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1.0 INTRODUCTION 

1.1 Site Name and Location 

Facility Name: Hawthorne Army Depot 
Site Location: Hawthorne, Nevada 
Operable Unit/Site: Solid Waste Management Unit (SWMU) K03F 

1.2 Statement of Basis and Purpose 

This Decision Document describes the rationale for the selected remedy of No Further Action 
(NFA), industrial scenario, at SWMU K03F at Hawthorne Army Depot (HWAD) Hawthorne, 
Nevada, (hereafter referred to as SWMU K03F) (Figure 1).   

Remedial investigations of hazardous substances, pollutants, or contaminants at SWMU K03F 
have demonstrated that: 

 Total Petroleum Hydrocarbons as Diesel (TPH-d) was detected at a concentration above 
State Corrective Action Level of 100 milligrams per kilogram (mg/kg); and 

 Fate and Transport Modeling of residual TPH-d contamination indicates petroleum does not 
pose a significant risk to human health or the environment. 

1.3 Description of Selected Remedy 

It has been determined that no remedial action, with the implementation of an administrative 
industrial land use restriction, is necessary at SWMU K03F.  Based on investigative results, the 
Army, with concurrence from the Nevada Division of the Environment (NDEP), has determined 
that no significant risks or threats to human health or the environment exist at this time.   

1.4 Regulatory Setting 

The U.S. Environmental Protection Agency (USEPA) provides regulatory oversight of 
contamination assessment and corrective measures at Resource Conservation and Recovery 
Act (RCRA) SWMUs under Section 3004 (u) of the 1984 Hazardous and Solid Waste 
Amendments to RCRA.  Corrective action for releases of hazardous wastes or constituents is 
required under 40 CFR Part 264.101 (a), (b), and (c).   

The HWAD also maintains RCRA Permit No. NEV HW0017 (renewed in August 2005), which 
requires corrective actions for any hazardous waste or hazardous constituents released from 
any SWMUs at the facility.  Authority and responsibility for the implementation of RCRA has 
been delegated by the USEPA to the State of Nevada, making the NDEP the lead regulatory 
agency for all RCRA investigations and corrective actions at HWAD.   
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2.0 DECISION SUMMARY 

The Decision Summary identifies the selected remedy, explains how the remedy fulfills statutory 
and regulatory requirements, and provides a substantive summary of the Administrative Record 
file that supports the remedy selection decision. 

2.1 Site Name, Location, and Description 

SWMU K03F, Building 94, is located approximately three miles east of the main gate to HWAD, 
and adjacent to the security post (Post 5) entering the central magazine (Figure 2).  SWMU 
K03F is composed of three former Underground Storage Tanks (USTs): HWAP-38 (Tank 1, also 
referred to as 94-1), HWAP-39 (Tank 2), and HWAP-40 (Tank 3, also referred to as 94-3) 
(Figure 3).  Tank 1 (94-1) and Tank 3 (94-3) have been filled and abandoned in place.  Per a 
NDEP letter dated 31 March 1992, Tank 1 (94-1), and Tank 3 (94-3) have been granted closure 
(Attachment 1).  Tank 2 was removed in 1991.   

2.2 Physical Setting 

HWAD is located in Mineral County, Nevada, approximately 140 miles southeast of Reno, 
Nevada.  The depot is approximately 150,000 acres in size and encloses three sides of the town 
of Hawthorne (Figure 1). 

2.3 Investigation History 

As discussed above, Tank 1 and Tank 3 have been abandoned/closed in place and Tank 2 was 
removed in 1991.  A limited site investigation and soil removal was completed in the vicinity of 
the former tank 2 UST basin in 1992 and 1993, respectively.  In addition, a limited site 
investigation was completed in 2011. Table 2-1 provides a brief summary of these activities.   

2.4 Nature and Extent of Contamination 

2.4.1 Summary of Existing Data 
Based on data collected during the limited site investigation at SWMU K03F, TPH-d 
contamination beneath the former Tank 2 UST basin is limited vertically to a depth of 
approximately 20 feet below ground surface (bgs), and horizontally to a width of approximately 
15 to 20 feet. Groundwater is estimated to be approximately 80-90 feet bgs.  Analytical results, 
soil boring logs, and site figures have been included in Attachment 1.  

 



Fi
na

l S
W

M
U

 K
03

F 
D

ec
is

io
n 

D
oc

um
en

t 
H

aw
th

or
ne

 A
rm

y 
D

ep
ot

, 
H

aw
th

or
ne

, N
ev

ad
a 

 
2-

2 

T
ab

le
 2

-1
 

S
u

m
m

ar
y 

o
f 

P
re

vi
o

u
s 

A
ct

io
n

s 
at

 S
W

M
U

 K
03

F
 

D
at

e 
A

re
a 

an
d

 
P

u
rp

o
se

 o
f 

In
ve

st
ig

at
io

n
 

C
o

m
p

an
y 

A
re

a 
A

ss
es

se
d

 
M

aj
o

r 
F

in
d

in
g

s 
R

ec
o

m
m

en
d

at
io

n
s

19
91

 
R

em
ov

al
 o

f 
Ta

nk
 2

  

B
ra

m
co

 
C

on
st

ru
ct

io
n 

C
or

po
ra

tio
n 

(B
ra

m
co

) 

R
em

ov
ed

 3
00

-g
al

lo
n 

st
ee

l U
S

T 
(T

an
k 

2)
 

co
nt

ai
ni

ng
 d

ie
se

l f
ue

l. 
C

ol
le

ct
ed

 tw
o 

so
il 

sa
m

pl
es

 fr
om

 b
en

ea
th

 th
e 

U
S

T 
an

d 
on

e 
co

m
po

si
te

 s
oi

l s
am

pl
e 

fro
m

 b
en

ea
th

 th
e 

U
S

T 
lin

es
. T

he
 e

xa
ct

 d
ep

th
s 

of
 th

e 
so

il 
sa

m
pl

es
 

ar
e 

un
kn

ow
n.

 S
oi

l s
am

pl
es

 w
er

e 
an

al
yz

ed
 fo

r 
V

ol
at

ile
 O

rg
an

ic
 C

om
po

un
ds

 (V
O

C
s)

, T
PH

-d
, 

or
ga

no
ch

lo
rin

e 
pe

st
ic

id
es

, p
ol

yc
hl

or
in

at
ed

 
bi

ph
en

yl
s 

(P
C

B
s)

, a
nd

 R
C

R
A

 m
et

al
s.

 

Th
e 

so
il 

sa
m

pl
es

 c
ol

le
ct

ed
 

be
ne

at
h 

th
e 

U
S

T 
co

nt
ai

ne
d 

TP
H

-d
 a

t c
on

ce
nt

ra
tio

ns
 ra

ng
in

g 
fro

m
 1

,9
00

 to
 2

,8
00

 m
g/

kg
. 

TP
H

-d
 w

as
 

id
en

tif
ie

d 
as

 th
e 

C
on

ta
m

in
an

t o
f 

P
ot

en
tia

l C
on

ce
rn

 a
t 

K
03

F.
 

19
92

 

Li
m

ite
d 

In
ve

st
ig

at
io

n 
of

 fo
rm

er
 T

an
k 

2 
U

S
T 

ba
si

n 

U
.S

. A
rm

y 
E

nv
iro

nm
en

ta
l 

H
yg

ie
ne

 
A

ge
nc

y 
(U

S
A

E
H

A)
 

C
om

pl
et

ed
 o

ne
 s

oi
l b

or
in

g 
(E

-1
) i

n 
th

e 
fo

rm
er

 
U

S
T 

ba
si

n 
to

 a
 d

ep
th

 o
f 3

5 
fe

et
 b

gs
. S

oi
l 

sa
m

pl
es

 w
er

e 
co

lle
ct

ed
 fr

om
 1

0,
 1

5,
 3

0,
 a

nd
 3

5 
fe

et
 b

gs
 a

nd
 a

na
ly

ze
d 

fo
r T

P
H

-d
 (U

S
AE

H
A

, 
19

92
). 

S
am

pl
es

 c
ol

le
ct

ed
 a

t 1
0 

an
d 

15
 

fe
et

 b
gs

 c
on

ta
in

ed
 T

PH
-d

 a
t 

co
nc

en
tra

tio
ns

 o
f 9

,8
00

 m
g/

kg
 

an
d 

26
0 

m
g/

kg
, r

es
pe

ct
iv

el
y 

(U
S

A
E

H
A

, 1
99

2)
. 

R
em

ov
al

 o
f 

im
pa

ct
ed

 s
oi

l i
n 

fo
rm

er
 T

an
k 

2 
U

S
T 

ba
si

n.
 

19
93

 

E
xc

av
at

io
n 

of
 

im
pa

ct
ed

 s
oi

ls
 

fro
m

 th
e 

fo
rm

er
 T

an
k 

2 
U

S
T 

ba
si

n 

U
nk

no
w

n 

A
 le

tte
r, 

da
te

d 
21

 M
ay

 1
99

3,
 fr

om
 J

er
ry

 
La

m
as

on
, D

ay
 &

 Z
im

m
er

m
an

n 
H

aw
th

or
ne

 
C

or
po

ra
tio

n 
(D

ZH
C

), 
to

 th
e 

A
dm

in
is

tra
tiv

e 
co

nt
ra

ct
in

g 
of

fic
er

 a
t H

W
AD

 s
pe

ci
fie

d 
th

at
 

co
nt

am
in

at
ed

 s
oi

l f
ro

m
 b

en
ea

th
 th

e 
fo

rm
er

 T
an

k 
2 

U
S

T 
ba

si
n 

ha
d 

be
en

 e
xc

av
at

ed
 (B

ay
 W

es
t, 

20
12

). 
Th

is
 le

tte
r c

ou
ld

 n
ot

 b
e 

lo
ca

te
d.

