Lecture Flve

5. Advection and diffusion of an
instantaneous release

The diffusion of a cloud in a static fluid was examined in Chapter 3. This
chapter takes things one step further and looks at the simultaneous
advection and diffusion of an instantaneous release in a uniform flow.
The cloud structure studied in Chapter 3 still holds here, as there is a
Gaussian concentration distribution about the cloud's center of mass,
which now moves at the flow velocity. The distinction between spatial
and temporal records of concentration is also examined. The use of the
Peclet number in determining the relative importance of advection and
diffusion in scalar transport is strongly emphasized. If systems are
dominated by either advection or diffusion, it becomes simple to
determine the time taken for a chemical to be observed at a given
distance from the release.

The example problems test one's ability to simplify analyses based on
the Peclet number, and to distinguish between spatial and temporal
records of concentration.

5. Advection and Diffusion of an Instantaneous, Point Source

In this chapter consider the combined transport by advection and diffusion for an
mstantaneous point release. We neglect source and sink terms. For 1sotropic and
homogeneous diffusion the transport equation reduces to,

2 2 2
(1) £+u£+v£+w£=D[ac s BC]_

For simplicity we begin with a one-dimensional system in X, i.e. all flow parameters are
uniform in y and z, such that d/dy = 0 and d/dz = 0. The transport equation reduces to,
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This equation describes transport in the model system below. Into this system we release
an instantaneous, point mass, shown as a gray slab, at x =0 and t = 0. The mass is
distributed uniformly in the y-z plane and with negligible dimension in x, such that the
initial concentration is C(x) = M 8(x), where 8() is the Dirac delta function.

perspective view at t = 0

AY x=0
area I
= u q > X
NV
top view at t >0 x=0 X = ut
> X
u* 0=x-ut

To solve (2) for C(x) = M 8(x), it is useful to change the frame of reference from the
stationary coordinates (x, t) to the moving coordinates (6, t). The longitudinal coordinate
0 = x — ut, shown in the top view, moves with the mean flow, u, and 6 = 0 remains at the
center of mass for all time. We convert (2) from (x, t) to (0, t) using the chain rule of
differentiation and by noting that 96/dt = -u.

9CO,) aCap aCa  aC oC

at 90 at  at at 9 ot
aCO,t) aCab aC at aC

=———=

0x d0 ox oJt ax 9O
9°C(6,1) 9’C
x> a0°

(3)

Substituting from (3) for dC/at, dC/dx, and 9*C/ax%, (2) becomes,

aC 8*C
4 —=D .
(4) o e
With the initial condition C (8 = 0, t =0) = M 3§(0), the solution to (4) is (eq. 10, ch. 3),
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M 2
(5) C(8,1) = Wexp{-ﬁ [4Dt).

Converting back to the stationary frame of reference, we arrive at

_—M - - 2
6) C(x= A Tan; PO [4D)

Instantaneous, Point Release in One Dimension
Transport equation: —+u—=D —=
Initial Condition: C=MJo(x)att=0.

exp(-(x -ut)’[4Dt).

M
)2 ——
U= o

The concentration field described by (6) is depicted in the Figure 1. An important feature
of this solution is that the argument of the exponential is zero at the center of mass, i.e. at
X = ut, and the maximum concentration, C,, = M/{/4xDt , always occurs at the center of
the mass. As seen previously, the length-scale of the diffusing cloud is set by o = V2Dt .
Since the spatial position of the cloud, x, is coupled to its temporal evolution through the

steady advection, i.e. t = x/u, both C_ and o grow predictably downstream. Specifically,

0 =+2Dx/u and C, ~x"?.

172 < x-172

e

o= (2Dy)12

Page 3|15



Lecture Flve

Figure 1. Evolution of concentration field after an instantaneous release of point-mass in a one-
dimensional system with steady advection, u, and diffusion, D. Profiles in red, blue, and green
represent C(x,t), at t = t,, t,, and t, respectively. The peak concentration decays at t'* and x™'?, as
indicated by the dashed line.

