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1 Green Process Efficiency
ηatom,i =

νi,desired product
νi,reactants

ηmass =
(nm̌)desired product∑

reactants
(nim̌i)

2 Emissions
Leaks: EVOC = fEwTOCNequipment

wTOC−wEt−wMe
wTOC−wMe

2.1 Charging an Empty Vessel
ni =

Vdispρi

m̌i
xi Ei =

piVdisp
RT m̌i

Pure or mixed solvent: P =
∑

i pi + pinert pi = γixip
⋆
i

2.2 Charging a Partially Filled Vessel
ϕA = 1 + nB

nA
ln nB

nA+nB
ϕB = −nB

nA
ln nB

nA+nB

Above surface: pi = xip
⋆
i

Subsurface: ⟨xA⟩ = xA, inletϕA + xA, tankϕB pi = ⟨xi⟩p⋆i
Immiscible, {xi = 1} : pi = p⋆i

3 Theoretical Oxygen Demand (ThOD)
Carbonaceous: CaHbOcNd +

(
a + b

4 − c
2 − 3d

4

)
O2 −→

aCO2 +
(
b
2 − 3d

2

)
H2O+ dNH3

Nitrogenous: dHN3 + (2d)O2 −→ dHNO3 + dH2O

4 Environmental Fate of a Chemical
V̌w = 1.8E−5 m3

mol pi = ciRT xi = cw,iV̌w mi = CiVi

Lipid-H2O partition:
Kow = Coctanol

Cwater
mT = CoVo + CwVw = Cw(KowVo + Vw)

Biomass-H2O partition:
Kd = Csoil/sediment

Cw
Koc =

100Kd
% organic carbon BCF =

Corganism
Cw

Air-H2O partition:
Hpx ≡ pi

xi
[atm] Hcc ≡ cair,i

cw,i

Hpc ≡ pi

cw,i
= HccRT = HpxV̌w

[
atmm3

mol

]
Mass balance: water, air, solids, sediment, fish
ET = Ea + Ew + Es =

∑
CxVx x ∈ {w, a, s, t, f}

Ca = CwHcc Cs = CwKd Ct = CwK
′
d Cf = CwBCF∑

CxVx = Cw (HccVa + Vw +KdVs +K ′
dVt + BCF · Vf)

5 Industrial Hygiene
Y = k1 + k2 lnV %(Y ) = 50

(
1 + Y−5

|Y−5|erf |Y−5|√
2

)
5.1 Volatiles

Vapour: Cppm = 0.08205
[
atmL
Kmol

] ( T [K]
P [atm]m̌[g mol−1]

)
C
[
mg
m3

]
TWA = 1

8

� tw
0

C(t) dt = 1
8

∑
i Citi

(TLV-TWA)mix =
∑

i Ci

(∑
i

Ci

(TLV-TWA)i

)−1

Cppm = ṁRT
εmV̇ Pm̌

× 106 0.1 ≤ εm ≤ 0.5 C% = Cppm × 104

5.2 Vapourisation

Cppm = kAp⋆

εmV̇ P
k = k


(
m̌


m̌

)1/3

5.3 Filling
ṁi = ṁevap + ṁdisp =

m̌ip
⋆
i

RT (εfV̇i + kiAσ) εf
=1, splash

=0.5, subsfc.

{T = T(l)} : Cppm =
p⋆
i

εmV̇iP
(εfV̇ + kiAσ)× 106

5.4 Miscellany
V̇hood = Aσ v⃗ 0.406 ≤ v⃗ ≤ 0.610 [m/s] LI = −10 log I

I0

6 Fluid Mechanics
∆P
ρ + ∆(v⃗2)

2α + g∆z +
∑

F̂ =
Ẇs,by
ṁ α≈1, turbulent

=0.5, laminar

V̇ = Aσ⟨v⃗⟩ = ṁ
ρ (ρv⃗) = ṁ

Aσ
ρ1Aσ1⟨v⃗1⟩ = ρ2Aσ2⟨v⃗2⟩

Hydrostatic column: P⊥ = P⊤ + ρgh

6.1 Force Losses
Re= ⟨v⃗⟩ρ�

µ f = �
ℓ

∆P
2ρ⟨v⃗⟩2

fsmooth, lam = 16/Re fsmooth, trb = 0.079Re−0.25

F̂straight pipe = 4f ℓ
�

⟨v⃗⟩2
2 = ∆P

ρ F̂fitting = Kf
⟨v⃗⟩2
2 Kf, straight =

4fℓ
�∑

F̂ =
∑
i

4fi
ℓi
�i

(
⟨v⃗⟩2i
2

)
+

∑
j

Kf,j

(
⟨v⃗⟩2j
2

)
H̃i =

F̂i

g H̃ = ∆P
ρg

7 Source Models
⟨v⃗⟩ = C0

√
2Pgauge

ρ C0
=1, laminar

=0.61, turbulent

ṁhole = ρA⟨v⃗⟩ = C0A
√
2ρ∆P V̇hole = C0A

√
2∆P
ρ

Liquid: ṁ = ρAholeC0

√
2
(

Pgauge
ρ + ghL

)
ṁ(t) = ρAholeC0

√
2
(

Pgauge
ρ + gh0

)
− ρgC2

0A
2
hole

Aσ,tank
t

hL(t) = h0 − tAholeC0

Aσ,tank

√
Pgauge
ρ + 2gh0 +

g
2

(
C0Ahole
Aσ,tank

t
)2

tempty = 1
C0g

Aσ,tank
Ahole

[√
2
(

Pgauge
ρ + gh0

)
−
√

2Pgauge
ρ

]
Gas: ṁ = ρAholeC0

√
2m̌
RTG

γ
γ−1

[(
P
PG

) 2
γ −

(
P
PG

) γ+1
γ

]
ṁchoked = PGAholeC0

√
γm̌
RTG

(
2

γ−1

) (γ+1)
(γ−1)

Breather vent: m = m̌p⋆U
RTL

(
TH
TL

− 1
)

8 Dispersion Models
Puff with instantaneous point source at hR above ground level and coordinate system on ground that

moves with puff:

⟨C⟩(x, y, z, t) = m
(2π)1.5σxσyσz

e
−0.5

(
y
σy

)2

×[
e
−0.5

(
z−hR
σz

)2

+ e
−0.5

(
z+hR
σz

)2
]

Plume with continuous steady-state source at hR above ground level and wind moving in x direction

at v⃗wind:

⟨C⟩(x, y, z) = ṁ
πσyσz v⃗x,wind

e
−0.5

(
y
σy

)2

×[
e
−0.5

(
z−hR
σz

)2

+ e
−0.5

(
z+hR
σz

)2
]

9 Fires and Explosions

L =
(∑

i
yi

Li

)−1

L ∈ {LFL,UFL}
L(T ) = L(25◦C)− 0.75

∆cH
(T − 25◦C) ∆cȞ =

∑
i yi∆cȞi

kcal
mol

CaHbOc + zO2 −→ aCO2 +
b
2H2O z ≡ a+ b

4 − c
2

LOC = LFLnO2

nfuel
= z(LFL)

ze ≡ r

m
1/3
TNT

mTNT =
ηexplosionmhydrocarbon∆cĤ

ETNT
P ∗ = peak overpressure

Pambient

E = RT
[
ln

Pg

P − 1 + P
Pg

]
9.1 Purging

yi − yoxygen =
(

PL
PH

)i

(y0 − yoxygen) ∆nnitrogen = i(PH − PL)
V
RT

V̇inertt = V ln C1−C0

C2−C0
OSFC = LOC

z−z LOC
21
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