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A BLUE PRINT FOR BUILDING A RISK ASSESSMENT

H. Keith Otsuki and Ellen Eagan-McNeill
Environmental Protection Department, L-627

Lawrence Livermore National Laboratory
Livermore, California 94550

ABSTRACT

United States Federal and state regulations require the operator of a “miscellaneous”
waste treatment unit to demonstrate compliance with the environmental performance
standard.  The authors prepared a risk assessment as a means of demonstrating
compliance for a “miscellaneous treatment unit,” a new Open Burning and Open
Detonation (OB/OD) facility for explosives wastes at Lawrence Livermore National
Laboratory’s experimental test site.

Simplified, the process of performing a risk assessment consists of:

• Characterization of the treatment operation and estimation of emission rates.
• Evaluation of the emission dispersion to estimate acute exposure.
• Evaluation of human and environmental risks.

Each step may require the environmental analyst to perform detailed data gathering,
modeling, and calculations, and to negotiate with facility operations personnel and
regulatory representatives.  The Risk Assessment Protocol, which explains the
assumptions, model selection and inputs, and data selection, must ultimately withstand
the rigors of regulatory review and public scrutiny.

Keywords: open burning, open detonation, risk assessment, miscellaneous treatment
unit, explosives waste, Lawrence Livermore National Laboratory, Site 300

INTRODUCTION

At its Experimental Test Site 300, Lawrence Livermore National Laboratory (LLNL)
operates one of the most advanced research facilities for the study of explosives
(Figure 1).  “Site 300” is located on a 319-hectare (11-square-mile) site in rugged
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Figure 1.  Explosives testing at LLNL’s Site 300 in California
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terrain 24 kilometers (15 miles) east of Livermore, California, and about 105 kilometers
(65 miles) southeast of San Francisco. To provide continuing support for its explosives
research, LLNL determined the need for a new Open Burning and Open Detonation
(OB/OD) treatment facility to manage explosives wastes.

Both United States Federal regulations (Section 264, Subpart X, and Section 270.23 of
Title 40 of the Code of Federal Regulations) and California state regulations (Title 22,
Division 4.5, Chapters 14 and 20 of the California Code of Regulations ) address
OB/OD facilities as “miscellaneous treatment units” (Subpart X).  The operator of a
miscellaneous unit is required to demonstrate compliance with the environmental
performance standard, i.e., to demonstrate that the facility is located, designed,
constructed, operated, maintained, and closed in a manner that will ensure protection of
human health and the environment.  LLNL chose to demonstrate environmental
compliance with a risk assessment.

The Site 300 Explosives Waste Treatment Processes

The OB/OD treatment facility at Site 300 consists of three distinct treatment units:  a burn
cage, a burn pan, and a detonation pad.  Open burning of explosives waste occurs at two
different units:  on the burn pan and in the burn cage shown in Figure 2.  The metal burn
pan is used for the treatment of small pieces and powders of explosives waste.  The burn
cage is used for the treatment of explosives-containing process waste sludge, explosives-
contaminated packaging, and explosives-contaminated laboratory waste.  Propane fuel,
supplied from a protected fuel tank, is used in the burn cage unit.  The open detonation
pad (Figure 3) is used for the treatment of those waste explosives whose configuration
requires treatment by open detonation.

THREE MAJOR TASKS TO DEVELOP A RISK ASSESSMENT
PROTOCOL

The development of a risk assessment for an OB/OD project is a complex undertaking,
requiring the coordination and integration of a broad range of professional skills and
expertise.  In simplified form, however, the process of creating such a risk assessment
consists of three major tasks:

• Characterization of the treatment operation and estimation of emission rates.

• Evaluation of dispersion for the emissions to estimate exposure.

• Evaluation of human and environmental risks.

Each task required us to gather detailed data, evaluate available models, perform
modeling and calculations, and negotiate with regulatory agencies.  The Risk
Assessment Protocol is a negotiated document that details and explains the assumptions,
model selection, model inputs, and data selection required to prepare the risk assessment.
The final content of the protocol document reflects specific concerns of the regulatory
agency staff (e.g., the permit writer, dispersion modeler, and toxicologist).