Instantaneous, Point Release in Two and Three Dimensions:

That the argument of the exponential term 1s zero at the center of mass can be used to
quickly devise a solution for any system with multiple components of velocity,
anisotropic diffusion, and mass released at an arbitrary position (X, Y, Z,). In this
system, the center of mass traces the trajectory (x = X+ ut, y = y,+vt, z = z,+wt). The
concentration field follows from the solution for an instantaneous, point-mass release in a
stagnant system, derived in chapter 3, with the arguments of the exponential term
adjusted to zero along the above trajectory.

Instantaneous, Point Release in Two Dimensions
L, = length-scale of neglected dimension

aC aC aC ¥C 9°C

Transport Equation: — +v—=D, +D,—
Bt 8)( ady ax’ Eiy
Initial Condition: C =M d(x-x,) O(y-yp) att =10
- x. - ut) v -vt)>
Cix,y,t) = exp XX uhT (Y- Yoo VO
L, 4mt ‘/DXD), 4Dt 4Dt
Instantaneous, Point Release in Three Dimensions
d d d d 0 d 0
Transport equation: ¢ —+ u—C+ v—C+ w A =D, —(2: +D, 2(; +D, ¢
dat dx dy iz ox Y ay 9z’
Initial Condition: C =M d(x-X,) d(y-y,) d(z-z,) att =0
M - X, —ut)’ -y, = vt)? -z, —wt)’
C(x,y,z,t) = — exp XX mut) (Ym¥e VO (22 - WO
(4mt) “JDKD},DZ 4D t 4D t 4D t

Example Problem: Mass, M, is injected at x =0 cm, y =50 ¢cm, and t =0 s into a two-
dimensional system with constant, uniform velocity, u = lcms™ and isotropic diffusivity,
D =2 cm’s”. The center of mass follows the trajectory (x = ut, y = 50 cm). The resulting
concentration field follows from the two-dimensional solution given above,
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- ut)’ - 50)°
Concentration field: C(x,y,t) =———exp (- (x-ut)” +(y )\ )
L, 47Dt 4Dt )
Here z is the neglected dimension with length-scale, L,. Concentration 1s measured at
three points in the system. Probe A is located at x, = 100 cm, y, = 50 cm. Probe B 1s
located at x; = 250 cm, y; = 50 cm. Probe C is located at X, =250 cm, y. =0 cm.

1. Estimate the time at which the peak concentration will be observed at each probe.

2. Estimate the physical length of the cloud at the time the peak arrives at each probe.

3. Estimate the duration of time that the cloud is observed at station.

4. Compare the maximum concentration observed at each probe by estimating the ratios
CAmaxf CBmax and CBmaxf CCmax‘

Answer.

1. The peak concentration will be observed when the center of mass passes each probe.
The center of mass advects at u = 1 cms™. Thus, for Probe A, located at x A =100 cm,
the peak concentration will arrive at t, = x,/u = 100cm/lcms™ = 100 s. The peak
concentration arrives at probes B (x; =250 cm) and C (x =250 cm ) at t; = t-= 250 s.

2. The length-scale of the cloud is estimated as L = 40 (Ch. 3, eq. 14). At probe A the

cloud willbe L, =40, = 4/2Dt, = 442 x 2cm’s™ x100s = 80 cm. At probes B and

Cthecloud willbe Ly=L.= 40, = 4,’2DtB =442 x2m’s™ x250s =126 cm

3. Assuming that the cloud does not grow in the time that it takes to pass the probe, we
estimate the duration the cloud is observed, At, using the cloud length and the velocity.
At Probe A, At=L,/u=80s. AtBand C, At=L;/u=126s. Remember that these
estimates define the cloud by a fixed fraction of total initial mass. The actual duration
that the cloud is observed will also depend on the detection limit of the probe.

