic!\crg«l into the estuary at @ rate of 20 000 gpm for a totas! duchtrp
= L0f 15 povnds of salciym ver sinvte, @

ia».w'

T T o
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Previous Electrode Studies, Thompson (1966) compared the electrode

analysis of Copenhagen Water (C! = 19.37%b0)to results reported by
Garrels and Thompson (1962) using the classical technique. The resuits
dgroed within 3% of the imeasured value. Experimental error {n the elec-
trode measurement is. ¥ 2% and that of Garrefs and Thompson was approxi-
| mately 2 2¥. The precision of the electrode measurement s therefore
comparable with the measurements by classical means (fhdipsbn,”'w“).
Thompson's results show that values measured by the électrode are as
good or better than values obtained by the classical method.

The calcium electrode reduces the laboratory analysis time from at
best .hours for the classical technique to approximately fifteen seconds
per sampie. The classical technique includes two precip!tations, two
£iltrations and a titration with permanganate, The analysis is time
consuming due to slow crystallizations of the preéipif;fcs obtained.
Filtration of these precipitates is also difficult tdrberfofn without
loss of calcium, Extreme care must be maintained throughout the analy-

sis in order to obtain accuracy comparable to the electrode capabi lity.

19




111, EXPERTMENTAL PROCEDURES:

| Fleld Trips. Dats was colilected on four field tripst October 15,
/ 1666 Novesber 27, 19665 January 8, 19673 Febraury 8, 1967. These dates
are in the fall-winter udon of this area and were selected using the
following criterfaj

1. Desylight sampling hours,

2. The same tide gnge (within £ 1.5 feet) during each field trip
and for the preceding two days.

3. Similar weather conditions prior to and during esch field trip,
Specifically, winds were to be less than five knots during a
field trip, and no rain for at lesast four days precwding data
collection.

Each field trip wes designed to provide specific fnformation.

‘ Field Trip I showed the traceability of the pollutant using the elec-
trode to determine its distribution. A more detailed identification of
the po!lutant movement within fts sourcs tributary wes the objective of
Fleld Trip II. The purpose of Field T-{p IIl was to study the circula-
tion within the turning basin by using the calcium distribution within
the estusry. In sddition, current masurements and tide staff resdings
wore obtaimed and used a3 supporting dats. Oye studies were conducted
on Fiald Trip IV as an {ndependent wethod of studying the circulation in
the turning basin and to estimste the rate of vertical diffusion in the
turning basin,

Genarsi Datas Collection. Fiuld deta wes colliected f-om thirtean

foot rowboats powered by five horsepmer outboard motors, Predetermined

sampling stations wers muriked et the beginning of eech fileld trip using




moored ptastic fiowts, Stations were rélfadiy toCeted DECAUSE VI

- tion in the estuary csn be accurately done due to the nesrness of numer-
~ ous prominent landmarks. The estimated positioning error is & 10 feet.
| Sampling stations were easily occupied and meintained during seme
~ pling. The mooring method used is shown dfagramatically in Plate 2.

W. “ Water. ":ifwlu of 250 mi were collected at tﬁc
surface and at depth. Frwtchy and Van Dorn uqﬂng bottles were useéd
to collect sub surface wlu, whi le surfsce uwlu wore ﬁand drm.

A ten fo_o;__.tjide staff marked at three inch intervals wes gecused to
the forward range light in the turning basin on Field Trip TII. At
least two visual tide Stiff readings were taken each hour during the ebb
tida! stage,

Current velocities were measur.d near the boutitl"y between each
~ tributary and the turning besin, and ha!f way down the’ utuary o-ﬂet
. using a Hydro Products current speed and direction sensors, model num-

‘ bers 460 and L65S-A respectively., The opersticnal préciision claimed by
the menufacturer for the current speed sensor is ¥ 3% when used in a
position not exceading five degrees from the vesiicai for speeds of from
0.1 to § knots, The current direction sensor {s precise to withir I §
' degrees when used in s position not wm tuwenty degrees from the
vertical,

A Hydra Products thermistor wes used to obtain vertical t-q»uné'c
profilas at 'oiioctqd positions in the estuary. The precision of the ‘_
* thermiscor-is t € . $

.- v S ARG

Calcium Analysing Equipment. The pricipte tool in this study fa

, the Calcium Activity Electrode, odel 32-90 merwfactured by Orfon Re-
™ oprch ncorporated of Cesbeidge, ﬁsuch setts. ﬁteﬁcfﬁs‘eﬁ% vy

i{n ¢ross section in Plate 3.
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CROSS SECTION OF CALCIUNM E£LECTROOE.