CHARACTERIZATION OF THE TREATMENT OPERATION AND
ESTIMATION OF EMISSION RATES

Identification and Quantification of Waste Feed Materials

The first step in the development of a risk assessment is to characterize the waste feed
materials.  For the OB/OD Risk Assessment at Site 300, we characterized the
explosive waste feed both by the waste generation process and by chemical



4

8-ft-high security fence

Burn cage

Burn pan

Decontamination pad

Remotely controlled removable pan cover

High-energy, 
low-projectile barricade

Video camera

Crash gate

Crash gate

Storage building 

Burner control panel 
with audible/visible alarms

Weather 
instrumentation 

Residual storage

Propane tank/vaporizer

Emergency eyewash/shower

Concrete magazette 

Control Bunker 

4-ft-high chain link fence

Gravel pack detonation pad
(8-ft minimum depth)

Video camera 
with movable metal shield 

Weather instrumentation,
audible/visible alarms 

Figure 3.  Artist’s rendering of proposed open detonation unit at LLNL

Figure 2.  Artist’s rendering of proposed open burn unit at LLNL
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classification of the waste. This characterization step is important because the waste form
determines the waste treatment requirements.  Our characterization by the generation
process yielded the four explosive waste forms defined in Table 1.

Table 1. Waste forms

Form 1: Explosives requiring detonation

Form 2: Explosives waste (“parts and pieces”)

Form 3: Wastes from explosives collection systems

Form 4: Reactive debris

For this specific LLNL project, characterization by chemical classification divided the
explosives waste into seven chemical classifications based on chemical structure.
Identifying the chemical classifications was necessary because the chemistry determined
the emissions characteristics.  We reviewed explosives formulations and, based on
halogen content and total throughput, selected 13 formulations to represent worst-case
conditions.  These explosives formulations are shown in Table 2.

Characterization of the Effluent Stream

A thermodynamic combustion model used the specific explosives formulations to
estimate the volume of exhaust gas that would be generated and the exit temperature. To
estimate emissions from OB/OD treatment, we utilized emission factors and emission
data for open detonation and open burning obtained from a variety of sources, including
the United States Army Armament, Munitions, and Chemical Command (AMCCOM,
1992); the United States Air Force, Air Combat Command (AFACC, 1994); LLNL data;
related industry data; and the California Air Resources Board (CARB, 1994).  We
developed a database of emission factors for more than 100 chemical compounds from
these sources.

EVALUATION OF DISPERSION FOR THE EMISSIONS

After we characterized the treatment operation and estimated emission rates, we utilized
various modeling rationales to evaluate overall dispersion of the emissions.  This
dispersion evaluation would provide the data we needed to estimate exposure.  The
mathematical models that we used, supplemented by meteorological data specific to Site
300, included:

• The TIGER code (Cowperthwaite and Zwisler, 1973).  This chemical
combustion code identifies the major products of combustion and associated
heat releases for the principal waste treatment scenarios and calculates the
associated heat release rates, volumes, and temperatures of the toxic gases.

• The Briggs formulas (Briggs, 1969) for buoyant plume rise. These formulas
estimate the height of the final plume rise for a given open burn (based on the
calculated heat release and meteorological data).

• The formulas developed by Homann (1994) for the HOTSPOT code, and by
Baskett and Cederwall (1991).  We used these formulas to partition the plume
occurring from an open detonation into five separate elements (puffs) and to
estimate the height of the final plume rises for each element.

• INPUFF code (Peterson and Lavdas, 1988).  Using the estimated plume rise
and meteorological conditions as inputs, we used INPUFF code to estimate
the downwind concentrations.  Estimation of downwind concentrations
proved useful in determining the potential acute or short-term health risks.
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• INPUFF code also estimated the downwind concentrations of the combustion
products.  We used this data to determine potential chronic or long-term
health risks by performing suitable averages over wind directions, wind
speeds, and atmospheric stabilities observed at the OB/OD facility.