4. The peak concentration at each probe location is readily found by evaluating the full
solution above at the position of each probe and the time of peak arrival.
Probe A: C,(x = 100 cm, y = 50cm, t = t,= 100s) = M/(L 4nDt,)
Probe B: Cy(x =250 cm, y = 50cm, t = tz= 250s) = M/(L4nDty)
Probe C: C(x =250 cm, y =0 cm, t = t;= 250s) = [M/(L4nDt..)] exp(-50*/4Dt)
Thus, Cpor/Crma = ta/ta=xXp/X,= 2.5; and Cg,,,/Cyax = €xp (-507/4Dt) = 0.29

Now view the animation on the chapter 5 homepage and confirm that the time- and
length-scales derived above are consistent with the full spatial evolution of the cloud, as
described by the above equation and depicted in the animation. Note that each probe
records a Gaussian-shaped profile, including the probe positioned off-center, i.e. Probe C.
The peak concentration decays at C,,, ~ X" ~t".
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Spatial and Temporal Records of Concentration:

In practice there are two ways to observe a distribution of concentration. First, one can
measure the concentration everywhere in the flow at the same time. From this type of
observation one can recreate the full spatial concentration field. While this is feasible in
a laboratory where spatial scales are small, it is nearly impossible in the field. In the field
it is more common to sample at a single or limited number of fixed positions and record
the concentration at each position over time. For the purpose of interpreting field data, it
1s necessary to relate spatial and temporal observations. Consider an instantaneous,
point-mass released in a one-dimensional system, for which the concentration field is
described by (6). Figure 2a depicts the spatial distribution, C(x), at two points in time.
To directly measure C(x) requires many simultaneous measurements along the x-axis.
For comparison, consider observations made by two probes located at fixed positions, x,
and x,, which record continuously over time. These records are shown in Figure 2b.

The curves in 2a and 2b represent the same cloud at different times and spatial
positions. First, note that on each set of curves (red and blue) B marks an identical
measurement at (x,, t,) and (X,, t,), respectively. Second, the spatial distribution, C(x),
visually preserves the orientation of leading (C) and trailing (A) edge of the cloud. In the
temporal distribution these are visually reversed, such that the leading edge (C) appears
to the left of the trailing edge (A), as the leading edge is encountered first. Third, the
temporal record C(t) appears skewed to the right (positive time), but the spatial
distribution, C(x), is symmetric. Specifically, in Figure 2a the length scale of the cloud
downstream of the peak, o —, 1s identical to its length scale upstream of the peak, o +.
In C(x), 0 — and o + have dimensions of length. In C(t), 0 — and o + have dimensions
of time, and o + is distinctly less than o — (Fig. 2b). The skew in C(t) arises because the
cloud continues to grow, o ~ t'*, even as it passes position X,, such that the trailing edge
of the cloud is longer as it passes X, at t > t, than the leading edge of the same cloud was
as it passed x, at t <t,. The distinction between an apparent skew, as seen here in C(t),
and a real skew in mass distribution recorded in C(x) is important because skewness in
C(x) indicates a non-Fickian diffusion processes. If the spread of mass follows Fick’s
Law, the mass distribution will be symmetric. Chapter 8 will introduce several
mechanisms that contribute to the spread of mass but which can be non-Fickian and can
produce skew in the mass distribution.

A
C(x) B
Figure 2a

! \ g O= (2Dt)1/2

.4} X

Oo— |O+
A C
A X

X =ut; Xp=ut,
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A
C(t) B
X1
Figure 2b
\ o = (2Dt)1/2
B
X
c AC oO+| O-— A .
l1= Xll’ll t2= le'l.l

Peclet Number

The Peclet Number is a dimensionless parameter that indicates the relative importance of
advection and diffusion to the transport of scalars in a given system. If we describe the
advection and diffusion in terms of characteristic time scales, the Peclet number is the
ratio of these time scales. The time scales are defined by dimensional constraints, i.e. the
only combination of length scale, L, and flow speed, U, that yields a unit of time is

Advection Time Scale = T, ~ L/U.
The only combination of length, L, and diffusion rate, D, that yields a unit of time is
Diffusion Time Scale = T, ~ L*/D.

