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Outline

® How do we describe particles?

® How do we represent particle dynamics?




Martin Curve

F(z) = F1o0 (%)b

b=-0.973 — —0.319
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Some Philosophy

® Modeling as simulation
® Reproduce the data
e Fit simple functions
® Modeling as theory
e Use first principles to make predictions

o Allow for spatial & temporal variability

® Suite of models at different scales



How to classify particles?

Biogeochemical

. Particle Size
function

Flux contribution Speed

Particle Settling }

Ecosystem function [ Particle Type




Particle Size Spectra
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Depth (m)
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Variations in spectral slope

B) Cluster 2

C) Cluster 3 D) Cluster 4
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Coagulation Equation

dn(m,t)

&
dt 2

J;n B(my, m — my)n(m —my, t)n(my, t) dm;
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Coagulation kernels

dn(m,t) o
dt 2

Jo MG N (M — M, t)n(m;, t) dm;
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Coagulation Mechanisms

Differential
Sedimentation

Brownian Motion

Fluid Shear

B(ri,15) = 7t(Ti + 15)%Iw; — wy

B(ri, 15) = O.57trj2 Wy — wy




Stickiness

Stickiness: largely biological & chemical?
Transparent exopolymer particles - nanogels?




Nanoparticles

Assembly [ C Annealing

Dispersion Fragmentation

DOC polymers Nanogels Microgels
~5-50 nm ~100-200 nm ~3-6 pm

Assembly Annealing
K, B K,

> [NanoG] +[NanoG] =
K, K,

Dispersion Fragmentation

6[NanoGJ/ét = K;[DOC] - K,[DOC] 6[SAG]/ét = K;[NanoG], - K,[SAG]
- K;[NanoG], + K,[SAG]

Verdugo, Ann. Rev. Mar. Sci., 2012




Nano-gels

Polymers with stickinesss
varying along their length

Distribution of stickiness and
polymer rigidity affects

1 12 14 16 18 2 22 24 26 28 fraCtaI dimenSiOn, gEI Size)

log,((number of monomers)

Metcalfe et al,, J. Coll. Int. Sci., 2006 aggregatiOn t| mes




Settling

dn(m, t)

&
dt 2

J: B(m;, m — my)n(m —my, t)n(m;, t) dm;
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—oan(m, t) Jo B(m, m;)n(m;, t) dm;
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Settling Velocity Traps
1000

© March-May - 200 m - SV1
A March-May - 200 m - SV2
O May-July - 200 m - SV1&2
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Sample tubes

Mass flux (mg m-2 d-1)
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Input/Growth

dn(m,t)

&
dt 2

J;n B(my, m — my)n(m —my, t)n(my, t) dm;
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—an(m, t) Jo B(m, mj)n(m;, t) dm,;
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Sectional Approach




Mass Balance

Total System Mass Balance: Steady State Value = 1
T T

Gains/Losses

| |
50 100
Time [d]

Cagulation losses/settling losses: Steady State Value = 2.6765e-08

(Coag Losses)/(Settling Losses)

Time [d]




Integral Models

A F
Mass concentration =% __ ¢
ST

. d F
Number concentration =¥ __ b
rralll A

OO

w(d)n(d) dd Fop = JOO C(d)w(d)n(d) dd
do

.Jdo

OO

) (Bshear(d1, d2) + Bas(di, d2)) n(di)n(d2) dd; dds

n(d) =Ad °

Based on Kriest & Evans, Earth & Planetary Sciences, 2000







Size spectrum comparison

— Sectional Initial

- - - Integrated Initial
Sectional Final

— Integrated Final

-3

107
Diameter [cm]




—
o
&

o
7]
<
©
o
N
@
S
o}
a
?
S
L,
b

Sectional Initial
Integrated Initial
Sectional Final
Integrated Final

107
Diameter [cm]




Flux Comparison
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Biological Processes
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Chemical Processes

Constant

Transport Limited
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Santschi (1989)
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Multlple Particle Types

Three particle types (algal
cells, fecal pellets, aggregates)

Burd et al, Deep-Sea Research 1, 2007

Each follows a separate log-
normal distribution.

Each particle type has settling
velocity law, carbon content
etc.




Coagulation
coupled to an
ecosystem model
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Conclusions

® Need a combination of modeling approaches

e Detailed mechanistic models & data comparisons
on the same scales & same information

Computationally efficient models that capture the
dynamics and can run in large scale models

® Need to assess the assumptions built into the
models

e How do assumptions (scientific & numerical) affect
interpretation of results?

® Models & data need to inform each other