Table 2.  Explosive formulations for modeling

Group
number Chemical grouping “Worst-case” formulation

Possible additional
formulations

1 Nitro-aromatic Boracitol
40% TNT
60% Boric acid

LX-15
95% HNS
5% Kel-F 800

2 Nitro-amino-aromatic LX-17
92.5% TATB
7.5% Kel-F 800

N/A

3 Nitro-aliphatic LX-01
51.7% NM
33.2% TNM
15.1% 1-nitropropane

N/A

4 Nitramines PBX-9404
94% HMX
3% NC
3% CEF and
LX-04
85% HMX
15% Viton A

LX-11
80% HMX
20% Viton A and
HBX
31% RDX
29% TNT
35% Aluminum
5% D2 wax
0.5% Calcium chloride

5 Nitrate esters XTX-8003
80% PETN
20% Silicone rubber

LX-08
63.7% PETN
34.3% Sylgard 182
2.0% Cab-o-sil

6 Inorganic nitrates Minol-2
40% AN
40% TNT
20% Aluminum

RX-35-BX
14% Aluminum
30% Sodium nitrate
24% RDX
0.1% MNA
8.9% PEG
1% D-100
16% TMETN
6% TEGDN

7 Perchlorates Carboxy-terminated
Polybutadiene Propellant
69% AP
19% Aluminum
10% Polybutadiene
1% Nitrodiphenylamine
1% crosslinking agent

N/A

N/A = Not applicable.
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Selection of an Air Dispersion Model

For this type of modeling scenarios, we evaluated plume growth and buoyancy.  A
number of criteria impacted our selection of the air dispersion model, including:

• Preference for U.S. Environmental Protection Agency- (EPA-) certified or
EPA-developed models.

• Open domain models versus proprietary models.
• Continuous source versus intermittent/episodic source.
• Complex terrain (i.e., elevated receptor locations).
• Single source versus multiple sources.
• Plume buoyancy.

Our needs were best met by INPUFF code, an EPA-developed, three-dimensional
gaussian plume model for neutral or buoyant plumes from multiple intermittent/episodic
sources.  Developed by Peterson and Lavdas (1988), INPUFF models the transport and
dispersion of neutrally buoyant and buoyant gases.

Air dispersion modeling requires estimation of buoyant plume rise.  For OD operations,
due to the relatively “instantaneous” nature, we segmented the plume into five distinct
parts (puffs) and estimated the plume rise of each part, based on formula in the
HOTSPOT code developed by Homann (1994) and Baskett and Cederwall (1991).  For
OB operations, the plume rise estimate was based on Briggs’s methodology (1969) for
quasi-continuous releases.

Although the terrain at Site 300 is quite rugged, none of the receptor locations of concern
is elevated relative to the proposed treatment site.  This proved to be an advantage
because it dispensed with the need to include complex terrain features, and we were able
to use a single source location for modeling, which greatly simplified the analysis of the
results from our air dispersion modeling.

Input Values for the Air Dispersion Model

Emission characteristics, receptor locations, and meteorological data are important
aspects of the modeling effort.  Because we were able to use a single source location for
modeling, the model algorithm for estimating ground-level exposure concentrations
became a linear function of the source strength.  In order to have the dispersion model
output in the form of χ/Q (concentration divided by source strength), we used unitary
source strength.

For INPUFF, the puff release rate and the initial sigma values define the size and
distribution of the initial plume.  These input variables are unique to episodic puff
models.  In continuous-source gaussian plume models, the volume flow rate provides
the equivalent information.

Most models, including INPUFF, have a sub-routine that calculates plume rise.  Stack
temperature, stack height, stack gas velocity, stack diameter, and volume flow are the
variables generally used to calculate plume rise.  We calculated plume rise for open burn
and open detonation using other algorithms and then entered the calculated plume rise
into the model (Holtzworth, 1972).  Typical input parameters are provided in Table 3.

