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plastic liners, furnished with irrigation,
drainage and soil-water monitoring sys-
tems, and surrounded by a berm. This
process is one of the older and more widely
used biological treatment technologies for
waste treatment. Landfarming is relatively
simple and inexpensive to implement, but
has a lower level of process control com-
pared to other forms of biological treatment.
Landfarming is also relatively land intensive
due to the thin layer of soil required for
aerobic treatment.

Explosives treatment processes use two
general approaches to bioremediation—
biostimulation and bioaugmentation.
Biostimulation relies on altering external
conditions such as temperature, mixing,
nutrients, pH, soil loading rates and oxygen

transfer to favorable conditions for growth
of native microbial populations. Bioaugmen-
tation relies on these same factors to a
lesser extent, and also relies on the use of
additional inoculants to increase the per-
formance of the system. Inoculants usually
employ cultures taken from other sites
known to contain explosives-degrading mi-
crobial or fungal populations.

Composting and aerobic bioslurry systems
for explosives-contaminated soils generally
use the biostimulation approach. Inocula-
tion of these systems has not substantially
increased the overall efficiency of the
treatment process [14-16]. Anaerobic bios-
lurry, white rot fungus treatment and land-
farming have generally used the bioaug-
mentation approach. Some overlap occurs

Table 1.  Bench scale treatability studies.
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in the presence or absence of inoculants in
aerobic and anaerobic bioslurry treatment
systems [17-22].

MINERALIZATION/
TOXICOLOGY

With an incomplete understanding of the

complete TNT biodegradation pathway,
laboratory and bench scale treatability
studies have employed the use of radiola-
beled (14C) TNT to establish mass balances
for the extent of mineralization. Results of
radiolabeled studies indicate 5% to 30%
mineralization in compost residues, 15% to
23% in aerobic bioslurry reactors, and up to

Table 2.  Pilot scale treatability studies (continued in next table).
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REMEDIAL DESIGN/REMEDIAL
ACTION (RD/RA)

Since a majority of explosives-
contaminated sites are federal facilities or
formerly used defense sites (FUDS), a dis-
cussion of government contracting proce-
dures for Remedial Design/Remedial Ac-
tion (RD/RA) is appropriate. The pilot scale
treatability test may serve as a 30% Re-
medial Design (RD) and should be included
as government-furnished information in the
Remedial Action (RA) solicitation/contract
documents to provide independent verifica-
tion that the selected biotreatment system
is capable of achieving the cleanup levels
required for the site. The Remedial Design
(RD) should also focus on developing per-
formance specifications so that a Request
for Proposals (RFP) or pre-placed Reme-
dial Action contract can be bid and
awarded. An RFP or pre-placed RA con-
tract will allow the site's technical evalua-
tion team to clearly evaluate the contrac-
tor's capability to perform in accordance
with the solicitation requirements prior to
implementation of the full scale treatment
system.

If proprietary biotreatment processes are
proposed, sole source contracting or pro-
curement may be required to obtain the
services of the treatment vendor. Sole
source procurement under government
contracting procedures requires extensive
justification and, in many cases, may not be
possible if there are other processes or
contractors that can meet the government's
minimum performance specifications. Con-
tracting officers should also clearly evaluate
what procedures are in place should the
contractor's treatment system fail to meet
the cleanup criteria established for the site.
Full scale treatment trials, similar in function
to incineration test burns, should be per-
formed before beginning full scale opera-
tions. Value engineering (VE) sessions may
be of limited usefulness where there is no
previous full scale treatment experience,
except for materials handling processes

[36]. The RD should include an explosives
safety hazards analysis by a competent
explosives safety expert. All contaminated
soils handling and treatment equipment
should be evaluated to identify any con-
cerns or equipment modifications required
for full scale materials handling operations.
Unexploded ordnance (UXO) may also be
present at disposal sites and presents a
serious safety concern. UXOs must be lo-
cated and removed or deactivated before
excavation work begins.

Umatilla Army Depot and Naval Submarine
Base Bangor are currently involved in Re-
medial Design (RD) of composting biore-
mediation treatment systems [37]. Umatilla
has completed excavation and stockpiled
14,800 tons of soil for treatment. The Seat-
tle District Corp of Engineers (COE), EPA
Region 10, Oregon DEQ and the U.S.
Army Environmental Center are reviewing
the Remedial Action Management Plan
(RAMP) for full scale treatment operations
[38]. Full scale treatment trials are sched-
uled to begin in mid-1995. SUBASE Ban-
gor has completed pilot scale treatment tri-
als which began in late 1994. The results of
the treatability study and development of
the Remedial Design will be reviewed by
the U.S. Navy, EPA Region 10 and the
Washington Department of Ecology [39].
Both the Umatilla and Bangor sites utilize
an asphalt liner and temporary building to
house the biotreatment system [40]. Con-
sistent with the Superfund National Contin-
gency Plan (NCP) objectives, biological
treatment of explosives-contaminated soils
provides the opportunity to implement ef-
fective innovative treatment technologies at
a lower cost than incineration. In the past,
incineration has been used as the selected
treatment technology at all NPL sites with
explosives-contaminated soil. Actual costs
for biological treatment will be refined dur-
ing full scale remediation.
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