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Introduction 
The large, highly compartmentalized configurations of buildings at many Department of Energy 
(DOE) facilities call the validity of traditional, simplistic methods for estimating contaminant leak 
path factors (LPFs) into question. Conversely, rigorous calculation of LPFs using detailed flow- 
field analysis computer codes is impractical for routine analysis. This paper describes a recent 
application of a rigorous, yet practical, method of calculating LPFs for the Chemical and 
Metallurgical Research (CMR) Facility at Los Alamos National Laboratory (LANL). The approach 
involves computer simulation of airborne contaminant transport using the MELCOR computer 
code. MELCOR is a general-purpose, fluid flow and aerosol transport analysis code originally 
developed by the U.S. Nuclear Regulatory Commission to evaluate the release, transport, and 
deposition of radionuclides in nuclear reactor systems. However, the fundamental mathematical 
models in the code and the modular code architecture make it suitable to the CMR analysis. 

Overview of MELCOR 

Although MELCOR was developed to calculate the response of commercial nuclear reactors to 
accidents involving severe damage to reactor fuel, major elements of the code are generally 
applicable to many other problems. In particular, the code modules that calculate fluid flow, heat 
transfer, thermodynamics, and transport of airborne contaminants (aerosol and vapor) are readily 
adaptable to the evaluation of hazardous materials within DOE facilities. This observation also was 
made by a working group of safety analysts from several DOE laboratories.’ 

MELCOR is a control-volume (or lumped-parameter) code. These codes differ from flow-field 
analysis codes in the level of detail with which they represent the properties of, and forces acting 
on, fluid within a region of interest. Control-volume codes represent gradients in fluid flow and 
properties in one dimension, rather than in the two or three dimensions typical of flow-field 
analysis codes. Thus, a real-world system must be subdivided into a network of interconnected 
“control volumes” that represent regions of space along the line(s) of bulk, or average, fluid flow. 
Because the multidimensional aspects of local flow/property gradients are not evaluated in control- 
volume codes, the level of detail with which a three-dimensional space of interest must be subdi- 
vided is reduced. For example, a flow-field analysis code may subdivide a single room into 
hundreds or thousands of individual “nodes,” but the entire room might be represented by a single 
control volume with a control-volume code. Thus, the fundamental rule for the applicability of 
control volume codes is uniformity of internal fluid properties. Provided the transport of airborne 
materials from one region of space to a neighboring region of space is dominated by “average” (or 
bulk) fluid properties within those regions, a control-volume model provides a reasonable 
representation of overall system behavior. 



Description of the MELCOR Model of CMR 

The =COR model developed to analyze the CMR facility is shown in Figure 1. The model (and 
calculated results) described here examine airborne contaminant transport within a representative 
single wing of the facility. That is, the model is not configured in a way that focuses on the details 
of a particular laboratory wing. However, the control-volume and flow-path configurations in this 
model represent the major features of all wings in CMR that affect contaminant transport. 

MELCOR Representation of Laboratory/Office Space and Wing 
Ventilation 

The laboratories, office space, and corridors that comprise a typical wing in CMR were translated 
to control volumes for use in MELCOR as shown in Figure 2. Control-volume size and 
configuration were selected based on engineering judgment with the general guideline being that 
each control volume should represent a region of the wing in which the thermodynamic and 
atmosphere flow conditions would be approximately uniform. The principal thermodynamic 
conditions of interest are the relative pressures of various regions of the wing during normal 
operation (with W A C  operating) and temperature or pressure disturbances caused by postulated 
laboratory accidents. Because these disturbances would tend to affect laboratories and offices 
closest to the affected laboratory, greater spatial detail is represented on the “near” side of the wing 
than on the “far’ side.” The attic, basement, and spinal corridor are not represented in this model. 

The HVAC system was represented by a network of thirty “flow paths” that connect 
laboratory/office control volumes with HVAC distribution headers. This network is shown in 
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Figure 1. Overview of MELCOR model of a typical wing in CMR. 



l o  
4 

Figure 2. 
office space, and corridors. 

MELCOR control volumes and flow paths representing wing laboratories, 

Figure 3. The MELCOR model did not attempt to represent the actual distribution and length of 
HVAC ductwork within a typical wing. The modeling network focused on the flow distribution 
and pressure differentials under nominal flow conditions within the wing. MELCOR calculates 
flow distribution among the flow paths and resulting differential pressures between connected 
control volumes based on loss coefficients (K-factors) specified as part of the CMR facility model 
input. Values for the loss coefficients were estimated based on the nominal flow rates and pressure 
differential pressures for typical duct sizes. Four supply fans and four exhaust fans provide the 
driving force for ventilation flow and are modeled using simplified fan flowhead curves. 