 
A

 re
po

rt 
to

 B
ra

m
co

 fr
om

 G
re

at
 B

as
in

 
La

bo
ra

to
rie

s 
(G

B
L)

 d
at

ed
 2

3 
M

ar
ch

 1
99

4 
in

di
ca

te
d 

th
at

 s
oi

l s
am

pl
e 

co
lle

ct
ed

 fr
om

 1
7 

fe
et

 
bg

s 
ha

d 
a 

TP
H

-d
 c

on
ce

nt
ra

tio
n 

of
 2

5,
93

0 
pa

rts
 

pe
r m

illi
on

 (p
pm

) (
W

oo
dw

ar
d-

C
ly

de
, 1

99
4)

. T
hi

s 
re

po
rt 

is
 n

o 
lo

ng
er

 a
va

ila
bl

e.
 

TP
H

-d
 c

on
ta

m
in

at
io

n 
ex

te
nd

ed
 

fu
rth

er
 th

an
 th

e 
fin

al
 e

xc
av

at
io

n 
de

pt
h 

of
 1

7 
fe

et
 b

gs
 (B

ay
 W

es
t, 

20
12

). 

  



Fi
na

l S
W

M
U

 K
03

F 
D

ec
is

io
n 

D
oc

um
en

t 
H

aw
th

or
ne

 A
rm

y 
D

ep
ot

, 
H

aw
th

or
ne

, N
ev

ad
a 

 
2-

3 

D
at

e 
A

re
a 

an
d

 
P

u
rp

o
se

 o
f 

In
ve

st
ig

at
io

n
 

C
o

m
p

an
y 

A
re

a 
A

ss
es

se
d

 
M

aj
o

r 
F

in
d

in
g

s 
R

ec
o

m
m

en
d

at
io

n
s

19
94

 
W

or
k 

P
la

n 
D

ev
el

op
m

en
t 

W
oo

dw
ar

d-
C

ly
de

 

D
ev

el
op

ed
 a

 W
or

k 
P

la
n 

th
at

 in
cl

ud
ed

 
ad

va
nc

em
en

t o
f u

p 
to

 s
ix

 s
oi

l b
or

in
gs

, c
on

ve
rs

io
n 

of
 tw

o 
so

il 
bo

rin
gs

 in
to

 s
oi

l v
ap

or
 e

xt
ra

ct
io

n 
po

in
ts

, c
ol

le
ct

io
n 

of
 u

p 
to

 fo
ur

 g
ro

un
dw

at
er

 
sa

m
pl

es
, a

nd
 in

iti
at

io
n 

of
 p

as
si

ve
 b

io
-v

en
tin

g.
 In

 
ad

di
tio

n 
to

 th
e 

in
ve

st
ig

at
io

n,
 th

e 
w

or
k 

pl
an

 
ou

tli
ne

d 
a 

sa
m

pl
in

g 
an

d 
re

m
ov

al
 p

la
n 

of
 a

 s
oi

l 
st

oc
kp

ile
, a

ss
um

ed
 to

 b
e 

th
e 

so
il 

ge
ne

ra
te

d 
in

 
19

93
 (B

ay
 W

es
t, 

20
12

). 
  

R
es

ea
rc

h 
of

 a
va

ila
bl

e 
do

cu
m

en
ta

tio
n 

co
ul

d 
no

t c
on

fir
m

 
if 

th
e 

w
or

k 
de

sc
rib

ed
 in

 th
e 

W
or

k 
P

la
n 

w
as

 c
om

pl
et

ed
.  

 S
ite

 c
on

di
tio

ns
 in

 2
01

1 
in

di
ca

te
d 

th
at

 th
e 

so
il 

st
oc

kp
ile

 h
ad

 b
ee

n 
re

m
ov

ed
.  

E
va

lu
at

e 
th

e 
na

tu
re

 
an

d 
ex

te
nt

 o
f V

O
C

s 
an

d 
TP

H
-d

 in
 th

e 
fo

rm
er

 T
an

k 
2 

U
S

T 
ba

si
n.

 

20
11

 

A
dd

iti
on

al
 

In
ve

st
ig

at
io

n 
of

 fo
rm

er
 T

an
k 

2 
U

S
T 

ba
si

n 
 

B
ay

 W
es

t, 
In

c.
 

(B
ay

 W
es

t) 

C
om

pl
et

ed
 fi

ve
 s

oi
l b

or
in

gs
 to

 3
0-

33
 fe

et
 b

gs
, 

ad
ja

ce
nt

 to
 th

e 
fo

rm
er

 T
an

k 
2 

U
S

T 
ba

si
n 

to
 

de
fin

e 
th

e 
cu

rre
nt

 m
ag

ni
tu

de
 a

nd
 e

xt
en

t o
f V

O
C

 
an

d 
TP

H
-d

 im
pa

ct
s 

to
 s

oi
l. 

S
am

pl
es

 c
ol

le
ct

ed
 b

et
w

ee
n 

7.
5 

an
d 

16
 fe

et
 b

gs
 in

 tw
o 

bo
rin

gs
 

co
nt

ai
ne

d 
TP

H
-d

 a
t 

co
nc

en
tra

tio
ns

 ra
ng

in
g 

fro
m

 2
70

 
to

 8
,2

00
 m

g/
kg

. 

TP
H

-d
 b

en
ea

th
 

fo
rm

er
 T

an
k 

2 
U

S
T 

ba
si

n 
is

 li
m

ite
d 

ve
rti

ca
lly

 to
 a

 d
ep

th
 

of
 a

pp
ro

xi
m

at
el

y 
20

 
fe

et
 b

gs
 a

nd
 

ho
riz

on
ta

lly
 to

 a
 

w
id

th
 o

f 
ap

pr
ox

im
at

el
y 

15
 to

 
20

 fe
et

. 



Final SWMU K03F Decision Document 
Hawthorne Army Depot, Hawthorne, Nevada 

 2-4 

2.4.2 Migration Modeling Data 
The contaminate pathway at K03F is through dissolution of residual TPH-d in the soil by 
infiltration of water.  Due to low rainfall in the Hawthorne area (<5 inches per year) and the 
approximate depth of groundwater (80 to 90 feet bgs), it is unlikely that consequential amounts 
of water might move through the soil and leach contamination to groundwater.  Additionally, 
contaminant Fate and Transportation modeling completed at similar sites with similar soils and 
contamination (SWMU I07 and SWMU I08) supports TPH-d’s limited migration potential (Bay 
West, 2012). 

2.4.3 Tier II SSTL Summary for TPH-d 
A Tier II Site Specific Target Level (SSTL) for TPH-d at SWMU K03F was developed to assist in 
evaluating the potential risk posed by petroleum contaminated soils present at the site.  NAC 
445A.22705, allows for the application of the ASTM Standard E-1739-95 Risk Based Corrective 
Action (RBCA) to develop Tier II SSTLs in setting site-specific risk criteria.  Because diesel 
contains relatively little of the more mobile and more toxic volatile organic compounds, the 
primary concern is on the prevention of free product on groundwater.  NAC 445A.22735 
requires that free product be reduced to less than 0.5 inch. Therefore the TPH-d SSTL was 
developed based on the prevention of free product migration to groundwater.   

2.4.3.1 Tier II SSTL background 

Soil has the ability to retain non-mobile liquids in smaller and discontinuous pore spaces.  The 
amount that a soil can hold is called its residual saturation.  Once residual saturation has been 
exceeded, the liquid can migrate.  Diesel exists as a light non-aqueous phased liquid (LNAPL) 
and is held in retention along with water.  The American Petroleum Institute (API) published a 
summary of empirical models and compared the results with experimentally measured residual 
saturated values.  The results of these comparisons were then used to develop screening level 
criteria for specific soils and products.  

The API utilizes three empirical models in developing a method for conservative screening 
levels. These included 1) a zero water method; 2) a field moisture capacity method (both 
developed by Hoag and Marley, 1986); and 3) a method developed by Zytner (1993).  The Hoag 
and Marley methods are both based on average soil particle diameter and that residual 
retention is related to available surface area.  In the zero water method, all the pore spaces are 
available for the LNAPL.  In the field moisture capacity method some of the available pore 
space is occupied by water.  Therefore, field conditions would be expected to range somewhere 
between the zero water and field moisture methods. The Zytner method is based on observed 
relationships of residual saturation and the ratio of product density over soil bulk density.  A 
more detailed discussion of the SSTL is presented in Attachment 1. 

2.4.3.2 Tier II SSTL Conclusion 

Results of the empirical models, for SWMU K03F, indicated a petroleum residual saturated 
value of between 32,000 and 174,000 mg/kg.  The average of the three methods is higher than 
the median American Petroleum Institute (API) value. Therefore, applying the 90% confidence 
value of 11,000 mg/kg would provide an acceptable conservative margin.  Groundwater 
contacting fine- to medium-grained soils with a TPH-d concentration less than 11,000 mg/kg 
would not likely result in free product (Bay West, 2012).   