The Peclet Number is then the ratio of these two scales.

T L
Peclet Number, Pe = -2 = U—
T, D

When T, << T}, transport by advection is faster than transport by diffusion, and we say
that the system is advection dominated. This corresponds to Pe >> 1. If Pe << 1,

diffusion dominates. The advection time scale T, s, in fact, more than just a dimensional
construction. Physically, it is exactly the time required to travel distance L at speed U.
This is not true of the diffusion time scale T;,. To define a more exact diffusion time
scale, we must consider a specific model for the diffusion process. If we assume Fickian
diffusion, then we can define the edge of the cloud as being 20 from the center of mass.

Mass originating at x = 0 is estimated to reach x = L by diffusion when 20 = 2Dt =L.

Page 7|15



Lecture Flve

This occurs at T,, = L*/8D. Using this revised time scale, we estimate that transport by
diffusion will be faster than advection when T, << T}, , or Pe = UL/D << 8. Thus, we
refine the scaling estimate by applying a physical model for diffusion. The refinement
indicates that for Pe >> 8 advection dominates and for Pe << 8 diffusion dominates.

Figure 3 compares the concentration records observed in three different systems with
Pe = 8000, 8, and 0.08. The upper graph shows the spatial distribution of concentration
80 seconds after an instantaneous injection of mass at x =0. The lower graph shows the
temporal observation of concentration at the fixed point x = 80-cm.

Concentration at 80 seconds Concentration at 80 cm
—Pe = 8000 —Pe = 008 —Pes = 8 —Pe = 8000 —Pe=008 —Pe = §
1.00 1.00
g ] § P i
2.).50 ) ).50
8 j/ \ O
j \k ]
0.00 T T T T 0.00 - T T T
0 20 40 60 80 100 0 40 80 120 160 200
x [m) t [sec]
Ulems?] | D[em’?] | L[em] | Ty=L/U[s] | T,,=L%8D [s]
Pe =8000 | 1 0.01 80 80 80,000
Pe=8 0.5 5 80 160 160
Pe=0.08 | 0.01 10 80 8000 80

Figure 3. Concentration observed for Pe = 0.8, 8, 8000, normalized by the peak concentration in
each system at t = 80 seconds. System characteristics are summarized in the table above.

Consider C(t) shown in the lower graph of Figure 3. These curves show the arrival of
mass at X = L = 80 cm from the point of release. When Pe = 8000, advection controls
transport, and mass arrives at the advection time scale, T;, =80 s. When Pe = 0.08,
diffusion controls transport, and the mass arrives at the measurement station in the
diffusion time scale, T,, = 80 s, rather than the advection time scale, Ty, = 8000 s.
Finally, for Pe = 8, the diffusion and advection time scales are identical, T, = T,, = 160 s,
but neither is a good estimator of the arrival of mass.

Scaling the Transport Equation
The Peclet number also emerges through scaling the governing equation. For simplicity,
consider a one-dimensional system in X with mean velocity, U, and a constant diffusion
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coefficient, D. We consider the concentration observed over a test section of length L
observed for time scale t,. The governing transport equation for this system is

dC  aC 9°C
—+u—=D —
ot Jx ox

(7)
To determine what processes are most important, we compare the magnitudes of each
term. To do this we must recast each variable into a dimensionless form of O(1). For
example, we use the test section length, L, to scale the distance x, such that the
dimensionless distance x* = x/L will be O(1) within the test section. Similarly we define
C*=C/C,_;u*=u/U; t*=t/t;,. We use the new variables to replace C, u, x, and t in
(7), and note that dx* = dxJx to find

C aC” UCu* aC* DC o C
- * = 2 wl .