Twenty-one additional flow paths are included in the CMR wing model to represent doors and 
other openings between adjacent control volumes within the wing. These flow paths are shown in 
Figure 2.  No attempt was made to model the closing logic of doors, etc. It was assumed that all 
doors remained in a fixed (typically closed) position and had louvered panels to allow minimal 
flow between adjacent rooms. Penetrations through the walls separating neighboring laboratories 
and oftices also were modeled. 

Finally, flow paths were included to represent leak paths to the environment (also shown in 
Figure 2). Leak paths through openings in all four sides of the building were represented. 
Important leak paths represented this way included airflow from the corridor at the end of the wing 
into the filter tower, airflow through the double doors into the spinal corridor (considered to be the 
“environment” in this analysis), and airflow from the outer corridors directly to the environment 
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Figure 3. MELCOR flow network for CMR wing HVAC. 

through the emergency exit doors located on each side of the wing. These doors normally are 
assumed to be closed during the accident. However, calculations were performed to examine the 
effects of one or both of these doors being left in the open position. The locations of these 
evacuation doors are shown in Figures 1 and 2. 

Concrete floors and ceilings were modeled as “heat structures” in this MELCOR model. The 
surface areas and mass of HVAC ducting also were represented in an approximate fashion and 
assumed to have the properties of stainless steel,. The walls separating rooms also were 
represented by heat structures with steel properties. 

Testing of CMR MELCOR Model 

The MELCOR model of the CMR wing was exercised in a manner that simulated normal “steady- 
state” operation of the facility. Calculated flow rates through various portions of the wing and 
resulting differential pressures between laboratories, offices, and the environment were examined 
and compared with nominal operating conditions in the actual facility. The calculated values were 
within -10% of nominal operating characteristics, indicating that the model provided a reasonable 
representation of overall airflow within a representative wing of the facility. 



Accident Simulations 

Our MELCOR model has been used to estimate LPFs for a wide spectrum of postulated accident 
conditions, including laboratory fires and gas explosions. A typical laboratory fire analysis is 
summarized below. 

Laboratory Fire 

The accident scenario involves a fire in a single laboratory that is assumed to not spread to 
neighboring rooms. This fire is postulated to have a combustible loading of 1 lb/@ of cellulose 
and produce a maximum heat release rate of approximately 2 MW for 1800 s. Seven variations of 
the explosion scenario were examined. 

1. 

2. 

3. 
4. 
5. 

6 .  

7. 

Laboratory fire based on l-lb/ft? combustible material load with the HVAC system 
operating normally. All building exterior doors are assumed to be closed, and the effects of 
wind outside the building are ignored. 
The same as Case 1, but a 10-mph (constant speed) wind is assumed to persist outside the 
building. 
The same as Case 1, but the HVAC system is assumed to 
The same as Case 3, but a 10-mph wind is assumed to persist outside the building. 
The same as Case 3, but a 10-mph wind is assumed to persist outside the building, and the 
outer corridor evacuation door on the “downwind” side of the building &e., closest to the 
affected laboratory) is assumed to be open. 
The same as Case 3, but a 10-mph wind is assumed to persist outside the building, the 
outer corridor evacuation door on the “downwind” side of the building (i.e., closest to the 
affected laboratory) is assumed to be open, and the W A C  inlet dampers are assumed to be 
stuck in the full-open position. 
A fire with a larger burn area and more fuel than the base case. This fire is characterized by 
a heat release rate 25% larger than the base-case scenarios with twice the combustible load 
(i.e., 2 lb/ft2). 

be operating. 

For cases in which the effects of wind outside the building are modeled, the pressure gradient 
across the building is estimated as follows. The wind is assumed to be blowing at 10 mph 
perpendicular to the building (right to left in Figures 1-3). This produces an increase in pressure 
on the upwind (right-hand) face of the building and a decrease in local pressure on the downwind 
(left-hand) face of the building. The magnitude of these pressure differences can be calculated by 
correlating the kinetic energy of the moving air to stagnation pressure. 

Results 
Results of the LPF calculations for several variations of the fire accident scenario are summarized 
in Table 1 at 1 h and 24 h into the accident. Detailed results of a few of these cases are described 
below to highlight important aspects of the calculated time-dependent behavior during the 
laboratory fie scenarios. 

