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1 Green Process Efficiency

Vi desired product _ (M17) desired product
Tmass S (i)

reactants

Tlatom, i Vi, reactants

2 Emissions

Leaks: EVOC = fE wTtoC Nequipment L =t e

WTOC — WMe

2.1 Charging an Empty Vessel

Vi Viisp ~
n; = d|~pp7 Z; Ez — PqR;:\p iy

Pure or mixed solvent: P — > i Di + Dinert
2.2 Charginga Partlally Filled Vessel
pa=1+ Zf In 71A+n13 ¢B = 7% In nAnan

Above surface: p; = z;p}

Subsurface: <-TA> = TA inetPA + TA, ank®B
Immiscible, {z; =1} : p; = p}

Di = ViTiDy

*

pi = (:)p}

3 Theoretical Oxygen Demand (ThOD)

Carbonaceous: C,H,O.Ng + (a + % -5 3d) 0, —
aCO;z + (2 — 41) H,0 + dNH;

Nitrogenous: dHN3 + (2d)Os — dHNO3 + dH20

4 Environmental Fate of a Chemical
Ve =18E-51  p, = RT
Lipid-H,O partition:

Kow = %mm] mr = Cn‘/o + CWV = CW(KOW‘/O + Vw)

‘water

Biomass-H,O partition:

Ty = CW7iVW

_ Cioillsediment _ 100K, _ Corganism

Ka = VC\: Koo = %o organic cilrbon BCF = Cg'w
Air-H,O partition:

Hpy = ﬁ—i[atm] Heo = %

— P _ _ Y, t 3

Hpe = cZ:m- = Hee RT = Hp, Vy | 000
Mass balance: water, air, solids, sediment, fish

Er=E,+Ey+ E;,=> CVx x€{w,a,s,tf}

Ca = ngecc Cs = OWKd Cl = OWK(; Cr = CwBCF

Z C’x‘/x = C1w (%Cc‘/a + Vw + Kdvs + Ké‘/t + BCF - Vf)

5 Industrial Hygiene

Y =kt kalnV %(Y) =50 (14 F=Rerf0)

5.1 Volatiles

Vapour: Cppm = 0.08205 [?E(ﬁ] (P[atm]gg]mol’l]) c [%]
toy

TWA = %fo C(t) dt = %Zi Oyt

C;
(TLV-TWA)mix = Ez Ci (Zz m)

Copm = 5= x10° 01 <en<05  C%=

-1

Cppm % 10%

5.2 Vapourisation

. on1/3
kA m*
Copm = Em\;}p k =k (W)

5.3 Filling

=1, splash
€f—0.5, subsfc.

(EfV + kiiAU) x 108

M = Mevap + Mdisp =
{T' =T} :
5.4 Miscellany

Viood = AoT 0,406 < 7 <

TP (e4V; + ki Ao)

j— pl
Copm = V7

0.610 [m/s] Ly = —10log

6 Fluid Mechanics
AP + A(v ) +gAZ + ZF _ chy =1, turbulent

P =0.5, laminar

V=4, < > L (o) = p1A01(V1) = p2Ac2(V2)
Hydrostatic column: P, = Pt + pgh

L
A,
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m; = Cz‘/z

6.1 Force Losses

_ (9pZd _ 2 _Aap_
Re= =, f="T3r .
fsmooth, lam — 16/Re , fsmooth, trb = 0.079Re™ 2
Fstraight pipe — 4f%% = 4F Fﬁm’ng = Kf%

p
Al 0 (@7 ()3 7o B 7 — AP

K f, straight — e

7 Source Models

A 2 Pyuge = minar
(@) = Coy/=5™  Co_goilmbiien
Thole = PA(T) = CoAV2pAP  Vige = CoA QAP

Liquid: 11 = pAngeCon /2 (PT n g/iL>

2 42
m(t) = pAnoleCoy /2 (% 4+ gﬁo) — %ﬁzokt
2
i (t) = g — 4o [P o 4 g ((Gotr)
o, tan Plaauge 2 Pyange
Cog Aholek I:\/g——i_gﬁ' \/T:|
2
Y
Gas: 1h = pAnicCo\ | 7 527 {(15;) - (PT:) ]

G5
. ™ 2 v—1
Mchoked = PG Ahole CO I;ZTG =1 )

tempty

- *
. _ mp'U (Ty
Breather vent: m = BT (—TL

8 Dispersion Models

Puff with instantaneous point source at /ir above ground level and coordinate system on ground that

2
—05( 2
(2m)1 5(710'yaze OS(Uy) x
|:€_0'5<ZGZR)2 +e* 5(Z+AR) }

Plume with continuous steady-state source at /ig above ground level and wind moving in z direction
at Tyind:

2
; —0.5( L
(O a9, 2) = e (H)

iy et

moves with puff:

(C)(z,y,2,t) =

9 Fires and Explosions

-1
L= (zi %) L € {LFL, UFL}
L(T) = L(25°C) — RT3 (T — 25°C)
C,HpO; + 205 — aCO9 + %HQO
LOC = LFL2 = z(LFL)

H kcal

* mol

ACH:Ziyi
zEa—&—%—%

Texplosion T hydrocarbon AH P* __ peak overpressure
Err Pambient

J— T
Re = 173 TMTNT

TNT

_ Py _ i
E=RT[m% -1+ £]
9.1 Purging
P ‘ ; \%
Yi — Yoxygen = (ﬁ-{) (yO - yoxygen) Annitrogen = Z(PH - PL)W

’ C1-=C LOC
Vient = VIn G=Gr  OSFC = 1%
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