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Farr, and McWhorter ( 1990) and Lenhard and Parker (1990) developed
rwo methods to estimate the volume of recoverable LNAPL in an aquifer based on the
thickness of the LNAPL foating in a monitoring well. These methods are based on the
capillary soil propenties. One of the two methods is based on the determination of soil
properties as reponed by Brooks and Corey (1966). We will look at this method in
some detail using the derivation of Farr, Houghtalen, and McWhorer.

T as shown in Figure 5.19 is the difference between the depth 10 the water-ail
interface in the well, D2* and the depth o the oil-air interface, DY, The values of the
depth 10 the oil wble in the aquifer, 05", and the depth 10 the top of the capillary fringe.
D2, can be computed.

where

Py = the Brooks-Corey m-mwmu
P3" = the Brooks-Corey organic-water displacement pressure
&= the acceleration of gravity
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Equation 5.30 may be rewrinen as
PH
'”l-' -3 T—A—q—.—
B8 el
If any of the organic liquid exists a1 a positive pore pressure, then [ will be
greater than DY and from Equation 5.31,
T
i:u__..}' (5.32)

Sr:'u Sl CoMPow enir

If the organic liquid is all under tension in the capillary zone, then there will be
no mobile organic layer and no organic liquid will collect in the monitoring well Under
175w % these conditions, Equations 5.29, 5.30, 5.31, and 532 are not applicable. However, as

1-8u ( scon as free organic liquid appears in the aquifer, it will collect to a depth of & least

ﬁ%; i The iotal volume of nonresidual organic liquid in the vadose zone is given by

o '} .

%- 7 ¥= n{_l':.'.'n - s)ar- [0 - (5. + 8] -‘:} (5.33)
7, : it

M - where ! (Z)

(1 (2) / V, = the volume of organic liquid per uru area

\, |

. n = the porosity

Saturatus wih AARL S, = the water-saturation ratio
5, = the organic liquid saturation ratio
z = the vertical coordinate measured positively downward
5" = a value determined from Equation 5.30
07 = a value determined from Equation 5.29
g™ = the top of the zone where nonresidual oil occurs

Based on work by Lenhard and Parker (1987, 1988), the Suid-coment relations

LELATE Frunp are

F'ft"‘{-ﬂt He 5 — S5, =11- 5411(%) } + S =Py (5.34a)
T SATURATLOWTS S5+ 5 =1, PP < P (5.34b)
-4
S =(01- 5..:-(%) +8. P>FPF (5.35a)
d
L=1 P < PY (5.35b)
where

5, = the irreducible water saturation
4 = the Brooks-Corey pore-size distribution index

In addition,
PP = p gDV — (PTipg) - 2) + PT (5.36)
Fﬂ'
P'- ( — -'—L—-—I !,
o= glp, ﬁ..‘-'[ﬂt' T ]*H" (5.37)




Integration of Equation 5.33 for D§*™ > 0, using Equations 5.34, 5.35, 536, and 537,

yiekds the following. For 4 not equal 1o 1,
Yoruet oo " w[iﬂl—l)(z)-(!ﬁ)m] (5.382)
RES tDuAa 1-4 D
S For 4 equal to 1,
. V= nll = 5,1 - D1 +In T)] (5.38b)
ReesauT | e
nr Py
. SR
-1 D= -0z 02
' L
L Tol-002 v
If organic liquid above the residual saturation exists all the way 10 the land surface,
then D™ does not exist Under this condition integration of Equation 5.33 yields the
following. For i not equal 1o 1,
- e (222
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