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Anticipation and Recommandation
The study started on March 67 on a 1/8 {one elghth) time bosis by the principol

nvestigator. This report dasciibes work accomplished during the period March~May 6%;
anticipated accomplishments until Dec., 69, and recommendations.

WORK ACCOMPLISHED

During the peried Morch-May 69, a literature reviaw was made fo outline the
analyticol background for dispersion process for o dissolved, colloidally-wepended, or
suspended contominants, These analyticsl conglderations are outlined in the following
parGGIeDTS .



The Cwlmig Euuﬂon

Applying the conservotion of mass to on Incrementol volume of flow, the

continuity equation for a transferable scaler quontity per unit mass of fluid is:

af + 3{uyx )+ 3luy )+ ala, )-
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where oy 3y 2z 32

F = driving force
t = time
Ux, Uy, ug = velocity of the tronsferoble scoler quantity in the x,y, ond z directions,
respectively,
t = tromferable scoler quanity
£ « molecular diffusion coefficient
Assuming: |
a=- incompressible flow
b« origin of coordincte system is at bottom of flow with coordinate x in
direction of prinavy flow; coordinate y nomel to bottom (positive upward);
and coordinate z horizontal nomal to primary flow.
c~ molecular diffusion is negligoble in comparison to turbulent transfer
(Elder, 1959).
d= for turbulent low conditions
Uu=0q+0°, £ =T + g~
where yu, 7 = insiantoneous termn
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being long snough 1o mask the turbulent fluctuations but not so long to damp other
varlotions of quantities with time
¢ ~ the percentage of volume occupied by the dispersant porticles is
negligable
f ~ off diagonal terms of diffusion fersor ara 2610 when coordinate system is
set-up as indicated in b obove (Pol, 1957)
g - trossferable scaler quontify s a disparsant which con be describad by ¢

concentration

with the above assumptions and neglecting the driving force, the continuity equation

tokas the form;

oc . 3u,.& , all, & 3¢, 3

3C 4, AW, & , L | T 3 (By 9% -3(By %% -2(Ez 3€)= 0 ~ (2)
3% "y oy 22 Ix X ay Y BY)az : 3z

where:

3 o time averge concentration of dispersont
a time avarage volues of dispersant velocities in x, y, and z directions,

respectively.
Ex, Ey, Ez = turbulant transfer coefiicients in the x, y, ond z directions,

respectively.
In eguation (2), the first term is the substontive darivative of concentration with
respect 1o time; the second term is convective transfer for convection in longitudinal
direction ond describes combined convection dug to both wave orbital velocity and
mass Hamfer velocity in the x~direction; the third term is convective rangport for
convaction in the y-direction ond describes convection due fo porticle fall velocity

and the verticol compoaent of both wave orbital valocity and sacondary currents;



the fourth term is convective transport for horizontal convection dus to secondary
currentss and the last three terms are turbulent transport In the x, y, ond z directions,
respectively,

Dissolved or colioidally-suspended contaminonts which behove ltke particles
of the amblent fluid are fransported at the meon flow velocity ond disperssed long-
itudinally by the combined action of turbulent diffusion and differentiol convection
due to the variotion of velocity with respect to pasition in the cross section,

On the other hand conrominated particles which are transported mainly in
susparsion (like stit and sand) behave like fluid or colloidaliy-suspended particles
axcept that they tend to settie and be deposited on the bed,

Substituting In equation (2}, the values of G su= instontansous fluid
particle velocity in the x~direction; Uymy =V vy ® instonisneous fluld particle
velocity in the y=direction (vertical component of both orbjtal velocity and seconcary
cumrents); V = particle foll velocity (positive upword); and u,s ww secondary current
velocity in the z-direction; wa cbiain

3¢ 4duc 43uC 4+3wWC . VIC -3 (ExdC)-3 (BydC)=3 (BziC)= 0  ~ (3}
3t 3x 3y 9z 3y 93x = 9x ¥y Yy 3z =~ dz

tNo solution to equation (3) is available however, the solution of few well salected

coses would be developed in this study.
(1) Dispersion for ¢ dissolved or collotdol! contaminaats
under conditions of uniform flow in a straight woterway of comstant
crom-gaction.