PLATE 3
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. Ihe celcium electrode wes duveloped ip 1965, The gcalcium elecirode

detects ionized or unbound calcium {n aquecus solution 2s a pH elscéroda
detects hydrogen fon. The pH clectroda develsns » potential across a
fritted glacs membrane, whereas the calcium eiactrode develops the ﬁofan-
tial across-a thin layer of water~{mmiscible Tiquid wnm ruin.
The 'o“mia’l deve loped betmn the Cfectrode and & calc"m swle is
described by means of tha Hernat cqudtion (Paturson, 1967):

E = - 0,059 log @ 3
]

E = Resultant EMF

E, = Standerd EW

Number of electrons transferred

=~
i

Analogous to an aequilibrium constant which in this case 1sj;the
ratio of the celcium activity of the sample over the nct‘lvity
of L2 ion exchaﬁge resin, : ,,
This equation is fundamental in descrit:ing the potentials of any comcen-

tration gradient. )
The principle of operation ii, meking a calcium determination with

tre clectrode can best be expia*ined by & sim!s beaker model. 1n the

schemetic diagram below tht bw onh the rig‘wt represents the sanpiu

to be measured, and the om or the !aft 2 caic*um e ectrode,

POTENTTOMETER
PLATINUN
CALCTUM j 10M ocemn [} e
PLATE = RISIN AT :
SheCi PLATE
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The equilibrium squatfon describing this made! takes the F1ilowing
form becsuse the potentiometer imposes &n equal and epposite E¥F:
Ca(SAMPLE) + Ca*™{ELECTRODE) ——» Ce{ELFCTRODE} + Ca™(SAMPLE) (b)

The stsndard EMF, .E,, is zero becsuse the EWF of esch of the half-

cell reactions in the modsl is equal {n magnitude but dppesite in sfgn.

Ttandard half-cell potentials are based on one molar solutions. -

" 1f the calcium values are not equaf then an EMF can be measured.

The second term on the right hand side of the Hernst Equation takes into

" account the unequail csicium concentration between sample and eiectrode.

The Nernst Equation is taus reduced to the following form:

E=-0.05910gQ o s)
N

The remaining unknowns (N and Q) are determined from the equili-

brium equation. The mmmber of electrons transferred is two, hence N = 2,

The expression Q is equal to the ratio of the calcium activity of the

sampie over the calcium activity of the electrqde., This expression in
the equation can be written in this form because the activity pf\; éure
solid phase is always unity, Therefore, the Nernst Equgtion.céﬁ be
writtens |

E = 0,053 Tog A. . + 0,059 ,
N Ca*{SAMPLE) 2  Ca“TELECTRODE) o {6)

This equation contains sne unknown if the activity of the caldfum
ion in the slectrode is maintained at a fixed value, '

The specific fon elecirode takes advantage of the characteristic
concentration stability of ion exchange resins to provide this constant
activity,

The potential measured by the calcium electrode is & direct measure
of calcium activivy., This potential represents an effective calcium con-

~entration less than the actual unbound calcium in the sampie.

25




- . Conversion of this patential to the corresponding calcium concentration

is cbtained by dividing the activity by an appropriate activity coef-
ficient,

- By plotting a acelibration curve using the potentials of ten stan-

. . dard calcium chlorida solutions, diluted by a ope molar NaC! solution

to meintein » nearly constant activity coefficiu.t, the potential rcad-

ings can be dirzctly interpreted in terms of relative celcium concen-

. trations. This plot yields a nesr ztr=isht line when constructed on

-

p8emi-logarithmic paper because the fonic strength of the standardizing

solutions was constent (Appendix II). Once the calibration curve is
drawn, the concentration uf any semple within the range of the standard
calcium chloride solutions can be determined to & precision of 1.0% over
‘the range used. "

The caicium electrode can satisfactoril} measure calcium activity

{n solutions ranging down to 5.0 x 10-5w/i. Below this range the natu-

' f‘l diffusion from the ion exchange resin becomes significant, The

" values measured in our study ranged from 10-3m/1 to 10~%m/1.

The electrode poteniial measurements were read on a Beckman Expan-

ded Scale 'pH :meter, Electrode measurements on samples were repeated

 several times and the uproducu’bility was found to be £ 0,05 millivolts

..which represents a rangs in calcium concentration of approimastely 1.0%

of the cbserved value.




The relative!; large amount &f :oicium dfscharged into the estuary

‘w~Gordes s ‘Meahs to trace the movemen. of water by 1derit{fying ‘the cal-
“etum distribution withid the estuary. Since the efectrode shows & sen-
sitivity of 1% over the range used, it can be ut{lized to descrilie the

h,furning basin circulation, . -

Water volume conservation in the turning basin can be expressed in
_ the following form:
| We B+ T = W | (7)

“

Yo, Y8, Y = Fractional volume of water emtying into the
turning basin from each ‘tributary. et
W = Total volume of weter being transported fhrougﬁ‘fﬁedfﬁ}ning
basin during the ebb tidal stage which in the abdve equa-
tion is egual to unity, This volume is also tha flcw out
to sea,
Considering the calcium concentration to De conservative its con-
tinuity is expressed in the following form:
Wl + g + Yl = Cyg
Ca, CB, Cc = The calcium concentration from each tributary
expressed in moles/iiier,
Crg = Calcium concentration in the turning basin expressed in
moles/1iter,
If the calcium distribution in each tributery {s known, then the
calcium concentration at any point in the turning basin can be deter-

mined by a weighted average of these distribations., The undfiuted

27
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‘volume of water from each tribut'iry at any point in the turning basin,
when multiplied by its concentratinn, provides the contribution from

' A I S IR i
that tributasrv to the total concentration, Thé sum of these terms {s

,/the value measured in the mixing zone.