Only one soil sample at SWMU K03F was found to exceed the 90% confidence level at a TPH-d 
concentration of 25,930 mg/kg but it was far below the median value for residual saturation of 
40,000 mg/kg.  The sample was collected in 1993 from a depth of 17 feet bgs and groundwater 
is at a depth of approximately 80-90 feet bgs.  Furthermore, in 2011 the highest TPH-d 
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concentration detected was 8,200 mg/kg at 7.5-9.5 feet bgs, which is below the 90% confidence 
level.  Given the depth of the soil sample above groundwater, if mobile product exists at this 
depth, the concentration would continue to decrease with vertical migration until it was 
immobilized (Bay West, 2012). 

2.5 Decommissioning Activities 

Subsequent to soil sample collection, soil borings were abandoned in accordance with Nevada 
Administrative Code (NAC) 534.4371.  

Groundwater was not generated or encountered during the advancement of soil borings at 
SWMU K03F.  Decontamination water was containerized in two 55-gallon drums and stored 
next to Building 94. The analytical results of the decontamination water sample did not exceed 
the USEPA Maximum Contaminant Levels, and the decontamination water was dispersed at the 
site (Bay West, 2012). 

 

  



Final SWMU K03F Decision Document 
Hawthorne Army Depot, Hawthorne, Nevada 

 3-1 

3.0 CONCLUSIONS 

Soil samples collected within, or adjacent to, the former Tank 2 UST Basin at SWMU K03F 
between 1991 and 2011 contained TPH-d concentrations exceeding the State of Nevada 
Screening Level of 100 mg/kg. The additional investigation completed in 2011 determined that 
TPH-d beneath former Tank 2 UST basin is limited vertically to a depth of approximately 20 feet 
bgs and horizontally to a width of approximately 15 to 20 feet.  Tank 2 has been removed and a 
contaminant source is no longer present at the site (Bay West, 2012). 

Sampling, analysis and modeling indicate that no present or future receptors are likely to be 
adversely impacted by site contamination at SWMU K03F.  Closure is requested following NAC 
445A.227 guidelines, under which the following issues were addressed (Table 3-1): 

Table 3-1 Site Evaluation for SWMU K03F 

Assessment Criteria Response 

A Depth of any groundwater Approximately 80 to 90 feet bgs 

B Distance to irrigation or drinking water 
wells 

The nearest irrigation or drinking water well (HWAD 
Production Well #7) is located 2,100 feet northwest of 
SWMU K03F 

C The type of soil that is contaminated 
Primarily sand with varying amounts of silt and a few 
clay stringers.  Volcanic clasts were encountered 
between 30 and 31 feet bgs in K03F-01. 

D The annual precipitation Annual precipitation in Hawthorne, Nevada is 4.6 
inches 

E The type of waste or substance released The release is TPH in the form of diesel 

F The extent of the contamination 
TPH-d beneath former Tank 2 UST basin is limited 
vertically to a depth of approximately 20 feet bgs and 
horizontally to a width of approximately 15 to 20 feet. 

G The present and potential use for the land The site is presently used for industrial purposes.  
Future land use is also expected to be industrial.  

H The preferred routes of migration Vertically, due to gravity 

I The location of structures and 
impediments 

There are no known subsurface structures or physical 
impediments to horizontal migration of contaminants  

J The potential for a hazard related to fire, 
vapor, or explosion 

There are no apparent hazards related to fire, vapor, 
or explosions  

K Other site-specific factors No other site-specific factors have been noted 
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Figure 4-1 SWMU K03F Soil Analytical Results  

























SWMU K03F Technical Memorandum 
Hawthorne Army Depot, Hawthorne, Nevada 

4-2 

Table 4-1 SWMU K03F Analytical Results  



TABLE E-2
ALL SOILSAMPLE RESULTS

SWMU KO3F
HAWTHORNE ARMY DEPOT, NEVADA

Result MDL Result MDL Result MDL MDL Result MDL Result MDL Result MDL Result MDL Result MDL Result MDL Result MDL Result MDL Result MDL

