REACTOR KINETICS

6.1 INTRODUCTION

Of primary consideration in stormwater treatment ishow quickly apollutant isremoved. The changein the concen-
tration of apollutant dependsonfour factors: thereaction rate, the hydraulic regime, andtime. Thereactionrateisa
function of temperature and the nature of thebiotic or abiotic processthat drivesthereaction.

6.2 REACTION ORDER

What isareaction order

Thereaction order definestherelationship between therate of reaction and the concentration of the pollutant, given
by the equation:1®°

- dC = kC " (6.1)
ot
Where: C = concentration at timet
C,= initial concentrationatt=0
k = reaction or removal rate (1/day)
n = reaction order
t = time

The equation statesthat therate of changein the concentration isafunction of thereactionrate, k, and theinitial
concentration of the pollutant to an exponential power called thereaction order, n. Thesmplest form of thereaction
order isaswholenumbers. 0, 1, and 2. However, it need not be awhole number. Presented bel ow are modifications
of Equation 6.1 for threereaction orders.

If n=20:

C=cC, -kt (6.2)
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Chapter 6.

Theequation gatesthat theamount of reductionremains
the sameirrespective of theinfluent concentration for
thesamekt. For thesamekt, efficiency decreaseswith
increasing influent concentration. Negativeeffluent val-
uesoccur mathematically but not inredlity. For the de-
sired effluent concentration, C, thedetention or hydrau-
licresdencetime(HRT) toachieveagivenefficiency is.

H.= (C,—C)k (6.3)
Ifn= 1
C = Cge“ (6.4)

Where: H_, = hydraulicresidencetime

Theequation gatesthat the efficiency isindependent of
theinitid influent concentration of apallutant. For agiven
kt the efficiency isthe sameirrespective of theinfluent
concentration. If several samplesweretaken alongthe
length of awet pond or grass swal e the concentration
would befound to decrease exponentially through the
facility, dropping quickly inthefront of thefacility and
decreasing gradually towardsthe outlet. According to
Equation 6.4 the effluent value can never reach zero,
which more correctly representsthereal world thana
zero order reaction. Most mathematical formulations of
pollutant reductionin stormwater and wastewater treat-
ment presumeafirst order reaction. Thehydraulicres-
dencetimeto achieveagivenefficiencyis.

H. = (InC/C)/k (6.5)
Ifn= 2
C = C/(1 - Cky (6.6)

A reaction order can begreater than one, inwhich case
themathematical formiscomplicated by concentration
appearing in thereaction rate constant. Equation 6.6
datesthat reductionisafunction of theinitial concentra-
tion, aswell asthefina concentration. Thehydraulic
resdencetimetoachieveagivenefficiency is.

H.=C - C 6.7)
—kcc,

Toclarify thedifferent definitionsand symbolsof time: t
refersto any point intimethrough thetreatment system,;
T_(introduced in Chapter 5) refersto the nominal or
theoretical detentionwithout consderation for dead zones
and short-circuiting (basin volume/flow rate). Detention
timeisthe sameasthe hydraulic resdencetime (HRT),
asH_; inthe equations. Asthelatter terminology isthe
modernform, itisused through theremainder of thebook.

Thethreegenerd reaction ordersarerepresented in Fig-
ure6.1. Removal occursmost rapidly withn =0, and it
ispossiblefor the concentrationto reach zero. Itispos-
sibleto reach zero concentration for any valueof nless
than 1. At values of n equal to or greater than 1, the
remova tapersexponentially, and dowsin comparison
to the zero order reaction. Theoretically, 100 percent
removal or conversion of aconstituent never occursina
finitetime,

Theorder of areaction may differ depending upon the
initial concentration. M ost reactionsare zero order only
whentheinitid concentration of thepollutantisvery high.
Thereaction order becomes positive (n 0) asthe con-
centrationisreduced by thereaction. Asthe concentra-
tionsof pollutantsin stormwater are commonly low, re-
actionsin stormwater treatment arenot likely to bezero
order.
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FIGURE 6.1
Reaction order