In this study two tributaries, B and C, wera found to be constant

_and equal in calcium concentration. This result simplitiss the cylcium

_conservation squation to the following forms
- aored .
Tl * (g * )y = Cpp (9)

o

™+ (G- Ya)pe = Crp (10)

The above equation can be solved for Yp 2t any peint in the turning
basin if Cy, Cgc and Crp are krown, The distribution of v, values re-

. veals the circulation pattern when an isoplath field is contowred con-

~necting equa! Y, values,
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¥. DATA ANALYSIS

:
J
L
k]

p Field Trip I. The purpose of Fjeld Trip I was to inviistigate the
distribution of celcium concentratien in Moss Landing estu;ry. Sawling:
étation locations are shown in Plaﬁe b, water samples n;'e collected
@t each station at depths of four ana ten feet over a sfx hour periud of;
the ebb stage. The calcium con\;entnt}% of each s’qnjle wes determined |
in the laboratory by using the calcium.¢lectrode. ':Labontory data for
all field trips is shows in ;\ppermr’r Addit]onal | sanpTéy, collected
sbout one mile west of the utﬁary outlet, in Mcnterey Bay, were ?ouai,‘_
to have a near consiant calciu% concentution of 5,10 x 10-3 (VAR s

The time variation oi cﬂciw at stations 1, 11 and 111 is shown
in Plates 5 and 6 at the four and ten foot levels respectj.vﬂp.uwioﬂ
I, due t> its close proximity to the pollutant sdurce, deﬂnitely shows,,
the effects of the calcium discharge at the faér foot level. Tne con- .l
centration at this location increases markedly throughout the ebb stago.;
$imiiar trends of calcium concentration exist at station II and III,
located in the center of the turn'ip‘g basin and in the estuary outlet
respectively, except the concentrgtions are lower, bﬂowever, all st.tio!;
have a ngnificanﬂy htgher calcwm concentntion than the adjacent |
;-ter of Roater sy BA}. On the o:her hand the coc;:entr.tions at ten fu:
are low fn rélaticn fo those at fwr feet. The qoncentntfom st this
;op’h increase only slightly with !tm into the e& stage,

The significantly higher ulc‘lun concentnha‘ at the four foot

i
*

..pth : pports the sarlier cclt!usion that the us§ar, is two layered

e ke IO, R R

.t jeast with respect to Eflciuﬂ. At; tion of ®he calcium concai~

B R St S I -:.:ra‘-l&nr S 'r‘—f»-wd‘-r

tntion ‘at statioms I1 ard IRT s Moot !mm 3o hltfmﬂ ﬂglg A

B, i
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with water from tributary B as the increase in concentration et depth {3

‘ not sfignificant.,

Data from t~{s field trip indicated the existence df a calcium

- maximum which moves down tributary A, thrcugh the turniné basin and out

~ to the ocean on the ebb stage. On the ficod stage, this :éalciua max {mam

is probably located opposite the poilutant source. Pollutant movement

analogous to this was described by Pritchard {1960). Mowever, a more

- detai Jed understanding of the calcium distribytion {n each tributary

over the ebb stage wes required prior to attempting to deicribe the
cfrculation fn the tdrﬁfng basin. 1he determimhon g! these distribu-

tions formed the basis of Field Tr1p 11,

Field Trip II. The calcium distribution ef the surface and at four

~ feet along *he length of tributaries A, 8 and C was investigated. Cal-

-

. cium sa@!es were Collected in tributaries B and C only at the cc@n&:e—

"ment of the ebb stage, while mare detailsd samp!TAd'as conducted in

tributary A over the duration of the ebb stage.
Two stations separated by 1000 feet were occupied in each of the
cributaries, B and C, as shown in Plate 7. THe calcium concentration

of all samples ccllectad in tributary B and C were equal within the

pfu‘:!sloﬁ of the ag\_,"ytfui technique at 6,80 x _16“3 m/1. Since both

3

é

P AP SRSt

tributiry B and € are shaliow and narrow and —ecewe rno calcium drrect-

ly, mixing should assure hmformt) in cmmrihon cver the ebb stlga.
More detailed sampling was undertaken in tnbutary A, at onc hour

intervals, over the ebb stage, \Hve stations wiwe establizhed in tria

butary A as shown {n Plate 7, These stattons extended f-on a positiori

directly opposite the locatign of the ;)&funnt discharge to a point qn

; the boundary of the turnimg basin,
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The distribution of caicium at the surfacc and at the four foot

depth in tributary A at successive times into the ebb stage is sheam 10

. Plates B to 11. Plate 8 shows the calcium distrilution at the beginning
I of the ebb stage. The ..ncentration decreases from the source to the

turning basin at the surface and four foot level, Plates 9 to 1! show
“thet in the upper portion ol tributary A the surface concentration drops
soon after the commencement of the cbb stage and cuntinuc: to drop
throughout the remainder of the stage, At the same time the concedtra
tion at the four foot depth show: onlty 3 ralatively small chanas gver

the ebb until a sharp increase is noted toward the end of the stage in

the upper portinsn of tributary A. At the aidooin® of tributary A the

surface concentration decreases througshout the ebb stace to the extent

of falling below the concentration at the four foct depth, At statio=
V, closest to the turning basin, the concentration remains relativaly
‘uriform, The reason for the Jecreases noted in total cicium concen.
tration at *he surtece i1 tributary A is due to the irtrusion of adgi-
ticnal water, This arciticnal water is urdoubtedly fresh water ron-off
from the surrccading land behind the poliutant source, This expismtion

% is based .. thza (,£3 inches of rair recorded 1 Monterey for the week of

o

Novwembo: sustT prior o Field Trap 1T, Thi. was an abrorrally large

amount ~% prec pitation for this period,

e L

S 1%
Plates 1!