Diesel Range Organics [C10‐C28] N/A 8015B mg/Kg 8,200 D M 18 3.3 J M 0.69 1,200 D M 6.7 1.6 J M 0.69 2.4 J M 0.65 1.8 J 0.68 2.3 J M 0.66 5.3 M 0.7 2.3 J M 0.71 4.2 M 0.68 1.0 J M 0.66 1.6 J M 0.66 2.2 U  0.76
Volatile Organic Compounds
1,1,1,2‐Tetrachloroethane 630‐20‐6 8260C ug/Kg 56 U Q 23 1.1 U  0.64 56 U Q 23 1.0 U  0.58 1.0 U  0.58 1.1 U  0.62 1.1 U  0.61 1.1 U  0.62 1.1 U  0.62 0.95 U  0.53 1.1 U  0.6 1.1 U  0.63 1.2 U  0.65
1,1,1‐Trichloroethane 71‐55‐6 8260C ug/Kg 56 U  22 1.1 U  0.6 56 U  22 1.0 U  0.54 1.0 U  0.54 1.1 U  0.58 1.1 U  0.57 1.1 U  0.58 1.1 U  0.58 0.95 U  0.49 1.1 U  0.56 1.1 U  0.58 1.2 U  0.61
1,1,2,2‐Tetrachloroethane 79‐34‐5 8260C ug/Kg 56 U  32 1.1 U  0.7 56 U  32 1.0 U  0.63 1.0 U  0.63 1.1 U  0.68 1.1 U  0.67 1.1 U  0.68 1.1 U  0.68 0.95 U  0.58 1.1 U  0.66 1.1 U  0.68 1.2 U  0.71
1,1,2‐Trichloroethane 79‐00‐5 8260C ug/Kg 56 U  30 1.1 U  1 56 U  30 1.0 U  0.91 1.0 U  0.91 1.1 U  0.98 1.1 U  0.96 1.1 U  0.98 1.1 U  0.98 0.95 U  0.84 1.1 U  0.95 1.1 U  0.98 1.2 U  1
1,1‐Dichloroethane 75‐34‐3 8260C ug/Kg 67 U  56 1.1 U  0.24 67 U  56 1.0 U  0.22 1.0 U  0.22 1.1 U  0.23 1.1 U  0.23 1.1 U  0.23 1.1 U  0.23 0.95 U  0.2 1.1 U  0.23 1.1 U  0.23 1.2 U  0.25
1,1‐Dichloroethene 75‐35‐4 8260C ug/Kg 67 U  56 1.1 U  0.68 67 U  56 1.0 U  0.61 1.0 U  0.61 1.1 U  0.65 1.1 U  0.64 1.1 U  0.66 1.1 U  0.66 0.95 U  0.56 1.1 U  0.64 1.1 U  0.66 1.2 U  0.69
1,2,3‐Trichlorobenzene 87‐61‐6 8260C ug/Kg 56 U  39 1.1 U  0.86 56 U  39 1.0 U  0.77 1.0 U  0.78 1.1 U  0.83 1.1 U  0.82 1.1 U  0.83 1.1 U  0.84 0.95 U  0.71 1.1 U  0.81 1.1 U  0.84 1.2 U  0.88
1,2,3‐Trichloropropane 96‐18‐4 8260C ug/Kg 110 U  52 1.1 U  0.93 110 U  52 1.0 U  0.84 1.0 U  0.84 1.1 U  0.9 1.1 U  0.88 1.1 U  0.9 1.1 U  0.9 0.95 U  0.77 1.1 U  0.87 1.1 U  0.91 1.2 U  0.95
1,2,4‐Trichlorobenzene 120‐82‐1 8260C ug/Kg 67 U  52 1.1 U  0.84 67 U  52 1.0 U  0.75 1.0 U  0.76 1.1 U  0.81 1.1 U  0.8 1.1 U  0.81 1.1 U  0.81 0.95 U  0.69 1.1 U  0.79 1.1 U  0.82 1.2 U  0.85
1,2,4‐Trimethylbenzene 95‐63‐6 8260C ug/Kg 56 U  34 1.1 U  0.67 56 U  35 1.0 U  0.6 1.0 U  0.6 1.1 U  0.64 1.1 U  0.63 1.1 U  0.64 1.1 U  0.65 0.95 U  0.55 1.1 U  0.63 1.1 U  0.65 1.2 U  0.68
1,2‐Dibromo‐3‐Chloropropane 96‐12‐8 8260C ug/Kg 220 U  96 1.1 U  0.69 220 U  96 1.0 U  0.62 1.0 U  0.62 1.1 U  0.67 1.1 U  0.66 1.1 U  0.67 1.1 U  0.67 0.95 U  0.57 1.1 U  0.65 1.1 U  0.67 1.2 U  0.7
1,2‐Dichlorobenzene 95‐50‐1 8260C ug/Kg 56 U  100 1.1 U  0.52 56 U  100 1.0 U  0.46 1.0 U  0.47 1.1 U  0.5 1.1 U  0.49 1.1 U  0.5 1.1 U  0.5 0.95 U  0.43 1.1 U  0.49 1.1 U  0.5 1.2 U  0.53
1,2‐Dichloroethane 107‐06‐2 8260C ug/Kg 180 U  28 1.1 U  0.8 180 U  28 1.0 U  0.72 1.0 U  0.73 1.1 U  0.78 1.1 U  0.76 1.1 U  0.78 1.1 U  0.78 0.95 U  0.67 1.1 U  0.75 1.1 U  0.78 1.2 U  0.82
1,2‐Dichloropropane 78‐87‐5 8260C ug/Kg 56 U  51 1.1 U  0.63 56 U  52 1.0 U  0.57 1.0 U  0.57 1.1 U  0.61 1.1 U  0.6 1.1 U  0.61 1.1 U  0.61 0.95 U  0.52 1.1 U  0.59 1.1 U  0.61 1.2 U  0.64
1,3,5‐Trimethylbenzene 108‐67‐8 8260C ug/Kg 67 U  43 1.1 U  0.66 67 U  44 1.0 U  0.59 1.0 U  0.59 1.1 U  0.63 1.1 U  0.62 1.1 U  0.63 1.1 U  0.63 0.95 U  0.54 1.1 U  0.61 1.1 U  0.64 1.2 U  0.67
1,3‐Dichloropropane 142‐28‐9 8260C ug/Kg 67 U Q 31 1.1 U  0.59 67 U Q 31 1.0 U  0.53 1.0 U  0.53 1.1 U  0.57 1.1 U  0.56 1.1 U  0.57 1.1 U  0.57 0.95 U  0.49 1.1 U  0.55 1.1 U  0.57 1.2 U  0.6
1,4‐Dichlorobenzene 106‐46‐7 8260C ug/Kg 56 U  28 1.1 U  0.9 56 U  28 1.0 U  0.81 1.0 U  0.81 1.1 U  0.86 1.1 U  0.85 1.1 U  0.87 1.1 U  0.87 0.95 U  0.74 1.1 U  0.84 1.1 U  0.87 1.2 U  0.91
1,4‐Dioxane 123‐91‐1 8260C ug/Kg 8900 U  2800 92 U  64 8900 U  2800 83 U  58 83 U  58 89 U  62 87 U  61 89 U  62 89 U  62 76 U  53 86 U  60 89 U  63 94 U  66
2‐Butanone (MEK) 78‐93‐3 8260C ug/Kg 360 U  330 11 U  2.1 360 U  330 10 U  1.9 10 U  1.9 11 U  2 11 U  2 11 U  2 11 U  2 9.5 U  1.7 11 U  2 3.7 J  2 12 U  2.1
2‐Chloro‐1,3‐butadiene 126‐99‐8 8260C ug/Kg 89 U  52 0.92 U  0.6 89 U  52 0.83 U  0.54 0.83 U  0.54 0.89 U  0.58 0.87 U  0.57 0.89 U  0.58 0.89 U  0.58 0.76 U  0.49 0.86 U  0.56 0.89 U  0.58 0.94 U  0.61
2‐Chlorotoluene 95‐49‐8 8260C ug/Kg 56 U  29 1.1 U  0.59 56 U  29 1.0 U  0.53 1.0 U  0.53 1.1 U  0.57 1.1 U  0.56 1.1 U  0.57 1.1 U  0.57 0.95 U  0.49 1.1 U  0.55 1.1 U  0.57 1.2 U  0.6
2‐Hexanone 591‐78‐6 8260C ug/Kg 360 U  240 11 U  5.6 360 U  240 10 U  5.1 10 U  5.1 11 U  5.4 11 U  5.3 11 U  5.4 11 U  5.4 9.5 U  4.7 11 U  5.3 11 U  5.5 12 U  5.7
4‐Chlorotoluene 106‐43‐4 8260C ug/Kg 56 U  26 1.1 U  0.9 56 U  26 1.0 U  0.81 1.0 U  0.81 1.1 U  0.86 1.1 U  0.85 1.1 U  0.87 1.1 U  0.87 0.95 U  0.74 1.1 U  0.84 1.1 U  0.87 1.2 U  0.91
Acetone 67‐64‐1 8260C ug/Kg 710 U Q 440 11 U  6.2 710 U Q 450 10 U  5.6 10 U  5.6 11 U  6 8.9 J 5.9 6.6 J 6 11 U  6 9.5 U  5.1 11 U  5.8 6.2 J 6 12 U  6.3
Acetonitrile 75‐05‐8 8260C ug/Kg 890 U  730 37 U  3.2 890 U  740 33 U  2.8 33 U  2.8 35 U  3 35 U  3 36 U  3.1 36 U  3.1 30 U  2.6 34 U  3 36 U  3.1 37 U  3.2
Acrolein 107‐02‐8 8260C ug/Kg 890 U  510 9.2 U  8 890 U  510 8.3 U  7.2 8.3 U  7.3 8.9 U  7.8 8.7 U  7.6 8.9 U  7.8 8.9 U  7.8 7.6 U  6.7 8.6 U  7.5 8.9 U  7.8 9.4 U  8.2
Acrylonitrile 107‐13‐1 8260C ug/Kg 440 U  290 9.2 U  5.5 450 U  290 8.3 U  5 8.3 U  5 8.9 U  5.3 8.7 U  5.3 8.9 U  5.4 8.9 U  5.4 7.6 U  4.6 8.6 U  5.2 8.9 U  5.4 9.4 U  5.6
Benzene 71‐43‐2 8260C ug/Kg 56 U  50 1.1 U  0.54 56 U  50 1.0 U  0.49 1.0 U  0.49 1.1 U  0.52 1.1 U  0.51 1.1 U  0.52 1.1 U  0.52 0.95 U  0.45 1.1 U  0.51 1.1 U  0.53 1.2 U  0.55
Bromobenzene 108‐86‐1 8260C ug/Kg 56 U  21 1.1 U  0.56 56 U  21 1.0 U  0.51 1.0 U  0.51 1.1 U  0.54 1.1 U  0.54 1.1 U  0.54 1.1 U  0.55 0.95 U  0.47 1.1 U  0.53 1.1 U  0.55 1.2 U  0.57
Bromoform 75‐25‐2 8260C ug/Kg 110 U Q 32 1.1 U  0.26 110 U Q 32 1.0 U  0.24 1.0 U  0.24 1.1 U  0.25 1.1 U  0.25 1.1 U  0.26 1.1 U  0.26 0.95 U  0.22 1.1 U  0.25 1.1 U  0.26 1.2 U  0.27
Bromomethane 74‐83‐9 8260C ug/Kg 89 U  49 1.1 U  0.57 89 U  49 1.0 U  0.52 1.0 U  0.52 1.1 U  0.55 1.1 U  0.55 1.1 U  0.56 1.1 U  0.56 0.95 U  0.48 1.1 U  0.54 1.1 U  0.56 1.2 U  0.58
Carbon disulfide 75‐15‐0 8260C ug/Kg 67 U  71 1.1 U  0.48 67 U  71 1.0 U Q 0.43 1.0 U Q 0.44 1.1 U  0.47 1.1 U  0.46 1.1 U  0.47 1.1 U  0.47 0.95 U  0.4 1.1 U  0.45 1.1 U  0.47 1.2 U  0.49
Carbon tetrachloride 56‐23‐5 8260C ug/Kg 67 U  19 1.1 U  0.72 67 U  19 1.0 U  0.65 1.0 U  0.65 1.1 U  0.7 1.1 U  0.69 1.1 U  0.7 1.1 U  0.7 0.95 U  0.6 1.1 U  0.68 1.1 U  0.7 1.2 U  0.74
Chlorobenzene 108‐90‐7 8260C ug/Kg 89 U Q 33 1.1 U  0.62 89 U Q 34 1.0 U  0.56 1.0 U  0.56 1.1 U  0.6 1.1 U  0.59 1.1 U  0.6 1.1 U  0.6 0.95 U  0.51 1.1 U  0.58 1.1 U  0.6 1.2 U  0.63
Chlorobromomethane 74‐97‐5 8260C ug/Kg 67 U  52 1.1 U  0.34 67 U  53 1.0 U  0.31 1.0 U  0.31 1.1 U  0.33 1.1 U  0.33 1.1 U  0.33 1.1 U  0.33 0.95 U  0.29 1.1 U  0.32 1.1 U  0.34 1.2 U  0.35