We established a 10-kilometer working radius around the treatment unit to identify
potential sensitive receptors and agricultural receptors (a radial-receptor grid).  The
receptors were located at 0.2-kilometer intervals for the downwind range of 0 to
3 kilometers from the source, 0.5-kilometer intervals for the downwind range of 3 to
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6 kilometers from the source, and 1-kilometer intervals for the downwind range of 6 to
10 kilometers from the source.  Typical receptor locations are provided in Table 4.

Table 3.  Emissions characteristics

Initial sigmas

Meteorological inputs

Mixing height

Puff release rate

Source strength

Stack temperature

Stack height

Stack gas velocity

Stack diameter

Volume flow

Table 4.  Receptor locations

Property boundaries

Sensitive receptors (schools, hospitals, day care providers, convalescent homes)

Agricultural receptors (farms, ranches, gardens, surface water supplies)

Environmental receptors (wetlands, endangered species habitat)

For the model, we developed a representative set of meteorological data that covered the
expected conditions and selected data to be representative of the observed combinations
of specified wind speed intervals and stability classifications.  Because LLNL
administrative controls prohibit OB/OD operations at night or under high wind
conditions, night stability classifications and high wind speeds were not modeled.  Table
5 provides the meteorological data inputs.

Table 5.  Meteorological data

Wind direction

Wind speed

Mixing height

Stability class

Air temperature

Calculation of Exposure Concentrations

Because we used a single source location for modeling, wind direction had minimal
impact on modeling exposure concentrations.  Wind direction, therefore, was held
constant; and the receptor locations were located along the plume centerline.  Twenty-one
combinations of wind speeds and stability classes were modeled to determine the
maximum air dispersion coefficient (χ/Q).
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EVALUATION OF HUMAN AND ENVIRONMENTAL RISKS

The final phase of the risk assessment development was the evaluation of ecological and
environmental risks from exposure.  To calculate the chronic air dispersion coefficient
(χ/Q), the 21 acute modeling runs were combined as a time-averaged value.  The on-site
windrose provided data to determine the probability for the occurrence of each
combination of wind speed, wind direction, and stability class.

When we completed our estimation of air- and ground-level concentrations from
dispersion modeling, we set exposure levels and routes.  Exposure was considered to
include the following pathways:

• Inhalation of gases or particulates.
• Soil ingestion based on deposition of airborne emissions onto the soil.
• Dermal absorption by contact with soils where deposition of airborne

emissions have occurred.
• Human milk ingestion by infants.
• Dairy, beef, pork, poultry, and garden produce ingestion (secondary routes).

Whether or not a pathway is complete and the potential for significant exposure exists
depend upon the type of pollutants emitted, the magnitude of emissions, and the
surrounding land use.  The maximum hourly averaged emission rates for each
compound and the maximum off-site value of χ/Q were used to estimate the acute health
risk.  The annual-averaged emission rates for each compound and the maximum chronic
off-site value of χ/Q were used to estimate the chronic health hazard and the cancer health
risk for air and soil exposure pathways.  The maximum off-site value of χ/Q was also
used to estimate cancer health risks resulting from dietary exposure pathways (e.g., milk,
beef, and garden produce, etc.).

Human Health Evaluation

In order to compute potential health risks and hazards for human exposure, we
considered four different receptor populations developed in accordance with regulatory
guidelines (EPA, 1991a, 1991b, 1992a, and 1992b):

• A maximally exposed individual (MEI) with an exposure period of 70 years.
• A reasonably exposed individual (REI) with an exposure period of 44 years.
• An average exposed individual (AEI) with an exposure of 9 years.
• A child with an exposure period of 6 years (non-cancer, chronic health effects

only).

Three different potential health effects were addressed:

• The potential chemical-specific and total excess lifetime cancer risk.
• The potential non-cancer hazard from long-term exposure (chronic).
• The potential non-cancer hazard for short-term exposure (acute).