1
o«

-
P
hort
é.
[»]
"

to 18 thipw (B2 tim

a each stativon in (raborary &, These plates show That tha o Tacm gl
¥ P

the abb ttage proceecimg from - ooist gpdodite Use poliutsmy sowia To-

ward ihe turning basin, This iz zrobasly due 1o the sg-emwr: 2 ins
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-+ calotum maximum movement seen in this tributary on Field Trip T,

Since we had obtained sufficient field experience and understandfng
of the processes in tributary A, & final experiment wes designed to
" determine the circulation in the turning basin by use of the calcium
distributions within the estuary,

Fietd Trip I1], Two and one haif hours intc the ebb stage was

selected as the time to apply the continuity equations to the turni-g
basin in order to obtain an explicit resuit for the surface circulation
pattern.

A grid of stations was established to provide good area! coversge
of the confluence area as shuwn in Plate 17, Thaese statioﬁs ware
established in such a way as to facilitate the determination of the
calcium distribution in tributaries A, B and C as well as the estuary
outlet. Samples were collected directly into sample jars at the sur-

"“face and at a depth cf two feet, The Argbic aumbered stations we-e
used to determine the calcium dist-ibution ia the turning basin. Those
stations with Roman numeral or alphabetical designations were used to
'de’ermine the calcium distribution in the tributaries at the sampling
timms, Sﬁtﬁoﬂ; marked X, were sampled at 2Zig and 35 hours into the ebb
stage while those marked (N) were ssmpled ot 2 end 3 hours into the ebb.
At the crosshatched efrcles (@) water samples and currert measurements
were obtataald gver Pg hours of ‘the ebb stage, The calcium concentrations
of the vollectad water samples were normalized to 2 hours into the abd
by linear approximations. » -

The calcium conceniration values determined for 24 hours into tie
ebb stage for the turning basin, %;ébutary R, B and { are shown in
Plat.. i8, 19, &~ 20 rg!?GC!i#t!y; The caizium concentrations within

th' turnmg basinshui '?{\:i’—*:?rgt?ﬁfﬁ iﬁ_wgtg;s proceediag g;rm
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the turning basin and sesward down the esturry outlet from the dischsrge
Bourdiry 8T ¥ TBUtary R, The calcium valuet Tn tributdry A révesied '
that the celuium distribution in this tributery can be considered & fiat
field at least tc 1000 feet into the tributary. Tributaries B and C
show equal concentration values at 2'g hiours, with only & slight ovarall
rise over the entire ebb stage,

In crder to obtain a better understanding of the movement of the
calcium maximum in tributary A, surface samplas were collscted at a line
of statians'a?ong the center line of the tributary at about five hours
into the ebb sfage, The location of each station and the resulting cal-
cium distribution is shown in Plate 21, This plate clearly shows thaf
the calé¢ium maximum has just reached the turning basin boundary at this
timeg into the ebb,

In sddition to the collection of water samples for analysis,

current measurements were taken in sach tributary and in the estuary

outlet over a five hour pariod commencing at the beginning of the ebb

i

stage. Burrent messuring Tocations are shown in Plate 17. Cu-rent
speads at each station were plotted against time intc the ebb stage and
are shown in Plate 22. The current speed at esch station is seen to ine
crease to a maximum value approximately four hours into the sbb stage.
Current speeds in tributary 8 and the estuary outlet ares approximately
equal throughout the ebb stage, but are about six times the magnitude

of current speeds measured in tributaries A sne  at their raspectiva
eIt Vo liale .

Tide ztaff reasdings were taken over @ {ive heur period commancing

- ot-dher wegitming of the ebb stegs ¢t the jocation shown in Flgte I,

These readings were plotted and comparad sgainst readines of the stan-

dard tide gauge st Monte.ey end ave shown in Plate 23, The error in

50
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reading the tida staff {s less than -3 3 tnghcs. The 7 lot*ad ebb tidal
stage of Monterey Harbor and Moss Landing utuar* were 1n go: a;::;'-nt.

Data collected on this field trip provided the cnlciméd!ptribtétion
in the turning basin and the adjacent tributaries, This '.‘a;n was rq- !
Guired for the description of the circulation in Fhe turning basin by
application of the continuity equations described\ esr'ier, Furthermore,
determination of current speeds at various locations within the estu.iry

permitted an evaluation of a water budget for the estuary.