Considering amsport fongitudinaily by convection and lasesally ond
verticolly by diffusion (3.¢. neglecting longltudinal turbulent tromport ond secondory



convective currents) , equation (3) for negligable wave cetion reduces 1o

3¢ + u 3¢ = 3 (EydC) - 3 (Eydc) = O (4)
ot Sx dy v iz T %

in equation {(4) oll temporml voriotions dua to turbulence have been averaged

out,
Letting:
u {y,z) = u + u”(y,z)
and ¢ (X,¥,Z)= € (X) ¢+ ¢ (X,y,32)

where u”w spotiol variation of velocity
c”n spatial varlation of concentration ¢
and assuming that 9C and 3¢ Tihe longitudina! derivative of concentration variation),

ot 8x
ara much smaller than the other tarms in equation 4, Taylor (1954), obtained;

u” 3¢ - 3 (By3c”j.3 (By3c”) = o (5)
dX 3y Yy dZ 3z

For known values of EY and £, , equation {(5), con b solved for the distribution of

g

c™ .« The solution would apply only after an initial period in which convective mo-

vaments dominate the dispersion pattems (Fisher 1967). To dascribe the flow during

that period would require a numerical solution to the basic sjuation of convective

diffusion.

(2} Dispension process for suspended coataminant for uniform flow in «

straight waterwoy of constant cross-section ,
The Aris moment equotion method (Aris, [956) appean to be more promising

than the voriows analyticol approaches to longitudinal dispersion in open channel

How. Using me set of transformations given in oq. 6 Soyre, 1968); defining the loco!
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velocity by &3. 7 ; ond the local eddy diffusivity by sq. 8; eq. 3, for two-dimen-~

sional flow in o waterway in which ol 3 /3 ters equal zero, takes the form given

by eq. 7.

£ x-ft
n

Y/ ¥y

t = Bt/yp?

W= Uyp/E

v e Vy./E

where y,, is the normal depth ond 1 is the dispersion time.
uly,2) 2 4y t ley {y,2) 1 (7)

where y {y,z) is a function describing the variotion of velocity in the cross section.

Exsbya B2 E v (1.2 (8)
whnrcEi'lfhewmg;wiuuofrheddydiﬁulvifyinrliecmm:ﬁmund:p(y,z}.

is a function describing the distribution of eddy diffusivity. § ond y are properties

of the flow and arg independant on the properties of the dispanant,

A 3@_ (¥ 3¢, v,C) T ¥ 3%¢ = ¢ (3}
5€ ° 3E an an Ty

Equation ? is the Euleriandispgnion equation for sispended sediment where the

concentration,c { £,n,7T ), refers only to that component of dispersont which is

enirained in the flow. The initiel and boundary conditions for eq. ¢ are (Sayre, 1968);
o~ Initicl condition corresponding to an instantonesous uniformly-dis~

tributed plane source of the origin is;

t =0 ¢(E,n,0) = 0 for E0
(10)

G(E:ﬁ:Uj = e« at &=0

-,/ ¢ (E, n,0) A =1



b- Boundary condition due to the fall velocity term indicating no

transport or dispersion across the water surfoce.

n=lj * aC v o = 0
TR + s
? (11)

C- el a*"g—g-.+[l—8)\.igc+yw=0

Eq. tl permits the bed 1o behave either as an absorbing or a reflecting basrier and
also permits temporary storoge of the dispersant, Ineq, (li);a « bed absorbing
coefficlant W= (£.1) = omoupt of dispersant stored per unit oreo of bed surface;

and vy =« entroinment coefficient.
d- W _ . W

3T 3~ %Vs ¢ (§,0,7) - W (12)
£q. (12) is o statement of tha conservation of moss for the bad and describes the
deposition distribution function W (£, ¢ ).

A computer program for the numericol selution of equations ¢ and 12
would be prepored. Although o single run might require hours of computer time, such
program would be most helpful when the boundary conditions and ingut dota are core-

fully selected,

3} Dimian process for a dissolved 1 or t:nﬂe_&h_ljy ~suspended contami~

nants under wave oction in o stroight waterway of corsant cross=section
e et e i ST L ARG PSS Y OF COMMNS CRRsSacion
Considering tromsport longitudinally and vertically by both convection

and diffusion, eg. (3) reduces to;

+ +v0 - i
3‘% “g-x .5.__ .5._ (E .5.__ = {I‘:’-},,.a_;';,}---az (B, 32”} = 0 (133

in ag. (13) u is the mean volue of the harizontol component of particle orbital
velocity plus the mass tansport velocity and v is the meon walue of the vertical
compenent of porticle orbital velocity. For shallow water condition in which we arc
purticularly interested , the term v3> would be of negligable magnitude compared

3y
to u_@E

3%,




When the injection of the dispersant is adjusted with respect to z Yo maich the

flux of water in the porticular vertical , 3¢ w 0 ond ag. {13) tokes the
form; 4z

X ﬁ{xﬁ} E%EEY%%=Q (14)

£q. (I4) cannot be solved since this would require the perior knowledge
of Ex and Ey, . Ne conclusiva investigation of laterol ond longitudinal diffusion
under wove action hos as yet been made.