—+
t,ot L ax L ax

(8)

We then divide each term by DC/L’ to arrive at the dimensionless equation

L’/D aC’ UL ,aC" 9*C*

—1u = —

9) t, ot R R ax"’
o) Pe  O() o)

unsteadiness advection diffusion

Since each starred variable is O(1) by construction, we can compare the unsteadiness, the
advection, and the diffusion terms simply by comparing the dimensionless prefactor of
each term. For example, the diffusion term has no pre-factor, and so the magnitude of
this term is simply O(1). The advection term has the pre-factor UL/D, which defines the
Peclet number. If Pe >> 1, then the advection term is larger than the diffusion term,
which is O(1). To first order then, the diffusion term can be neglected. Similarly, if Pe
<< 1, the advection term can be neglected. One can determine the scale of the unsteady
term by the magnitude of the prefactor, L*/Dt,. For example, if Pe << 1 [diffusion
dominates] and Lzz’Dt0 >> |, then unsteadiness in concentration will be observed over the
time-scale of interest, t,. If, L2/Dt0 << 1, then no unsteadiness in concentration will be
observed (to first order) over time t,.

EXERCISE WITH SOLUTIONS

Problem 5.1. One gram of dye is injected into a long, thin tube and instantly mixes
across the cross-section, A = 1 cm”. Water is pumped through the tube at Q = 0.1 cm’s ™.
Assume that the flow 1s uniform across A. If the flow 1s laminar, assume a molecular
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diffusion coefficient, Dy = 10° cm’s™. Otherwise, assume D = 100 Dy,. The
concentration is measured at X = L = 100 cm downstream from the injection point.
Estimate the length of the dye patch as it passes x = L and the maximum concentration
experienced at this point.

Problem 5.2. A 1-kg mass of dye is dumped into a 10-m” channel at a location designated as
X = 0. Downstream, at x =L = 100 m, the concentration of the dye 1s measured. The test 1s
repeated for three different flow rates, u=10.001, 0.1, 1 ms™. For simplicity, the diffusion
coefficient is D = 1 m’s™ for each condition.

a) For each case estimate the advection and diffusion time-scales, and the Peclet Number.

b) The curves below represent the three cases. Label each curve with the appropriate Peclet
number.

¢) For which curves will the peak concentration observed at L occur at the advection time
scale? Calculate the peak concentration for these cases.

d) The injection of mass required 10 seconds. Considering the other relevant time scales,
can this mnjection be considered instantaneous?

Concentration at 100 m

0 2000 4000 6000
t [sec]

Problem 5.3.

You are the safety officer for a new factory with a permit to discharge a treated waste
stream into the center of a river at a flow rate of 2 m’s™. The river has a square cross-
section with an area of 20m’. Under standard operating procedures the discharge is fully
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treated before release. The discharge is monitored, and if the chemical concentration in
the waste stream becomes elevated above a safety threshold of 100 mgl the factory will
shut-down. However, the response time for the shut down is 100 seconds. You are asked
to prepare an environmental impact report for a fish hatchery located 1-km downstream
of the plant. The hatchery draws water from the river to flush the hatchery tanks. Based
on studies ofl chronic exposure to juvenile fish the safety standard at the hatchery 1s set at
C=05mgl

Write an expression describing the concentration experienced at the hatchery. Then, for
each scenario below find the peak concentration and the duration of exposure at the
intake to the fish hatchery. Then describe the exposure threat - considering duration and

level - for each flow regime and state whether you would issue a water quality warning.

Case 1: High Discharge. U =50 cms'l_, D.=10 11125'1_, Dyv=Dz=0.1 m’s™
Case 2: Low Discharge. U=2 cms'l, Di=1 11123'1, Dvy=Dz=0.01 m’s’

Hint 1 - Start by defining the system dynamics using time scales

EXERCISE - SOLUTIONS

Answer 5.1.