Field Trip IV. The data collected on Field Trip 1II satisfied the

continuity model, and the circulation pattern in the estuar:,' turning
basin was determined. On Field Trip IV an alternate method’using dyﬁ
to determine the basin circulation was attempted. Fluoroceﬁq dye was
placed in the estuary at three fixed locations at 2, L5 and 5's hours
into the ebb stage, " Station locations are shown in Plate 2k, |
Color photographs using a Pacemsker Speed Grephic camsra (127 mm
fens] were taken at predetermined intervals from a Navy Cv‘oé airplane
at an altitude of abgut IOOQ_l_fgct; A reprosenistive reguit of the cir.
culation pa;:tern revealed j; shbv;u'fn Figure 5. The dye u=ntering the
turning ’bfuin from the two stetions ip trfsztal:y 8 reveaied a meanier~
like paf'tarn in the center of the turning besin, The dye stain phced
near the digcharge of tribu“ary A remained concentrated near 1ts mwce
d!f'fuaing slightly toward the center lins cf the tributary, |
At 3% hours into the ebb stage a dye packer wms atmchﬁ to ¢
thirty pound weighted nyion line at a position two feet sdove the weigit.
This &ye ,scket "=3 then quickly lowsred to a depth of two Test aboﬁ
the Heer o? the aatmry at %ho %ﬁ&:‘!‘@’ﬁ shower in P'uta 24«‘;7 Ffrer ap-

pfommtasy two mimtss whm tm h\%ﬁﬂ :.ur“atca ﬂya stai= hyz E"!:t

,».;,4_1:

carried out sf ‘f?ﬁ,&ﬁfn by ths cwwnt ,ﬁfgs .gf;};m . dx, retum%aﬁ,

5%
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to the surface was observed from the airplane or by ground obsarvers
usf%g ?;Qlé gli;;es. Updn retrieving the dye packet at fhe en&'d?"
fifiten minutes it was observed that only 10X of the dye remained un-
expended. Thus, vertical diffusion must be of minor significanceia the
turning basin,

Upon complietion of the dye studies two vertical therma: pnofilee
were measured, one in tribqtary A and the other in the turning basin at
the stations shown in Plate 2k, Unfortunately, the temperature crlihra.
tion of the probe was fauity and quantitative vaiues are not svailable,
However | the qualitative results shown 1o Plave 25 indicste that there
is 8 stanie stretification at-a depth of eight feet throughout tributary
A and the turniag basin,

Dye study resulis; thermal profiies, known fresh water difuticn of
the calcium poliuzant and th. large difference in cafoium comentretfon
betweer the four and ten foot depthy lead ui o beliewe that the c¢é£é§~

uity equatic-i are satiafied in (he upper layer of the turning besin,.

N the kasis of these results vertical diffusion, if presert, asm

be reglesved,
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1
aving chtained ana understandfng of tfa calcium covemant and -

tridutien within the astuary cn F1ild Trips I and II, we applied ¢

¢ fcium distribution data from Faeld Tr‘fp ¥II t:o the C{:»;}t‘ﬁ“;;j?:it? eq:

tions, Lince it was Gdr purpose to use the ca%c.um d;atrsout%on £

a

'1udy the cire utafaon patt:rn 1n the turning basin, the hcwtiraizw cudel

de fr bed in soction IV was app!vcd to the deta using the 3oliewi

ac atior i . i
a+ Yz 4+ T¢ =" Y1 j : 53
r V; . :
( o e B
s T s Yo = Cre o | (8}

—

tecall that equatian (7) represents continuity of volums wi th xﬁ -

e -esenting fracticnal volumes from each tributary. The right;n&pé
: . ' ,
term It iz egual to unity and rep?ésents the total volums passing

through the estuary cutiet. Equatiéﬂ>(8) describes the conservatisn
of calciunm resu]ttrg it equation (7) 15 satxsF,Ld
Field data from F%eld Trip TI1. showed the cancertra.won in tribu-

tary B and C to be‘ﬁqual'at 24 hourq into the ebb stage. Under thesc
conditions ecuatiaon (B) reduces to'ﬁhé follewing form:

2

A A . (‘f 7&? aac‘ = Crg (v}

Fietd vinp 131 dﬁta a.mo pro‘io\d the value of C,, CBC and CTB' Ther ¢~

-

f@re, the fre ct!@ﬂgl;vv’ﬂﬁﬂ 7 was determwneﬁ at each s?atzcn,in*th~

sdrning basin, Iéere: 18 gonnecting poinf- of equal Y, wiré tﬂﬁfiffﬁd
5 R s :
~ayzaling the gifeql 4 3anmrath9rnrxh?xw_xn Plate 26, .. Piate 28 shows &
o
TP : %
vailable Cop | 59 &
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meander-like pattern through the center »f the turning hasin,

SRR R LR —

Evidence supporting the correctness of this circulation pattern {is
pp 9 P

Y

the agreement between the value of ‘A contributed to the turning basin

as determined by electrode and independently by a water budget study.

s et U g X B -

Through the use of the weter budget Ya was computed for a six minute
5 interval centered around 2's hours into the ebb stage. This fractional
o volume was determined by calculating the volume of wster transported
through a cross section in tributary A, C and the estuary outlet for the
six minute period by muitiplying the time interval (six minutes) times

the product of the current speed and the cross sectional area at each

@§ current measuring station, These calculations are siown in Plates 27
to 29, The volume transported through tributary B cannot be directly
determined 1n the same menner due to the lack of soundings in the tri-
butary. rowever, since the volume transported through tributary A, C
and the estuary outlet is known, the volume transported through tribu-~
tary B can be determined. Y, was determined to be approximately 9.6%
using the method summarized in Table I. The determination of vy, by
electroce analysis was calculated by numericaliy integrating over the
sreas between isopleths of v, in the turning basin. These calculations
are shcwn in Plate 70 which show a value of approximately 10.2% which is
in good agreement with 9.6%. This agreement between YA values supports
the circulation pattern determired by the calcium electrode.