Chloroform 67‐66‐3 8260C ug/Kg 67 U  51 1.1 U  0.33 67 U  51 1.0 U  0.3 1.0 U  0.3 1.1 U  0.32 1.1 U  0.32 1.1 U  0.32 1.1 U  0.32 0.95 U  0.28 1.1 U  0.31 1.1 U  0.32 1.2 U  0.34
Chloromethane 74‐87‐3 8260C ug/Kg 89 U  56 1.1 U  0.88 89 U  56 1.0 U  0.8 1.0 U  0.8 1.1 U  0.85 1.1 U  0.84 1.1 U  0.86 1.1 U  0.86 0.95 U  0.73 1.1 U  0.83 1.1 U  0.86 1.2 U  0.9
cis‐1,2‐Dichloroethene 156‐59‐2 8260C ug/Kg 67 U  24 1.1 U  0.64 67 U  25 1.0 U  0.58 1.0 U  0.58 1.1 U  0.62 1.1 U  0.61 1.1 U  0.62 1.1 U  0.62 0.95 U  0.53 1.1 U  0.6 1.1 U  0.63 1.2 U  0.65
cis‐1,3‐Dichloropropene 10061‐01‐5 8260C ug/Kg 67 U  30 2.3 U  1.5 67 U  30 2.1 U  1.3 2.1 U  1.3 2.2 U  1.4 2.2 U  1.4 2.2 U  1.4 2.2 U  1.4 1.9 U  1.2 2.2 U  1.4 2.2 U  1.4 2.3 U  1.5
cis‐1,4‐Dichloro‐2‐butene 1476‐11‐5 8260C ug/Kg 180 U  70 3.7 U  1.2 180 U  70 3.3 U  1.1 3.3 U  1.1 3.5 U  1.2 3.5 U  1.1 3.6 U  1.2 3.6 U  1.2 3.0 U  1 3.4 U  1.1 3.6 U  1.2 3.7 U  1.2
Cyclohexane 110‐82‐7 8260C ug/Kg 44 U  31 1.8 U  0.46 45 U  31 1.7 U  0.41 1.7 U  0.41 1.8 U  0.44 1.7 U  0.44 1.8 U  0.44 1.8 U  0.45 1.5 U  0.38 1.7 U  0.43 1.8 U  0.45 1.9 U  0.47
Cyclohexanone 108‐94‐1 8260C ug/Kg 7100 U  4100 74 U  62 7100 U  4100 66 U  56 66 U  56 71 U  60 70 U  59 71 U  60 71 U  60 61 U  51 69 U  58 72 U  60 75 U  63
Dibromomethane 74‐95‐3 8260C ug/Kg 56 U  33 1.1 U  0.97 56 U  34 1.0 U  0.87 1.0 U  0.87 1.1 U  0.93 1.1 U  0.92 1.1 U  0.93 1.1 U  0.94 0.95 U  0.8 1.1 U  0.91 1.1 U  0.94 1.2 U  0.98
Dichlorobromomethane 75‐27‐4 8260C ug/Kg 56 U  44 1.1 U  0.25 56 U  44 1.0 U  0.23 1.0 U  0.23 1.1 U  0.24 1.1 U  0.24 1.1 U  0.24 1.1 U  0.25 0.95 U  0.21 1.1 U  0.24 1.1 U  0.25 1.2 U  0.26
Dichlorodifluoromethane 75‐71‐8 8260C ug/Kg 110 U  24 1.1 U  0.6 110 U  25 1.0 U  0.54 1.0 U  0.54 1.1 U  0.58 1.1 U  0.57 1.1 U  0.58 1.1 U  0.58 0.95 U  0.49 1.1 U  0.56 1.1 U  0.58 1.2 U  0.61
Ethyl methacrylate 97‐63‐2 8260C ug/Kg 180 U  140 0.92 U  0.69 180 U  150 0.83 U  0.62 0.83 U  0.62 0.89 U  0.67 0.87 U  0.66 0.89 U  0.67 0.89 U  0.67 0.76 U  0.57 0.86 U  0.65 0.89 U  0.67 0.94 U  0.7
Ethylbenzene 100‐41‐4 8260C ug/Kg 56 U Q 38 1.1 U  0.77 56 U Q 38 1.0 U  0.69 1.0 U  0.69 1.1 U  0.74 1.1 U  0.73 1.1 U  0.74 1.1 U  0.75 0.95 U  0.64 1.1 U  0.72 1.1 U  0.75 1.2 U  0.78
Hexachlorobutadiene 87‐68‐3 8260C ug/Kg 89 U  54 1.1 U  0.63 89 U  55 1.0 U  0.57 1.0 U  0.57 1.1 U  0.61 1.1 U  0.6 1.1 U  0.61 1.1 U  0.61 0.95 U  0.52 1.1 U  0.59 1.1 U  0.61 1.2 U  0.64
Methyl acetate 79‐20‐9 8260C ug/Kg 440 U  270 4.6 U  3.2 450 U  270 4.1 U  2.8 4.1 U  2.8 4.4 U  3 4.4 U  3 4.4 U  3.1 4.5 U  3.1 3.8 U  2.6 4.3 U  3 4.5 U  3.1 4.7 U  3.2
Methyl methacrylate 80‐62‐6 8260C ug/Kg 360 U  97 1.8 U  1.2 360 U  97 1.7 U  1.1 1.7 U  1.1 1.8 U  1.1 1.7 U  1.1 1.8 U  1.1 1.8 U  1.1 1.5 U  0.98 1.7 U  1.1 1.8 U  1.2 1.9 U  1.2
Methyl tert‐butyl ether 1634‐04‐4 8260C ug/Kg 67 U  56 1.1 U  0.39 67 U  56 1.0 U  0.35 1.0 U  0.35 1.1 U  0.38 1.1 U  0.37 1.1 U  0.38 1.1 U  0.38 0.95 U  0.32 1.1 U  0.37 1.1 U  0.38 1.2 U  0.4
Methylene Chloride 75‐09‐2 8260C ug/Kg 110 U  77 6.9 B 0.86 110 U  77 5.6 B 0.77 5.6 B 0.78 5.3 J B 0.83 5.0 J B 0.82 5.8 B 0.83 5.4 J B 0.84 4.5 J B  0.71 4.7 J B 0.81 6.2 B 0.84 5.9 B 0.88
m‐Xylene & p‐Xylene 179601‐23‐1 8260C ug/Kg 110 U Q 87 2.3 U  1.2 110 U Q 87 2.1 U  1.1 2.1 U  1.1 2.2 U  1.2 2.2 U  1.1 2.2 U  1.2 2.2 U  1.2 1.9 U  0.99 2.2 U  1.1 2.2 U  1.2 2.3 U  1.2
Naphthalene 91‐20‐3 8260C ug/Kg 110 U  42 1.1 U  0.72 110 U  42 1.0 U  0.65 1.0 U  0.65 1.1 U  0.7 1.1 U  0.69 1.1 U  0.7 1.1 U  0.7 0.95 U  0.6 1.1 U  0.68 0.81 U 0.7 1.2 U  0.74
N‐Propylbenzene 103‐65‐1 8260C ug/Kg 56 U  46 1.1 U  0.67 56 U  46 1.0 U  0.6 1.0 U  0.6 1.1 U  0.64 1.1 U  0.63 1.1 U  0.64 1.1 U  0.65 0.95 U  0.55 1.1 U  0.63 1.1 U  0.65 1.2 U  0.68
o‐Xylene 95‐47‐6 8260C ug/Kg 56 U Q 39 1.1 U  0.7 56 U Q 39 1.0 U  0.63 1.0 U  0.63 1.1 U  0.68 1.1 U  0.67 1.1 U  0.68 1.1 U  0.68 0.95 U  0.58 1.1 U  0.66 1.1 U  0.68 1.2 U  0.71
Styrene 100‐42‐5 8260C ug/Kg 56 U Q 29 1.1 U  0.72 56 U Q 29 1.0 U  0.65 1.0 U  0.65 1.1 U  0.7 1.1 U  0.69 1.1 U  0.7 1.1 U  0.7 0.95 U  0.6 1.1 U  0.68 1.1 U  0.7 1.2 U  0.74
Tetrachloroethene 127‐18‐4 8260C ug/Kg 56 U Q 30 1.1 U  0.68 56 U Q 30 1.0 U  0.61 1.0 U  0.61 1.1 U  0.65 1.1 U  0.64 1.1 U  0.66 1.1 U  0.66 0.95 U  0.56 1.1 U  0.64 1.1 U  0.66 1.2 U  0.69
Tetrahydrofuran 109‐99‐9 8260C ug/Kg 710 U  260 7.4 U  3.7 710 U  260 6.6 U  3.3 6.6 U  3.3 7.1 U  3.5 7.0 U  3.5 7.1 U  3.5 7.1 U  3.6 6.1 U  3 6.9 U  3.4 7.2 U  3.6 7.5 U  3.7
Toluene 108‐88‐3 8260C ug/Kg 67 U  43 1.1 U  0.79 67 U  44 1.0 U  0.71 1.0 U  0.71 1.1 U  0.76 1.1 U  0.75 1.1 U  0.77 1.1 U  0.77 0.95 U  0.66 1.1 U  0.74 1.1 U  0.77 1.2 U  0.81
trans‐1,2‐Dichloroethene 156‐60‐5 8260C ug/Kg 67 U  50 1.1 U  0.45 67 U  50 1.0 U  0.4 1.0 U  0.4 1.1 U  0.43 1.1 U  0.43 1.1 U  0.43 1.1 U  0.43 0.95 U  0.37 1.1 U  0.42 1.1 U  0.44 1.2 U  0.46
trans‐1,3‐Dichloropropene 10061‐02‐6 8260C ug/Kg 67 U  46 1.1 U  0.77 67 U  46 1.0 U  0.69 1.0 U  0.69 1.1 U  0.74 1.1 U  0.73 1.1 U  0.74 1.1 U  0.75 0.95 U  0.64 1.1 U  0.72 1.1 U  0.75 1.2 U  0.78
trans‐1,4‐Dichloro‐2‐butene 110‐57‐6 8260C ug/Kg 180 U  58 1.8 U  0.77 180 U  58 1.7 U  0.69 1.7 U  0.69 1.8 U  0.74 1.7 U  0.73 1.8 U  0.74 1.8 U  0.75 1.5 U  0.64 1.7 U  0.72 1.8 U  0.75 1.9 U  0.78
Trichloroethene 79‐01‐6 8260C ug/Kg 56 U  26 1.1 U  0.26 56 U  26 1.0 U  0.24 1.0 U  0.24 1.1 U  0.25 1.1 U  0.25 1.1 U  0.26 1.1 U  0.26 0.95 U  0.22 1.1 U  0.25 1.1 U  0.26 1.2 U  0.27
Trichlorofluoromethane 75‐69‐4 8260C ug/Kg 67 U  56 2.3 U  1.2 67 U  56 2.1 U  1.1 2.1 U  1.1 2.2 U  1.2 2.2 U  1.1 2.2 U  1.2 2.2 U  1.2 1.9 U  0.99 2.2 U  1.1 2.2 U  1.2 2.3 U  1.2
Vinyl acetate 108‐05‐4 8260C ug/Kg 560 U  78 11 U  1.2 560 U  78 10 U  1.1 10 U  1.1 11 U  1.2 11 U  1.2 11 U  1.2 11 U  1.2 9.5 U  1 11 U  1.2 11 U  1.2 12 U  1.3
Vinyl chloride 75‐01‐4 8260C ug/Kg 56 U  30 2.3 U  1.5 56 U  30 2.1 U  1.4 2.1 U  1.4 2.2 U  1.5 2.2 U  1.5 2.2 U  1.5 2.2 U  1.5 1.9 U  1.3 2.2 U  1.4 2.2 U  1.5 2.3 U  1.6
Xylenes, Total 1330‐20‐7 8260C ug/Kg 110 U  39 1.1 U  1.1 110 U  39 1.0 U  1 1.0 U  1 1.1 U  1.1 1.1 U  1.1 1.1 U  1.1 1.1 U  1.1 0.95 U  0.95 1.1 U  1.1 1.1 U  1.1 1.2 U  1.2
Notes: Laboratory Qualifiers 
RSLs ‐ Regional Screening Levels
HWAD ‐ Hawthorne Army Depot  identified; the quantitation is an estimation
MDL ‐ Method Detection Limit D ‐ Sample result required a dilution
BGS ‐ Below Ground Surface Q ‐ One or more quality control criteria failed.
mg/kg ‐ milligram per kilogram U ‐ Undetected at the Limit of Detection.
ug/kg ‐ microgram per kilogram
N/A‐ Not Applicable or Not Established
Bold ‐ results above method detection limit