ANTICIPATED ACCOMPLISHMENTS
Umn:ﬂamnr lﬁﬁ i

Duting this period o numericol solution will ba prepared and field

experiments will be conducted for dispersion of dissoived or colloidnlly-suspended
conteminants under uniform flow of a straight watarway of constant cross-sections,

In this cose disparsion is described by:

w3 = 3 (B 3¢y + 3 (B, sc

For known volves of Ey ond E,, gq. (I3) can be solved for the distribution of ¢~
The solution would apply only after an initial period in which convactive mo~
vements dominate the dispersion pattem, To deseribe the flow during that period
a solution is needed to the basic equation of convective dispanion:

3{- + H%E=£*ny%%}+%{EZ%E} (15)
A numarical solution for { 15 ) would require knowledge of the dispersion
coefficients £, ond £, (assuming that dispersion is o diffusion process). in

this onalysis the following valves will be used: (Elder, 1959).

Ey = 5.9 dus (16)

Ly, = 0.23 du., (17)
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Field experiments will be corried out in the ARASCO Rivaer, At g typical section
of the river, the velocity profile will be measured and dye would be injected
at thot section. The dispersing dye cloud would be traced through several miles
of river flow.

(2) Flume studies on the dispension of o dissolved or colloidally-sus~
pended contominonts under wave action, will be conducted utilizing an existing
flume. The purpose of the axperiments would be to exomine the chonge in vertical

and longitudinal diffusivitiss in og. (14) with the energy wove spectrum,

3¢ + u 3¢ - 2 (Bx 3¢ ) ~_ 3 (By 3¢) = 0 (14)
at dx Ix 3X 3y 3y

Pye would be injected at the surface and clong tha width of the flume. The
dispersing dye cloud would be traced through the length of the wove flura by
sampling from selected stations, The experiments would be conducted for o cons-
tent water depth and o varying wave period and height.

The anticipated accomplishments above would complete the first

phase of this project.
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RECOMMENDATIONS

Since a wave flume equipped with a sediment supnly and sampting system
will not be available in the foreseeable future, it is recommended that completion
of the investigation be limited to its first phase. This fipst phase deals with colloi~
dolly-suspended contominants which behave as particles of the ombient fluid thus
allowing the use of dye as o dispersant, Two coses will be considered namely;

(1) The behavior of the mass transter coefficient in natural streams where
it is belloved thot transverse gradients of velocity overwhelm all other effects in
producing dispersion, The ANASCO River will be selacted for the study. Dye
will be injected a? o typical section of the river and tha dispersing dye cloud will
bf traced through the river flow.

(2} Yhe behavior of the mass transfer coefficient under oscillatory wove
motion. In this cosa it is believed that verticol and lateral diffusivities increose

with the anergy in the wove spectrum. This phase will be investigoted experimen-

tally in an available flume ofter its modification at a modest cost ; N0 © wave

chamnel ,
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Revisaed Financial Pion:
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Ai Prototype Study

“
& I~ Solaries and Wages
¢ 1) Principle I nvastigater
(equival ent to full tima for | /2 month) ? 2,062.50
it} Graduate Studont
(wquival ant to full time for 2 weeks) 250,00
iti} Chomist 300,00
iv) Field Technicion
( equivalont to full fime for 2 vigeks) 125.00
2. Expendable Equipment
Dye injeetion systom ___460.0C
Sube-totol 2,797.5C
B, Flume Study
. . Salaries and Woges

i) Principol | avestigator

{squivalent to full tims for | 1/2 month) 2,062.50
o i) Undergraduatc Studant
. (aquivaiant to full time for | 1/2 month)
iii} Laborotory Technician . 300.06
{oquivalont to full fime for 2 wooks 1o .00
4= Non-cxpandable cavioment
Wovg generator 540,00

Weave gbsarbor 30.00

3= Expendable equipment

% Dya injoction syater 49,00

A
Sampling systam ____%0.00
Subetatal 2,182.50

(S

4~ Proporation of final raport 30000




