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Review: Toxics Model- CSTR with sediments

¢ Internal Transport Processes (between
compartments)
e dissolved: diffusion
e particulate: settling, resuspension & burial

* Expressed as velocities (e.g., m/yr)
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Solids: Mass Balance

Can be expressed
as: Qmy,

¢ In water column

Vl% =W, -Qm, —v,Am, +v, Am,
* in mixed sediments
dm
V, —%=v,Am, —v, Am, —v, Am,
dt
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Solids: Steady State Solution

¢ Fixed ratio of solids concentration in water column
and mixed sediments

\'

mz(: (1—¢),0)= ﬁml
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: New Ch h
Toxicant Mass Balance =

Can be expressed

¢ In the water colu as: Qc;,

d
Vi d_? =W; —Qc, +V4 A( fusCy — fdlcl)_ krViC, — Vv, Af i —V AF iC, +V, AC,

¢ In the mixed sediments

dc
V. d_t2 =V A(fos€y = F4sCo )= Kr VoG, +V Af i€y ~Vr AC, —Vp AC
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Steady State Solution

® Water column

QCin
C =
bQHkV, +v, Af +(1-F)(v, fo+vef)A

* Mixed Sediments

Vs fpl + Vd fdl

K,H, +v, +v, +v, f,,
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)Sf?dyjstate Solution

* Formulate total loss velocity
Vp =k Hy +v, fy + (v oy +v, f JA-F)

s 'pl
* which can be in the form of a total rate

= : %
Ky = %41 Andsince:  Hi="1/,

* At SS ¢ = Qc,,

- Q +\k1V1 TV, Afdl + (1_ Fr’)(vs fpl +Vy fdl)Ay
- i
¢ So this reduces to: K.l
¢ = or L Y
1 Q+K,V, Ci= i Where: A= ?1+ Kr
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/ﬂr;‘ﬂ.ﬂ = : ——
Sediment Feedback & k
¢ The ratio of sediment feedback to total sediment
purging
v, +vyfy,

F’:
r
v, +v, +vyf, +kH,

¢ The first-order constants ki and k2 incorporate various
decay processes

e Biodegradation
e Hydrolysis
* photolysis

David Reckhow CEE 577 #37

4/17/2013



CEE 577 Lecture #37 4/17/2013

Toxics Model: CSTR to a PRF

¢ Internal Transport Processes (between
compartments)
e dissolved: diffusion
e particulate: settling, resuspension & burial

* Expressed as velocities (e.g., m/yr)

Mixed Sediments (2)

Sediments (3

¢ Combine with advective flow
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Solids: Mass Balance

dm
* In water column Voo = Wiy = Qi =V, AT v, Am,
q 0 din. vy v Divide by V, and
= =1 g oty replace loadings with
dt dx H, H, advective term
¢ in mixed sediments o
V,—2%=v,Am, —v,Am, —v, Am,

dt

dmy Divide by A
Hz%dtz =V,m, —v.m, —v,m, -
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Solids: Steady State Solution

* Assuming that the sediments do not move
downstream

* mass balance on m, and therefore relationship
between m, and m, are identical for lake and river

mz(: (1—¢),0)= ﬁml

r
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Toxicant Mass Balance

d
V1 ﬁ _WT —ch +Vy A( fu 2Co — fu1c1)_ kT1V101 _VvAfruc1 -V Af plcl Ve Acz

dt
Divide by V, and
replace loadings with
¢ In the water column l' o
dc, de, Vv v \ v
—L=-U—2+-9(f,,c,— f,c)kc ——~ f,c,——f c+—LcC
dt dX Hl( d2%2 d1 1) T1¥1 H1 di~1 Hl p1~1 H1 2

dc
Vv, d_t2 =Vy A( fouli— T4 zcz)_ KroVaC, +V,AfiC =V AC, —V, Ac,

* In the mixed sediments 1 Divide by A
de,

2 dt
New Chapra approach
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=Vy (fdlcl = fdzcz)_ szHzcz + Vg fplcl —V,C, —V,,G,

Steady State Solution

* Formulate total loss velocity
Vr =k H; +v, oy, + (Vs For + Vs fdl)(l— B

* which can be in the form of a total rate

V.
K =%,
T H,

e and the ratio of sediment feedback to total
sediment purging remains:

v, + VR

F'=
"o+ y + v Ry, K H,
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Steady State Solution Earlier lake model
Qcin
O QI + v, ARy, + (1 F)(,Fyy + v Fa) A
¢ The water column solution is:

- L
C1 — C]_oe U Q+ KTV1

¢ and as before the sediment solution is:

l/s I:pl - Vd I:dl
&Hz tv ty VR
N
RZl
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Simplified Versions

* Level o
e no movement from sediment to water column
°*V.=0,Vg4=0

« therefore, F’. = o

VV VS
KT1 = k1+?1 fdl—i-?l fp1

* Now c, has no effect on c, and we return to a one
compartment model
« all time-variable solutions can be applied
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° Level 1

» Useful for modeling toxic metals
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Simplified Versions (Eont.)

* no volatilization, no decomposition

17

Solutions (cont.)

VV , Vs
K., =k, vy oy +(1- F)[ )
v, + vy Ry
v, +v, +v,Fy, +KH,
K, =Ky, fyp + K, f

pl ' p1

K, =k, , +K,f

Where: Fr’ =
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p2 " p2

v
fpl+ﬁ’1 fdJ

The ratio of sediment
feedback to total
sediment purging

18

4/17/2013



CEE 577 Lecture #37

Cr=Cyy gm0

e
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W
Q

Overview of solutions to toxic model

For Lakes:
C.. = ﬂ Where: A :3
T1 AV
For Rivers:
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e To next lecture
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