Further corroborative evidence substantiating the correctness of
the circulation pattern revealed bv the electrode comes from the dys

studies of Field Trip IV, There is close similarity between the two

p.tterns as shown in Plate 31.

61

L REB _ AE o SRS/ TR e SN




‘Y ANVLAASIRRIL
W) BOILYLIS ONNEVIRN ANBYWUND AV MBAVT IOVINNS A5 VAUV Tviedlldd8 800D L2 LY

$00) MERD DI ZHO'T = 'Pe8 0092 & 2904} (L3 = 3140013
:NOILOIS SS0MD SMNL NONOUHL A0T4 BWNTI0A °B

158) caawbs 0Di3 0,030 * @
:NOILORG SECHD ‘ML 30 VREV GILYNILSE I

:SBOIAVINO WD
LS ]
-—— s Gee Geme em  vme Cme NN  Gam (WS e e GeS WO GNP WA WS B0 Gin WE3 OB Mee s o .!i""""‘.""lw
L
b ]
2t
[}
pu |
ots obe o83 0% oF o1 o iam— |
i

(1332) ¥ ANVLNEBNL 4C HIGHA

A L




D AMVLINGWNA
%! NOILVIS ONIVABYIN ANENWAD AV UIAYT BOVIURS 20 VREY WWNCILINS Og ‘0B BRIV

L3R4 NGRS OV X GOE"OBS DOOE * 358 /04 G4k gid 088
IN0LLD3E SSOMD BHL HONDUNL MO IWNTIO0A B

4334 3¢YN03 G8S = Sii % §
:NOIADZE SEOUD IHL 20 YRRV GRLYWILSS I

BRUOLLYWNIDNYY
A
-~

2
por’
llllllllllllllllllllll =
- -\q =

u »
iTve
3

A 4 b | s E
v

N

001 8 o9 o3 o
(1352) O ANVANGINL J0 ALCIM

T 1T T S ) . ) Y e o ez AL

63




‘ABIANCG ANYALSS ‘
!8..2,3353«3.:.-_.:.3._.c:u»ﬁuocs!.ucauﬁg;ﬂ.gda!}s

1
430 HOND OO. X 90%°13 = 3380008 * 338/14 96°3 tgld 0283
‘HCIAOIE SSOND ML HONOUMNL MOTN4 BRNTWVA '3

4034 F¥VN0 S 0TLE - 990 = G
MCGILOIE S10MD ML 40 VINY GIWNILISY )

ISNOUYNIIVY

G T ph— -y (-]  Gummmmhes 1: SEatataten . ¢ B 7
(AXR) 43400 AMVALASY 4O HIONA




I.

II.

Il1.

WATER BUDGET DETERMINATION OF TRIBUTARY A
PERCENIAGE VGLUME CONTRIBUTION TO iHE
TURNING BASIN 2.5 HOURS INTO THE E£BB STAGE

BASIC EQUATION USED: Yy + vy + v¢ = ¥

Ya-c = FRACTION OF TOTAL VOLUME FLOW OUT OF EACH TRIBUTARY

Yy = TOTAL VOLUME OUT OF THE ESTUARY OUTLET IN A SIX
MINUTE PERIOD. ODROP OF TIDE NEGLECTED DUE TO SMALL
DROP IN RELATION TO THE DEPTH GF THE SURFACE LAYER,

DATA FROM PLATES 27 Tu 29.

Yo = 2,04 «x 106 CUBIC FEET IN A SIX MINUTE PERIOD

Yo = .805 x 10°

Yr = 21.35 x 106 cusIC FEET IN A SIX MINUTE PERIOCD

CUBIC FEET IN A SIX MINUTE PERIOD

NCTe: SIX MINUTE PERIOD CENTERED AROUND 2.5 HOURS INTO THE
EBB STAGE,

CALCULATIONS:

l. Yg DETERMINED FROM THE BASIC EQUATTOt IN PARACRAPH I,
DIVIDE THROUGH THE BASIC EQUA TON BY A FACTOR OF 10°.

2,06 + vg + 805 = 21.35

Yg + 2.85 21,35

vg = 18,50 x 108 cusic Feel

2, ODETERMINATION OF THE PERCENTAGE OF y, WITH RESPECT TO THE
TOTAL WATER VOLUME TN THE TURNING BASIN:

6 cURTC FEET

ae Yp = 21.35 x 10
A _ 2.04 x 10% cuBIc FEET

bo : -
Ya + g ¢ 7¢ 21.35 x 10° cusIc FRET

= .0955 = 9.55%

TABLE I. WATER 3UDGET CALCULATIONS
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* chlorate (CIO&) electrode sho ld be evaluated, Since perchlorate does

VII, SUMMARY AND REUOMMENDATTONS

Summary. The applicability of the Calcium Activity Electrode to
describe waier circulations was evalusted in the Moss Landing estuary,
This was accomplished by determining the ~irculation pattern in the
turning basin of the estuary which contains a hign concentration of
calcium with respect to its adjacent oceanic environment. Excelient
agreement was obtained between the upper layer circulation pattern re-
vealed by use of the electrode, current and dye studies,

This study shows the Calcium Activity Electrode to be a quick and
sensitive analytical instrument to describe water movements in this
environment .