J ‐ Estimated: The analyze was positively

Analyte CAS Number Method Units

K03F‐03

Test America

K03F‐01
K03F‐01‐S‐31‐33

4/14/2011
K03F‐02‐S‐18‐20

4/14/2011
18‐20 ft bgs

K03F‐02‐S‐22‐24
4/14/2011
22‐24 ft bgs

4/14/2011

K03F‐02
K03F‐03‐S‐22‐24

31‐33 ft bgs
Test America

K03F‐02‐S‐7.5‐9.5
4/14/2011
7.5‐9.5 ft bgs
Test America

K03F‐01‐S‐17.5‐19.5‐Z
4/14/2011
Duplicate

Test America

K03F‐01‐S‐25‐27
4/14/2011
25‐27 ft bgs
Test America

4/14/2011
17.5‐19.5 ft bgs
Test America

K03F‐01‐S‐7.5‐9.5
4/14/2011
7.5‐9.5 ft bgs
Test America Test America

Diesel Range Organics [C10‐C28]

K03F‐03‐S‐6‐8
4/14/2011
6‐8 ft bgs

Test America

K03F‐02‐S‐28‐30

28‐30 ft bgs
Test America

K03F‐01‐S‐17.5‐19.5
4/14/2011
22‐24 ft bgs
Test America

K03F‐03‐S‐14‐16
4/14/2011
14‐16 ft bgs
Test America

K03F‐03‐S‐28‐30
4/14/2011
28‐30 ft bgs
Test America
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TABLE E-2
ALL SOILSAMPLE RESULTS

SWMU KO3F
HAWTHORNE ARMY DEPOT, NEVADA

Diesel Range Organics [C10‐C28] N/A 8015B mg/Kg
Volatile Organic Compounds
1,1,1,2‐Tetrachloroethane 630‐20‐6 8260C ug/Kg
1,1,1‐Trichloroethane 71‐55‐6 8260C ug/Kg
1,1,2,2‐Tetrachloroethane 79‐34‐5 8260C ug/Kg
1,1,2‐Trichloroethane 79‐00‐5 8260C ug/Kg
1,1‐Dichloroethane 75‐34‐3 8260C ug/Kg
1,1‐Dichloroethene 75‐35‐4 8260C ug/Kg
1,2,3‐Trichlorobenzene 87‐61‐6 8260C ug/Kg
1,2,3‐Trichloropropane 96‐18‐4 8260C ug/Kg
1,2,4‐Trichlorobenzene 120‐82‐1 8260C ug/Kg
1,2,4‐Trimethylbenzene 95‐63‐6 8260C ug/Kg
1,2‐Dibromo‐3‐Chloropropane 96‐12‐8 8260C ug/Kg
1,2‐Dichlorobenzene 95‐50‐1 8260C ug/Kg
1,2‐Dichloroethane 107‐06‐2 8260C ug/Kg
1,2‐Dichloropropane 78‐87‐5 8260C ug/Kg
1,3,5‐Trimethylbenzene 108‐67‐8 8260C ug/Kg
1,3‐Dichloropropane 142‐28‐9 8260C ug/Kg
1,4‐Dichlorobenzene 106‐46‐7 8260C ug/Kg
1,4‐Dioxane 123‐91‐1 8260C ug/Kg
2‐Butanone (MEK) 78‐93‐3 8260C ug/Kg
2‐Chloro‐1,3‐butadiene 126‐99‐8 8260C ug/Kg
2‐Chlorotoluene 95‐49‐8 8260C ug/Kg
2‐Hexanone 591‐78‐6 8260C ug/Kg
4‐Chlorotoluene 106‐43‐4 8260C ug/Kg
Acetone 67‐64‐1 8260C ug/Kg
Acetonitrile 75‐05‐8 8260C ug/Kg
Acrolein 107‐02‐8 8260C ug/Kg
Acrylonitrile 107‐13‐1 8260C ug/Kg
Benzene 71‐43‐2 8260C ug/Kg
Bromobenzene 108‐86‐1 8260C ug/Kg
Bromoform 75‐25‐2 8260C ug/Kg
Bromomethane 74‐83‐9 8260C ug/Kg
Carbon disulfide 75‐15‐0 8260C ug/Kg
Carbon tetrachloride 56‐23‐5 8260C ug/Kg
Chlorobenzene 108‐90‐7 8260C ug/Kg
Chlorobromomethane 74‐97‐5 8260C ug/Kg
Chloroform 67‐66‐3 8260C ug/Kg
Chloromethane 74‐87‐3 8260C ug/Kg
cis‐1,2‐Dichloroethene 156‐59‐2 8260C ug/Kg
cis‐1,3‐Dichloropropene 10061‐01‐5 8260C ug/Kg
cis‐1,4‐Dichloro‐2‐butene 1476‐11‐5 8260C ug/Kg
Cyclohexane 110‐82‐7 8260C ug/Kg
Cyclohexanone 108‐94‐1 8260C ug/Kg
Dibromomethane 74‐95‐3 8260C ug/Kg
Dichlorobromomethane 75‐27‐4 8260C ug/Kg
Dichlorodifluoromethane 75‐71‐8 8260C ug/Kg
Ethyl methacrylate 97‐63‐2 8260C ug/Kg
Ethylbenzene 100‐41‐4 8260C ug/Kg
Hexachlorobutadiene 87‐68‐3 8260C ug/Kg
Methyl acetate 79‐20‐9 8260C ug/Kg
Methyl methacrylate 80‐62‐6 8260C ug/Kg
Methyl tert‐butyl ether 1634‐04‐4 8260C ug/Kg
Methylene Chloride 75‐09‐2 8260C ug/Kg
m‐Xylene & p‐Xylene 179601‐23‐1 8260C ug/Kg
Naphthalene 91‐20‐3 8260C ug/Kg
N‐Propylbenzene 103‐65‐1 8260C ug/Kg
o‐Xylene 95‐47‐6 8260C ug/Kg
Styrene 100‐42‐5 8260C ug/Kg
Tetrachloroethene 127‐18‐4 8260C ug/Kg
Tetrahydrofuran 109‐99‐9 8260C ug/Kg
Toluene 108‐88‐3 8260C ug/Kg
trans‐1,2‐Dichloroethene 156‐60‐5 8260C ug/Kg
trans‐1,3‐Dichloropropene 10061‐02‐6 8260C ug/Kg
trans‐1,4‐Dichloro‐2‐butene 110‐57‐6 8260C ug/Kg
Trichloroethene 79‐01‐6 8260C ug/Kg
Trichlorofluoromethane 75‐69‐4 8260C ug/Kg
Vinyl acetate 108‐05‐4 8260C ug/Kg
Vinyl chloride 75‐01‐4 8260C ug/Kg
Xylenes, Total 1330‐20‐7 8260C ug/Kg
Notes: Laboratory Qualifiers 
RSLs ‐ Regional Screening Levels
HWAD ‐ Hawthorne Army Depot  identified; the quantitation is an estimation
MDL ‐ Method Detection Limit D ‐ Sample result required a dilution
BGS ‐ Below Ground Surface Q ‐ One or more quality control criteria failed.
mg/kg ‐ milligram per kilogram U ‐ Undetected at the Limit of Detection.
ug/kg ‐ microgram per kilogram
N/A‐ Not Applicable or Not Established
Bold ‐ results above method detection limit

J ‐ Estimated: The analyze was positively

Analyte CAS Number Method Units
Diesel Range Organics [C10‐C28]