First, determine if the flow is laminar. The velocity in the tube is U= Q/A = 0.1 cm/s.
The diameter of the tube is d = /(4/T)A = 1.13 cm. The Reynolds number is Re = UD/v

= (0.1 cn/s)(1.13 em)/(0.01 em?s™) = 11.3 << 2100, the limit for laminar flow.

Here, Pe = UL/D = (0.1 cr/s)(100 cm)/(10” cm”s™) = 10°. Since Pe >>1 the arrival of
the dye at L can be estimated by L/U = 1000 s. At this time the dye patch will have a

length, 46 =4 V2Dt = 4J 2(10”cm’s ")(1000s) = 0.57 cm. The maximum concentration
will occur when the center of mass passes that point, 1.e. at t = L/U. So, the maximum
concentration will be C (x =L, t=L/U = 1000s). Since the mass mixes instantly across
the cross-section, and the flow is uniform across the section, the system is effectively one
dimensional. The concentration resulting from an instantaneous point release is

C(xt)= ﬁ exp(-(x - ut)’>/4Dt).

Evaluated at x =L and t = L/U, we have C (x =L, t =L/U) =

M B lg
AY4nDL/U  lem?{4m(10~ cm?s™)(100 cm)/(0.1 cmny/s)

=282¢g cm”
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Answer 5.2.
a) and b) For all cases the length scale is L = 100 m and the diffusion rate D = lm’s™.

U [m s-1] Diffusion: Tp = L7/8D | Advection: T=L/U | Pe = UL/D Curve
0.001 1250 s 100,000 s 0.1 Blue
0.1 1250 s 1,000 s 10 Green
1 1250 s 100 s 100 Red

¢) For Fickian diffusion, the peak concentration occurs at the center of mass which
arrives at the advection time scale, 1.e. at time Ty the peak concentration in the cloud will
be located at L. However, the peak concentration observed at L will not necessarily
occur at Ty. This 1s because the magnitude of the concentration is changing as the cloud
passes the measurement point. If the cloud is passing very slowly (Pe << 1), the
concentration may decline considerably as the cloud is passing, such that the peak
concentration seen at L will occur before the center of mass arrives. If the concentration
changes very little as the cloud passes (advection is faster than diffusion, Pe >>1) the
peak concentration observed at L will correspond to the advection time scale. We expect
this to occur for the Red and possibly the Green systems.

To find the concentration we must first determine whether the cloud is three-, two-, or
one-dimensional as it reaches the measurement position. This will depend on the time
required to mix the dye across the channel area, A = 10 m”>. If we assume a square cross-
section, then the width and depth of the channel 1s, Ly =L, = V10 m. The mixing time-
scale (see chap 4, eq 24), is t; = L;" / 4D; = 10m*/(4 m’s ") = 2.5 s. For each curve both
Tp and Ty >> 2.5 s, so we can safely assume that the dye 1s well-mixed across the
channel when it arrives at L. Thus, we can use a one-dimensional solution to estimate the
concentration observed at L at t = L/U.

M 1000g 3
—_— — - = =282 gm~.
AY4nDt  10m*J4rn(1m’s™*)(100s)

Red Curve: C (x=L,t=L/U)=

This value 1s consistent with the peak concentration observed at L.

1000
For the Green Curve C ( x=L, t=L/U ) = £ =0.89 gm™

10m’ y/47(1m’s 7)(1000s)

This value 1s also consistent with the peak observed concentration.

1000
: = ~0.09 gm™
10m’ y4m(1m’s )(100,000s)

For the Blue Curve C (x=L, t=L/U ) =
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This is LESS than the concentration observed at L at t = 4000s (C = 0.25 gm™). For this
case the peak concentration observed at L occurs before Ty, 1.e. before the center of mass
passes L. This 1s because the concentration in the cloud 1s dropping off faster (via
diffusion) than the center of mass can travel (via advection), consistent with Pe << 1.
The spatial distribution, C(x), for this condition is shown below.