Recommendations. Subsequent investigations involving the use of

the Calciurm Activity flectrode can be improved by the dovelsg -ent of an
in situ efectrode model. Its development appears feasibie anc would
allow a quicker and more detaiied evaluation of circuiation patterns,

ol crdme g fn g!hs madet .. -
Fulure ocudier uliva em @ !0 =ndot onetd b 30 P Tai i DY a1lowing

- - - Iwet N o o

an incresse in ithe guantity of data obtained per :nit surface area,

This increase would be possible through a reauction in tne hand’ing of
presently required sampling equipment,

The application of other specific ion electrodes sich as the per-

not exist naturally in the marine environment, the aduition of perchior-
ate into smal] water bodies such as rivers, lakes and sma'll estuar-es
would allow study of their circulations in s menner simiiar to that des-

cridbed in this thesis,
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APPENDIX I

FEELD TRIP DATA
FIELD TRIP I.
A. Tide Datas Height of high tide 6.4 feet at 1138,
Height of low tide -0.7 feet at 1822,

L. Sample Data fiom each station {Plate 4);

Station No, I

. Calcium
Consecutive Time Into Bepth of Concentraticn
Run No. Sample No. Ebb Stage {min,) Sample (ft.) (m/1)
R g 4 6.20 x 1073
1 2 g 10 5,20 x 1073
2 7 65 4 6.00 x 1073
2 8 65 10 540 x 1373
‘ 3 i3 - 134 4 6.00 x 1673 ;
3 I L 134 10 5,20 x 10-3
’ A 19 214 b 1.12 x 10-2
L 20 21k 10 6.40 x 10-3
5 25 289 I 1,08 x 1072
5 26 289 10 5.85 x 1073
6 31 365 by 8.10 x 1073
6 32 365 10 5.80 x 10-3
¢
'§ Station No, Il
“ 1 3 20 Y 5.10 x 1073
21 1 b 20 10 5,10 x 1073
2 9 85 b 5.20 x 1073
2 19 85 10 5,10 x 1073
2! 3 15 157 4 6.00 x 1073
5 7.
£ W |
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16
21
22
27
28
33

U

i

i2

\7

18

24
29
30

35
36

¢

«
-

336
336
390

_ ion No. III

i0

10

10

10

ic

10

10

10

10

10

5,60 x
€.30 x
5.80 x
8.40 x
$.85 x

V6.§0 x

6.80 x

5.10 x
5.10 x
5.15 x
£.50 x
5.40 x
5.40 x
5.50
5.30
6.66 x

»

b3

6.20 x
5.90
5.85

»®

x

10-3

16-3
1073
10-3
10-3
1072
10-3

10-3
1073
10-3
10-3
10-3
10~3
10-3
10-3
1073
10-3
10-3
1073




FIELD TRIP I1.
A. Tide Datas Height of high tide 5.9 fest at 0856.
Haight of low tide -0.6 feet zt 1614,

Sampie Data from each Station (Plate 1):

Station Moy Cy

Calcium
Consecutive Time Into Depth of Concentration

Run No; Sample Mo. = Ebb Stage {min.) Sgmple (ft.) (m/1)
1 1 k2 0 6.8 x 1073
1 2 -is2 L 6.8 x 13

Station No. 3

.26 £.8 x 1677
-29 6.8 x 10-3

Station No. By

-18 6.8 x 1073
-18 ¢.3 x 1073

Statron No. Bl

-13 6.2 x 1073
-13 6.8 x 10°3

Statior Ro. 1

01 10~2
10-2
1n=2
10-2
10-3
19°3

10-3
102




N

(2

E B A O W]

Y T v

1
12
21
22

32

&1

42

13
L]
23
2k
33

43

15
16

Station No. T

08

08
151
161
296
296
Lo
Lko

Station No. 111

1L}

%
157
157
302
302
L6
46

Station No., IV

20
20

& o F o & o S o & o &S o & o

o

P N - ]

1.67 x

1,12 x

!.‘*5 x

1,12 x
7.80 x
9.60 x
6,40 x

1,23 x

1,70 x
9,60 x
1.35 x
Tel17 x
8,70 x
9,00 x

7,40 x

8,80 x

1.27 x
70"5 X

10-2
10-2
10-2
10-2
10-3
10-3
19-3
10-2

10-2
10-3
10-2
10-2
10-3
10-3
10-3
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2y 8
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Station Ho, V

27
166
166
313
313
Lss
L55

—
T

o i iy

7.80
6.80
7.99
7.80
9.10
. 7.80
8.50
. 9.00

10-3
10~3
10~3
103
10-3
10-3
1073

10-3

e
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;
FIELD mg '_fx"r.
) A. ‘Ij_d_‘_e_ Data: Height of high tide 6,5 feet at O7hb,
» “ ' Height of low tide -1.3 feet at 1526
; 8. Sa@le vata from uch Station LP!ate 17):
| .
Station No. €y
Coﬁsecutive Time Into Depth of c,,.,g:,‘,ﬂ'.":ion
Run No. Sample No. Ebb Stage (min.) Sample (ft.) wm/1)
v 1 01 e 5.5 x 10-3
2 b 91 0 - 4,95 x 103
| 3 32 Co1ee 0 5.20 x 10~3
; 4 54 22 0 5.40 x 10-3
‘ 5 66 27 0 5.40 x 10-3
6 68 316 0 5.50 x 1073
i Station No. B
1 2 6 0 4,90 x 1073
2 3 66 0 5.15 x 1073
3 19 | 1y 0 5.15 x 10-3
" b5 209 0 5.35 x 1073
5. 65 261 0 5.35 x 10-3
i 6 67 . 296 0 5.50 x 10-3
7 . 83 336 0 5.75 x 10-3
, : , Station No. I
3 5 19 0 1.10 x 10-2
| i L6 - 19 2 1,15 x 1072
: 2 3 . .80 0 9.2 x 10¥
"2, .3 180 2 . 1.0 x 1072




i

37

10

39
Lo

n
12

h
b2

13
b
b3

15
16
46
47

17 .