Result MDL Result MDL Result MDL Result MDL Result MDL Result MDL Result MDL

3.1 J M 0.7 2.0 J M 0.66 5.8 M 0.75 9.8 M 0.73 270 M 0.71 2,900 D M 3.4 2.1 U  0.7

1.3 U  0.72 1.1 U  0.61 1.3 U  0.72 1.2 U  0.69 1.0 U  0.57 0.99 U  0.55 1.1 U  0.62
1.3 U  0.66 1.1 U  0.57 1.3 U  0.67 1.2 U  0.64 1.0 U  0.53 0.99 U  0.52 1.1 U  0.58
1.3 U  0.78 1.1 U  0.67 1.3 U  0.78 1.2 U  0.75 1.0 U  0.62 0.99 U  0.6 1.1 U  0.68
1.3 U  1.1 1.1 U  0.96 1.3 U  1.1 1.2 U  1.1 1.0 U  0.9 0.99 U  0.87 1.1 U  0.98
1.3 U  0.27 1.1 U  0.23 1.3 U  0.27 1.2 U  0.26 1.0 U  0.22 0.99 U  0.21 1.1 U  0.23
1.3 U  0.75 1.1 U  0.64 1.3 U  0.75 1.2 U  0.73 1.0 U  0.6 0.99 U  0.58 1.1 U  0.65
1.3 U  0.96 1.1 U  0.82 1.3 U  0.96 1.2 U  0.92 1.0 U  0.77 0.99 U  0.74 1.1 U  0.83
1.3 U  1 1.1 U  0.88 1.3 U  1 1.2 U  1 1.0 U  0.83 0.99 U  0.8 1.1 U  0.9
1.3 U  0.93 1.1 U  0.8 1.3 U  0.93 1.2 U  0.9 1.0 U  0.75 0.99 U  0.72 1.1 U  0.81
1.3 U  0.74 1.1 U  0.63 1.3 U  0.74 1.2 U  0.71 1.0 U  0.59 0.99 U  0.57 1.1 U  0.64
1.3 U  0.77 1.1 U  0.66 1.3 U  0.77 1.2 U  0.74 1.0 U  0.61 0.99 U  0.59 1.1 U  0.67
1.3 U  0.57 1.1 U  0.49 1.3 U  0.58 1.2 U  0.55 1.0 U  0.46 0.99 U  0.45 1.1 U  0.5
1.3 U  0.89 1.1 U  0.76 1.3 U  0.9 1.2 U  0.86 1.0 U  0.72 0.99 U  0.69 1.1 U  0.78
1.3 U  0.7 1.1 U  0.6 1.3 U  0.7 1.2 U  0.68 1.0 U  0.56 0.99 U  0.54 1.1 U  0.61
1.3 U  0.73 1.1 U  0.62 1.3 U  0.73 1.2 U  0.7 1.0 U  0.58 0.99 U  0.56 1.1 U  0.63
1.3 U  0.65 1.1 U  0.56 1.3 U  0.65 1.2 U  0.63 1.0 U  0.52 0.99 U  0.51 1.1 U  0.57
1.3 U  1 1.1 U  0.85 1.3 U  1 1.2 U  0.96 1.0 U  0.8 0.99 U  0.77 1.1 U  0.86
100 U  72 87 U  61 100 U  72 99 U  69 82 U  57 79 U  56 89 U  62
13 U  2.3 2.3 J  2 13 U  2.3 12 U  2.3 10 U  1.9 2.6 J  1.8 11 U  2
1.0 U  0.66 0.87 U  0.57 1.0 U  0.67 0.99 U  0.64 0.82 U  0.53 0.79 U  0.52 0.89 U  0.58
1.3 U  0.65 1.1 U  0.56 1.3 U  0.65 1.2 U  0.63 1.0 U  0.52 0.99 U  0.51 1.1 U  0.57
13 U  6.2 11 U  5.3 13 U  6.3 12 U  6 10 U  5 9.9 U  4.8 11 U  5.4
1.3 U  1 1.1 U  0.85 1.3 U  1 1.2 U  0.96 1.0 U  0.8 0.99 U  0.77 1.1 U  0.86
13 U  6.9 11 U  5.9 8 J 6.9 12 U  6.6 10 U  5.5 6.4 J 5.3 6.0 J 6
41 U  3.5 35 U  3 41 U  3.5 39 U  3.4 33 U  2.8 32 U  2.7 35 U  3
10 U  8.9 8.7 U  7.6 10 U  9 9.9 U  8.6 8.2 U  7.2 7.9 U  6.9 8.9 U  7.8
10 U  6.2 8.7 U  5.3 10 U  6.2 9.9 U  5.9 8.2 U  4.9 7.9 U  4.8 8.9 U  5.3
1.3 U  0.6 1.1 U  0.51 1.3 U  0.6 1.2 U  0.58 1.0 U  0.48 0.99 U  0.47 1.1 U  0.52
1.3 U  0.63 1.1 U  0.54 1.3 U  0.63 1.2 U  0.6 1.0 U  0.5 0.99 U  0.49 1.1 U  0.54
1.3 U  0.29 1.1 U  0.25 1.3 U  0.29 1.2 U  0.28 1.0 U  0.24 0.99 U  0.23 1.1 U  0.26
1.3 U  0.64 1.1 U  0.55 1.3 U  0.64 1.2 U  0.62 1.0 U  0.51 0.99 U  0.5 1.1 U  0.55
1.3 U  0.54 1.1 U  0.46 1.3 U  0.54 1.2 U  0.52 1.0 U  0.43 0.99 U Q 0.42 1.1 U  0.47
1.3 U  0.8 1.1 U  0.69 1.3 U  0.81 1.2 U  0.78 1.0 U  0.65 0.99 U  0.62 1.1 U  0.7
1.3 U  0.69 1.1 U  0.59 1.3 U  0.69 1.2 U  0.66 1.0 U  0.55 0.99 U  0.53 1.1 U  0.6
1.3 U  0.38 1.1 U  0.33 1.3 U  0.38 1.2 U  0.37 1.0 U  0.31 0.99 U  0.3 1.1 U  0.33
1.3 U  0.37 1.1 U  0.32 1.3 U  0.37 1.2 U  0.36 1.0 U  0.3 0.99 U  0.29 1.1 U  0.32
1.3 U  0.98 1.1 U  0.84 1.3 U  0.98 1.2 U  0.95 1.0 U  0.79 0.99 U  0.76 1.1 U  0.85
1.3 U  0.72 1.1 U  0.61 1.3 U  0.72 1.2 U  0.69 1.0 U  0.57 0.99 U  0.55 1.1 U  0.62
2.6 U  1.6 2.2 U  1.4 2.6 U  1.6 2.5 U  1.6 2.0 U  1.3 2.0 U  1.3 2.2 U  1.4
4.1 U  1.3 3.5 U  1.1 4.1 U  1.3 3.9 U  1.3 3.3 U  1.1 3.2 U  1 3.5 U  1.2
2.0 U  0.51 1.7 U  0.44 2.0 U  0.51 2.0 U  0.49 1.6 U  0.41 1.6 U  0.4 1.8 U  0.44
82 U  69 70 U  59 82 U  69 79 U  66 66 U  55 63 U  53 71 U  60
1.3 U  1.1 1.1 U  0.92 1.3 U  1.1 1.2 U  1 1.0 U  0.86 0.99 U  0.83 1.1 U  0.93
1.3 U  0.28 1.1 U  0.24 1.3 U  0.28 1.2 U  0.27 1.0 U  0.23 0.99 U  0.22 1.1 U  0.24
1.3 U  0.66 1.1 U  0.57 1.3 U  0.67 1.2 U  0.64 1.0 U  0.53 0.99 U  0.52 1.1 U  0.58
1.0 U  0.77 0.87 U  0.66 1.0 U  0.77 0.99 U  0.74 0.82 U  0.61 0.79 U  0.59 0.89 U  0.67
1.3 U  0.86 1.1 U  0.73 1.3 U  0.86 1.2 U  0.83 1.0 U  0.69 0.99 U  0.66 1.1 U  0.74
1.3 U  0.7 1.1 U  0.6 1.3 U  0.7 1.2 U  0.68 1.0 U  0.56 0.99 U  0.54 1.1 U  0.61
5.1 U  3.5 4.4 U  3 5.1 U  3.5 4.9 U  3.4 4.1 U  2.8 4.0 U  2.7 4.4 U  3
2.0 U  1.3 1.7 U  1.1 2.0 U  1.3 2.0 U  1.3 1.6 U  1.1 1.6 U  1 1.8 U  1.1
1.3 U  0.43 1.1 U  0.37 1.3 U  0.43 1.2 U  0.42 1.0 U  0.35 0.99 U  0.34 1.1 U  0.38
5.6 J B 0.96 6.4 B 0.82 6.4 B 0.96 5.4 J B 0.92 4.9 J B 0.77 4.7 J B 0.74 4.7 J B 0.83
2.6 U  1.3 2.2 U  1.1 2.6 U  1.3 2.5 U  1.3 2.0 U  1.1 2.0 U  1 2.2 U J 1.2
1.3 U  0.8 1.1 U  0.69 1.3 U  0.81 1.2 U  0.78 1.0 U  0.65 0.99 U  0.62 1.1 U  0.7
1.3 U  0.74 1.1 U  0.63 1.3 U  0.74 1.2 U  0.71 1.0 U  0.59 0.99 U  0.57 1.1 U  0.64
1.3 U  0.78 1.1 U  0.67 1.3 U  0.78 1.2 U  0.75 1.0 U  0.62 0.99 U  0.6 1.1 U  0.68
1.3 U  0.8 1.1 U  0.69 1.3 U  0.81 1.2 U  0.78 1.0 U  0.65 0.99 U  0.62 1.1 U  0.7
1.3 U  0.75 1.1 U  0.64 1.3 U  0.75 1.2 U  0.73 1.0 U  0.6 0.99 U  0.58 1.1 U  0.65
8.2 U  4.1 7.0 U  3.5 8.2 U  4.1 7.9 U  3.9 6.6 U  3.3 6.3 U  3.2 7.1 U  3.5
1.3 U  0.88 1.1 U  0.75 1.3 U  0.88 1.2 U  0.85 1.0 U  0.71 0.99 U  0.68 1.1 U  0.77
1.3 U  0.5 1.1 U  0.43 1.3 U  0.5 1.2 U  0.48 1.0 U  0.4 0.99 U  0.39 1.1 U  0.43
1.3 U  0.86 1.1 U  0.73 1.3 U  0.86 1.2 U  0.83 1.0 U  0.69 0.99 U  0.66 1.1 U  0.74
2.0 U  0.86 1.7 U  0.73 2.0 U  0.86 2.0 U  0.83 1.6 U  0.69 1.6 U  0.66 1.8 U  0.74
1.3 U  0.29 1.1 U  0.25 1.3 U  0.29 1.2 U  0.28 1.0 U  0.24 0.99 U  0.23 1.1 U J 0.26
2.6 U  1.3 2.2 U  1.1 2.6 U  1.3 2.5 U  1.3 2.0 U  1.1 2.0 U  1 2.2 U  1.2
13 U  1.4 11 U  1.2 13 U  1.4 12 U  1.3 10 U  1.1 9.9 U  1.1 11 U  1.2
2.6 U  1.7 2.2 U  1.5 2.6 U  1.7 2.5 U  1.7 2.0 U  1.4 2.0 U  1.3 2.2 U  1.5
1.3 U  1.3 1.1 U  1.1 1.3 U  1.3 1.2 U  1.2 1.0 U  1 0.99 U  0.99 1.1 U  1.1