U=0.00lm/s, D=1m2/s, Pe=0.]

—t=2000s

0.80

—t=4000s

—t=Tu=100,000 s

0.60

r~_

| |

@)
0.20

Up - \
———_
£ 0.40

N\

N>

0.00

TS

0

100

X [m]

200

d) We are interested in the concentration observed at L = 100m. In all cases the
transport time scale for this location 1s 100 s or more, which 1s much longer than the
injection time scale. For this reason the injection can be assumed to be instantaneous.

Answer 5.3

Start by defining the system dynamics using time scales
We are interested in predicting the concentration at L =1000 m. Because 1) the channel
1s square; 2) Dy = D,, and 3) the discharge 1s at the center of the channel, the time to mix
across the cross-section 1s, Tyix = 201112/(4Dy). All time scales are given in seconds.

Case (U Dy Mixing D, Diffusion Advection | Pe=LU/Dy
[ms?] | [m’s"] | Tux=20m?*4D, | [m’s'] | Tp=L*/8D, | T,=L/U

1 0.5 0.1 50s 10 12500 s 2000 s 50

2 0.02 0.01 500 s 1 125000 s 50,000 s 20
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In both cases Tix << Tp and Ty, so we can assume that the chemical 1s uniformly
distributed in y and z long before it reaches the hatchery. Thus, we can use a 1-D
solution to describe the concentration experienced at L = 1000 m. In addition, the release
time [100 s] 1s also very short compared to either transport time scale, which justifies the
use of an instantaneous release model. Finally, since concentration is uniform in y and z,
no images are needed to correct for the no-flux boundaries, i.e. the condition éC/cy =0
and 06C/dz = 0 1s met at the boundaries because it 1s true everywhere after t = Ty, With
these approximations we represent the concentration at the hatchery as

C(x=L,1)= ——— (L_‘“)J.

A,M Dt )G’[ 4Dt

The total mass released is M = (2m*s™)(0.1g 1")(100 s)(1000 1 m™) = 20000 g or 20 keg.
The solution C (x =L, t) 1s plotted below for case 1 [solid line] and case 2 [dashed line]

Concentration at L=1000 m

= 20
~
o
E 15 ]
c ——
2 - Sk
o - -.‘
® 1.0 L ..
= rd *~
= 7’ S
o 05 ey
E ‘ Saa
& ., L a
0.0 e e e e B
0 5 10 15 20 25 30
Time [hr]

From the above graph, we describe the following exposure conditions. For Case 1, the
high flow conditions, the exposure concentration has a peak of 2 mgl™ and it exceeds the
standard for about 1/2 hour. For Case 2, the low flow conditions, the exposure
concentration has a peak of 1.3 mgl™ and it exceeds the standard for 13 hours. In both

cases the exposure is not chronic exposure therefore the application of the standard is
ambiguous. However, if it 1s feasible to shut off the hatchery intake for the duration of
exposure, this 1s the safest action to take.

We could also estimate the peak and duration of exposure as follows.
Since 1n both cases Pe >1, the peak arrives at the advection time scale, 1.e.
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M
Coax = C(x=L, t=Ty) =
A

J4nDT,

20,000 g
20m’y4 7 (10 m’s™)(2000s)

For Case 1: Cpax= =2 gm” =2 mgl”

20,000 g

— =13 gm” =1.3 mgl”
20m y/4 (1 m's™)(50,000s)

At the time the peak passes, the chemical cloud has length, 46 = 41/ 2D, T, . Ifwe

assume that the cloud does not grow as it passes X = L, then this translates into a duration
of AT = 40/U.

For Case 2: Cpax =

Case 1: AT =4c/u = (42D T, )/u = @Jzat)m-’s‘l)zooof; )/(O.Sm/ s)=1600 s = 27 min.
Case 2: AT = (4.J2DXTU )/uz (4‘/2(111133_1)50,0003 )/(0.02111/3)2 63,246 s = 17.6 hours.
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