In the current analysis, the laboratory fire affects the CMR facility in two ways: it produces an 
airborne source of contaminant (radioactive) material, which is assumed to be released as a fine 
aerosol and the fire releases a considerable amount of energy to the laboratory atmosphere, which 
is manifested as an increase in laboratory temperature. MELCOR calculated the laboratory 
temperature during the first 2 h of the fire accident scenario; it is shown in Figure 4 for three of the 
cases shown in Table 1 (Cases 1,3, and 4). Also shown in Figure 4 is the tem erature history of 
the hot upper layer gas temperature calculated using the CFAST computer code! The temperature 
signatures calculated by MELCOR vary significantly in the seven cases examined, each producing 
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Table 1. LPFs for Variations of the Laboratory Fire Accident Scenario. 
L 

Leak Path Factor 
(Fractional Release) 

Wind- Corridor HVAC Larger 
Case HVAC Enhanced Door Inlet Open Fire 

# Active Leakage Open Fully (2 Ib/ft2) l h  24h 

1 X 4.E-4 4.E-4 
2 X X X 4.E-4 4.E-4 

. 3  0.03 0.05 
4 X 0.07 0.13 
5 X X 0.14 0.15 
6 X 0.19 0.23 
7 X 0.03 0.05 

peak room temperatures of approximately 675 K (755°F). These temperatures are approximately 
80 K (-140°F) lower than the peak upper layer temperatures calculated by CFAST. This difference 
is to be expected because the MELCOR result represents the volume-average atmosphere 
temperature within the laboratory, whereas the values calculated with CFAST represent the 
temperature of the hot, stratified layer of combustion gases that collect on ceiling of the laboratory. 

In addition to raising the temperature of the laboratory atmosphere, the energy released by the fm 
generates a driving force for transporting contaminants generated in the fue to other regions of the 
facility and to the environment. The calculated distribution of contaminant material released by the 
fire is shown in Figure 5 for Case #l. Only the first hour of accident simulation is shown here. 
Similar information is shown in Figure 6 for the base case in which the HVAC is assumed to not 
operate (i.e., enhanced building leakage resulting from wind external to the facility is not 
modeled-Case #3). Consistent with the final LPF values shown in Table 1, these figures show 
that operating forced building ventilation (and filtration) has a pronounced effect on the quantity of 
material transported through the filter towers to the environment. 

With forced ventilation operating, nearly 80% of the contaminant material is transported to the filter 
towers and captured on the HEPA filters. It is perhaps more interesting to note that roughly 20% 
of the released contaminant deposits on floors and structures within the building before being 
transported to the filter towers. 

Conclusions 
A model of a highly compartmentalized laboratory area of the CMR facility at LANL was 
developed using the MELCOR computer code with the objective of calculating realistic values of 
LPF for laboratory fire accident scenarios. Calculations performed with this model generated 
quantitative information on HVAC system and confinement building performance that could not 
have been developed through traditional, simpler schemes for estimating LPFs. Specific 
conclusions drawn from this analysis include the following. 

1. When the HVAC system is operating, variations in other factors, such as the position of 
personnel evacuation doors to the environment, have a small effect on the LPF. This general 
conclusion is particularly true for fire accident scenarios, where the calculated LPF was found 
to be very small (4.001) and insensitive to a reasonable range of credible assumptions 
regarding rire intensity, building leak area, and differential pressure between the building and 
the environment. Although the general conclusion that W A C  operation overwhelms other 
factors relating to aerosol transport to the environment is also true for explosion accident 
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Figure 4. Calculated temperatures of the laboratory affected by fire. 
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Figure 6. Contaminant distribution over first hour (Case #3). 

scenarios, the quantitative effect of forced ventilation on LPF was found to be smaller than in 
fire scenarios. This is because although the duration of the explosion is brief, the intensity of 
the pressure pulse it creates is sufficiently large to drive a significant fraction of the aerosolized 
contaminants directly to the environment. 

2 .  In fire scenarios with the HVAC operating, the majority of the contaminant material is trans- 
ported to and captured by the HEPA filters immediately upstream of the exhaust fans. How- 
ever, a significant fraction of the contaminant material released during the accident (-20%) 
deposits on floors and structures within the building, mainly in the laboratories neighboring the 
affected laboratory. This effect is seen in the explosion scenarios only if the building leak area 
is very small. The current calculations indicate that a significant fraction of the residual con- 
taminant material (i.e., the amount that is not drawn to the filter towers by force ventilation) is 
expelled directly to the environment if any large opening to it exists during the explosion. 

3.  For accident scenarios in which W A C  is not operating, two other factors were found to have 
a significant effect on the amount of contaminant material transported to the environment: 
(1) enhanced leakage to the environment because of wind outside the building and (2) 
increased building leak area. Increases in building leak area can result from corridor evacuation 
doors being open or W A C  supply dampers not closing. 
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