K03F‐04 K03F‐05
K03F‐04‐S‐8‐10
4/14/2011
8‐10 ft bgs

Test America

K03F‐04‐S‐28‐30
4/14/2011
28‐30 ft bgs
Test America

K03F‐04‐S‐18‐20
4/14/2011
18‐20 ft bgs
Test America

K03F‐05‐S‐8‐10
4/14/2011
8‐10 ft bgs

Test America

K03F‐04‐S‐28‐30‐Z
4/14/2011
Duplicate

Test America

K03F‐05‐S‐28‐30
4/14/2011
28‐30 ft bgs
Test America

K03F‐05‐S‐14‐16
4/14/2011
14‐16 ft bgs
Test America
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5.0 FATE AND TRANSPORT 

The site conceptual model for SWMU K03F is based on a release of fuel oil through cracks or 
filling of former Tank 2 followed by transport of contaminants to the soil.  When the fuel leaks 
from a storage tank, gravitational forces act to draw the fuel downward.  While fuel is migrating 
downward other forces act to retain the fuel, which is either adsorbed to the soil particles or 
trapped in the soil pore space.   

Based on data collected during the limited site investigation at SWMU K03F, TPH-d 
contamination beneath the former Tank 2 UST basin is limited vertically to a depth of 
approximately 20 feet bgs and horizontally to a width of approximately 15 to 20 feet.    

The contaminate pathway at K03F is through dissolution of residual TPH-d in the soil by 
infiltration of water.  Due to low rainfall in the Hawthorne area (<5 inches per year) and the 
approximate depth of groundwater is 80 to 90 feet bgs, it is unlikely that consequential amounts 
of water might move through the soil and leach contamination to groundwater.  Additionally, 
contaminant Fate and Transportation modeling completed at similar sites with similar soils and 
contamination (SWMU I07 and SWMU I08) supports TPH-d’s limited migration potential, Table 
5-1. 

Table 5-1 COPC Modeled Transport Depth Comparison   

SWMU COPC 
Highest COPC 
Concentration 

COPC 
Depth in 
Feet bgs 

Modeled 
Transport 

Depth in feet 
bgs 

I07* TPH-d 11,000 mg/kg 31-50  72  
I08** TPH-e (includes diesel and motor oil) 19,000 mg/kg 53  55  
K03F TPH-d 8,200 mg/kg 20   

*  Chung/Geofon, 2004. Final Remediation Report, Solid Waste Management Unit B29 and I07, Hawthorne Army 
Depot, Hawthorne, Nevada, February 2004. 

** Secor, 2004. Final Remedial Investigation Report Additional Soils Remedial Investigation SWMU I08, Building 
70 Pit/Landfill Hawthorne Army Depot, Hawthorne, Nevada. April 2004. 

5.1 Tier II SSTL for TPH-D 

A Tier II Site Specific Target Level (SSTL) for TPH-d at Site K03F was developed to assist in 
evaluating the potential risk posed by petroleum contaminated soils present at the site. A similar 
method for determining a SSTL for TPH-d was utilized at site K03a, b, d (Plexus, 2007).  NAC 
445A.22705, allows for the application of the ASTM Standard E-1739-95 Risk Based Corrective 
Action (RBCA) to develop Tier II SSTLs in setting site-specific risk criteria.  Because diesel 
contains relatively little of the more mobile and more toxic volatile organic compounds, the 
primary concern is on the prevention of free product on groundwater.  NAC 445A.22735 
requires that free product be reduced to less than 0.5 inch. Therefore the TPH-d SSTL was 
developed based on the prevention of free product migration to groundwater.  

5.1.1 Background 
Soil has the ability to retain non-mobile liquids in smaller and discontinuous pore spaces.  The 
amount that a soil can hold is called its residual saturation.  Once residual saturation has been 
exceeded, the liquid can migrate.  Diesel exists as a light non-aqueous phased liquid (LNAPL) 
and is held in retention along with water.  The American Petroleum Institute (API) published a 
summary of empirical models and compared the results with experimentally measured residual 
saturated values (API, 2000).  The results of these comparisons were used to develop 



SWMU K03F Technical Memorandum 
Hawthorne Army Depot, Hawthorne, Nevada 

5-2 

screening level criteria for specific soils and products. The evaluation of the TPH-d SSTL will 
consider both the empirical results and the recommended values provided by the API. 

5.1.2 Empirical Models 
The API utilized three empirical models in developing a method for conservative screening 
levels. These included 1) a zero water method; 2) a field moisture capacity method (both 
developed by Hoag and Marley, 1986); and 3) a method developed by Zytner (1993).  The Hoag 
and Marley methods are both based on average soil particle diameter and that residual 
retention is related to available surface area.  In the zero water method, all the pore spaces are 
available for the LNAPL.  In the field moisture capacity method some of the available pore 
space is occupied by water.  Therefore, field conditions would be expected to range somewhere 
between the two methods. The Zytner method is based on observed relationships of residual 
saturation and the ratio of product density over soil bulk density.  Equations are shown below 
and the results empirical models are summarized in Table 5-2. 
 
The zero water method is as follows: 

 
Where:  dp = average grain diameter (in cm). Site soils are fine to medium sands.  Average grain size 
is assumed to be 0.01 to 0.05 cm (recommended by API) 

 
The field moisture capacity method is as follows: 

  

The Zytner method is as follows 

 

Where: t= total porosity, use 0.41, This is the average of fine to medium sand by Todd (1980). It is 
also the value recommended by API.  
o= product density, use 0.8, this is the value recommended by API for diesel fuel (middle distillate). 
s= soil dry bulk density (1.56 Calculated from porosity). 

 
Table 5-2 Summary of Empirical Residual Saturation Results (Diesel) 

Average grain diameter 
(cm) 

Residual Saturation (mg/kg) 

0.05 0.01 Average 

Zero Water 56,000 174,000 115,000 
Field Moisture Capacity 32,000 55,000 43,000 

Zytner 71,000 NA 
Average of all -- 77,000 

Notes:  
mg/kg - milligrams per kilogram 
cm - centimeter 
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API Recommended Values 

The API defined residual saturation to be as follows: 

 
 Where: Sr= soil retention fraction (see text below) 
θt= total porosity, use 0.41, this is the average of fine to medium sand by Todd (1980). It is also the 
value recommended by API.  
ρo= product density, use 0.8, this is the value recommended by API for diesel fuel (middle distillate) 
ρs= soil dry bulk density (1.56 Calculated from porosity) 
 
The value for Sr was determined by the API by statistical evaluation of the above methods 
(plus the Zytner method) against measured residual saturation concentrations. This 
evaluation found that the median trend (50% confidence) was for diesel in fine to medium 
grained sand to have a Sr value of 0.19.  Additionally, the value of Sr was 0.05 for diesel in 
fine to medium grained sands at confidence level of 90%. At a 90% confidence there is only 
a 10% probability of a measured value exceeding the calculated value.  Results of the API 
values used in equation 4 are provided in Table 5-3. 

 
Table 5-3 Summary of API Residual Saturation Results 

Confidence level Residual Saturation (mg/kg) 

50% 40,000 
90% 11,000 

Notes 
% - percent 
mg/kg - milligrams per kilogram 

5.1.3 Tier II SSTL Summary 
Results of the empirical models indicated a residual saturated value of between 32,000 and 
174,000 mg/kg.  The average of the three methods is higher than the median API value. 
Therefore, applying the 90% confidence value of 11,000 mg/kg would provide an acceptable 
conservative margin.  Groundwater contacting fine- to medium-grained soils with a TPH-d 
concentration less than 11,000 mg/kg would not likely result in free product.    

Only one soil sample was found to exceed the 90% confidence level at a TPH-d concentration 
of 25,930 mg/kg but it was far below the median (50%) value for residual saturation.  The 
sample was collected in 1993 from a depth of 17 feet bgs and groundwater is at a depth of 
approximately 80-90 feet bgs.  Furthermore, in 2011 the highest TPH-d concentration detected 
was 8,200 mg/kg at 7.5-9.5 feet bgs, which is below the 90% confidence level.  Given the depth 
of the soil sample above groundwater, if mobile product exists at this depth, the concentration 
would continue to decrease with vertical migration until it was immobilized.  