Exposures of the MEI, REI, AEI, and child were applied at the point of highest off-site
impact.  It is important to note that, because of the nature of the explosives waste
treatment, the predicted overall maximum impact occurs within the boundaries of the
treatment area.  As required for explosives safety, worker exposure at the treatment area
is controlled by limited access.

A combination of methodologies consistent with current EPA and California EPA
requirements were utilized to estimate risk and hazard.  In order to characterize
carcinogenic risk and chronic non-cancer health effects, we used the annual-averaged
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emission rates for each compound and the maximum value of χ/Q to estimate the
chronic health risks from inhalation and ingestion/dermal absorption routes of exposure.

The maximum off-site value of χ/Q was also used to estimate cancer health risks
resulting from dietary exposure pathways (e.g., milk, beef, and garden vegetables) via the
Health Risk Assessment (HRA) Program, Version 1.1, developed by the California Air
Resources Board and Office of Environmental Health Hazard Assessment of the
California Environmental Protection Agency (CARB/OEHHA, 1992).  The chronic
health assessment was made based upon utilization of the following reference sources,
by priority:  1) utilization of the HRA, Version 1.1, and 2) potency slopes and unit risk
listed in the EPA’s Integrated Risk Information System (IRIS) database (EPA, 1995a);
the EPA’s Health Effects Assessment Summary Tables (HEAST) (EPA, 1995b); the
California Cancer Potency Factors:  Update  (California Environmental Protection
Agency [Cal EPA]/OEHHA, 1994); and the Preliminary Remediation Goals of the
EPA, Region IX (1995), for inhalation and ingestion (oral) slope factors and reference
doses (RfDs).

The HRA (CARB/OEHHA, 1992) calculates cumulative health impacts based on an
internal library of chemicals and their properties.  Where we had limited toxicity data
available or where the HRA failed to address the impact, we developed toxicological
values through the assignment of surrogate compounds.

Ecological Evaluation

In addition, we conducted a screening-level ecological evaluation of potential adverse
effects of contaminants on plants and animals living in the area surrounding the facility.
The evaluation used the Preliminary Endangerment Assessment (PEA) Guidance
Manual (Cal EPA/[California] Department of Toxic Substances Control [DTSC], 1994)
rationale.  This screening-level ecological evaluation described the facility, its flora and
fauna, and potential exposure pathways.  It also compared projected concentrations of
selected chemicals resulting from OB/OD operations with reported concentrations having
toxicological effects.

Plants and wildlife may potentially be exposed to contaminants through a number of
pathways.  Identified pathways include:

• Uptake, accumulation, and transpiration of contaminants of potential concern
by plants.

• Direct exposure to and ingestion of contaminated media by wildlife.
• Inhalation of contaminants of potential concern present in the air by wildlife.
• Ingestion of contaminants of potential concern by wildlife through food-chain

links (such as consumption of vegetation or prey items containing
contaminants of potential concern).

Because of the number of potential contaminants of concern and the number of plant and
wildlife species occurring in the area, we evaluated the potential effects of selected
chemicals on plant and animal species.

SUMMARY AND CONCLUSIONS

Over the course of the risk assessment development, we continually communicated
and negotiated with regulatory representatives.  Because explosives waste treatment is
an atypical operation, we considered the need for educational seminars, site visits,
and demonstrations in order to familiarize the regulators with uniqueness of the waste
stream and Site 300 operations.  We also recognized that it was essential to obtain
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acceptance from all parties throughout the data gathering, modeling, and risk assessment
process to facilitate final acceptance.  Establishing ongoing negotiations was one of the
single most critical elements of the risk assessment.  Depending upon the complexity of
the project and its operations, these negotiations typically involved several regulators
from various disciplines, e.g., toxicologists, air dispersion modelers, project managers.
We sought open communication as much as possible.

At time of publication, the public notice for the permit is anticipated in June 1997.
Regulatory representatives have deemed the risk assessment “consistent with Federal and
state risk assessment guidelines, and constitutes a conservative appraisal of potential
human health and environmental impacts that may result from hazardous waste treatment
operations at the facility” (Salocks, 1997).
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