18

jaation No, 11
121
121

182

2

" Station No. IIT

124
124
185
185

Station No, IV

i29
129
189
189

;t.t'on No, V

132
132
in
i92

Station No. |

4o
140
210
210
Statfon No. 2

143
143

o N O

1.09 x 1072
1.09 x 10-2
9.0 x 103

9.6 x -3

1.10 x 10-2

1,10 x 1072

9.6 x 10-3
9.6 x 10~3

1.23 x 10-2
9.6 x 10-3
9.6 x 10-3
9.2 x 10-3

1.23 x 1072
1.23 x 102
9.20 x 10-3
9.60 x 10-3

8.30 x 10-3
7.80 x 10-3
5.77 x 10-3
5.77 x 103

6.60 x 10-3
6.40 x 103




L8

49

Y
»

21
50
51

22

52
53

24
-
55
56

26
27
57
58

28
29
59
60

"212

212
Station MNo. 3
146
146

il

214

Statfon Yo, 4

152
152

224

224

Statie~ No. 5

155
155
228
228

Station No. 6

158
153
232
232

Station ﬁ;.AZ
160 -
160

234

2%

N D N O

5 . 80 X
5:80 X

6.10 x
5090 X

.70 v

5-75 X

5.50 x
5.50 x
5.40 x
5.35 x

6.00 x
5.80 x
6.50:x
6.50 x

5.50 x
5.50 x
5.50 x
5;60 x

;;60 x
5;35 x
5.60 x
5.75 x

10-3

10-3

10-3
10-3

13-3

10-3

10-3
10-3
10-3
10-3

10-3
10-3
103
10-3

10°3
10-3
10-3

|o-3’

10-3
10°3
103

10~3




- ¥
i
Station No, 8
2 . 30 163 0 5.5 x 1073 |
2 n 12 5.75 x 10-3 | .
3°. 61 237 0 5.50 x 16-3
R T S 237 2 5.40 x 103 b
Statfon No. 9
2 .35, S -0 5.35 x 10-3
2 3 167 2 5.35 x 10°3
I8 29 o 5.75 x 10-3 |
3. . 6 239 2 5.60 x 10°3 |
. Statfons Nes Ag-Agy * No,
R ] N 1} 0 Bx 103 A '
1 70 318 0 6.6 x 1073 Ay
... n 320 0 6.7x 103 A .
te, N 322 ¢ 6,7 x 1073 ay
1, 7 323 0 6.7x 1073 ag ;
3 324 0 1,02 x 1072 ag
1 s 325 0 9.8 x 1073 A
I S _q 327 0 9.0 x 1073 ag
I j/v7 38 ¢ 8.8 x 1073
1 } 78 336 0 8.3 x 1073 Ao
Ve 7‘9 - m 0 8,5 x 1003 Ay
I w0 8.60 x 1073 A,
I ) 153 T | 1.0 x 1072 ayq .
b & m e ssewd ay |
* s:¥1@ locations shown ¢ i 20, | | .




C. Miscellansous Sample Data (Plate 17):

Calcium
Station Consecutive Time Iato Gepth of Concentration

No. Run No. Sample No, Ebb Stage (min.) Sasple (Ft.)  _ (m/1)-

) 4 1 .8 89 0 1.08 x 10-2

, 1 - 89 b 9,40 x 103

5 Y % -0 6.50 x 10-3

6 | £ 97 0 -6.20.2 10°3

7 1 F 100 0  5.80x.103

1 G 100 2 5.40 x 103

8 1 I 104 0 7.20 x 103

1 J 104 2 6.10 x 1073

9 1 K 107 0 5.60 x 10-3

1 L 107 2 5.20 x 1073

10 1 " 105 0 5.40 x 1073

. 1 ] 109 2 5.40 x 1073

. i ! 0 12 0 5,20 x 10-3

1 P 112 2 5.15 x 10°3

12 i Q is 0 5.10 x 10°3

| R 1s 2 5.10 x 1073

04 1 A 1 ) 5.20 x 10°3

2 H 101 0 5.13 x fu 2

3 s 176 0 5,40 x 10°3

b T 234 2 5.60 x 1073

5 " 276 0 5.60 x 1973

) 6 v 326 0 6.00 x 1073
. 0. Current Dats shown in Plate 22,

€. Tide Staff Dats shown in Plate 23.




FIELD TRIP IV,

A. Tide Dita: MHaight of high tide 6.1 feet at 0915,

Height of low tice -0.8 feet at 1632.

B: Resujts of Dys Study for Circulation In Turzing Basin shown in

F‘gﬂ 20
C.  Data from Therme! Pruiiles in Plate 25,
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APPENDIX
ELECTRODE CAL'SATION CURVE
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