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ABSTRACT
During the 2011 summer, an internship was completed at Lawrence Livermore National
Laboratory (LLLN). Engineering support analysis and calculations were performed for
the Centralized Waste Processing Line (CWPL) Glovebox. In 2008, DOE Environmental
Management (EM-12) issued Contact-handled Transuranic (TRU) Waste Packaging
Instructions. All waste compliance includes a complete examination of the waste,
including videograph. There are approximately 550 drums on site at LLNL that currently
require processing. An additional 250 drums are anticipated by the end FY2012. There
is a projections for an additional 100 – 200 drums annually thereafter in Security Cat II
operations. A glovebox will be used to process the drums. Each drum will enter the
glovebox and its contents will be sorted into solids, debris and sharps.
The work completed throughout the summer was focused on the ventilation system of the
glovebox. According to the LLNL’s Mechanical Engineering Design Safety Standards,
the ventilation system must be designed to maintain a slightly negative pressure [0.47 in
H20 (12mm H20)] in the enclosure at all times to ensure that any leakage is inward. The
inlet air must be pre-filtered and a HEPA filter must be provided at the enclosure exhaust.
Flow balancing dampers must be installed to regulate vitalization and to restrict air flow
in case of fire. There must be sufficient ventilating capacity so that approximately 125
linear feet per minute of air flow is maintained through any opening, for example, when a
glove port ruptures or a pass door is opened.
The air flow analysis was completed for the entire system. That includes the losses in the
system as the air runs through the ducting lines and through each of its bends and fittings.
Height elevations and material friction was taken into account. Depending on the losses
found, different size ducting was recommended to reduce the losses. Orifice openings
were calculated to determine the size openings needed to obtain the required pressure in
different sections of the glovebox. Finally, equivalent orifice opening were determined to
mock pressure drops through the HEPA filters.
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1. INTRODUCTION
LLNL is as a research and development institution for science and technology directly
applied to national security. Its responsibility is ensuring the safety, security and reliability of
the nation’s nuclear weapons through the application of advanced science, engineering and
technology. The Laboratory also applies its special expertise and multidisciplinary
capabilities to preventing the proliferation and use of weapons of mass destruction, bolstering
homeland security and solving other nationally important problems, including energy and
environmental security, basic science and economic competitiveness. The Weapons and
Complex Integration (WCI) Directorate at LLNL has worked to establish a science-based
fundamental understanding of nuclear weapons performance, enhanced warhead surveillance
tools to detect the onset of problems in the stockpile, and manufacturing capabilities to
produce critical components. The most important accomplishment of the Stockpile
Stewardship Program is that the nuclear design laboratories have been able to assess and
certify the safety, security, and reliability of the stockpile each year without a return to
nuclear testing. The Nuclear Materials Technology Program (NMTP) works to assure the
safety and reliability of the nation's nuclear stockpile. NMTP provides management of all
special nuclear material operations at the Laboratory, including those involving highly
enriched uranium, plutonium, and tritium. This work is conducted at LLNL's Superblock
facility, one of just two defense plutonium research and development facilities in the U.S.
Completed summer work was on the design of the airflow system of a glovebox capable of
processing transuranic waste barrels. The glovebox’s vitalization system will be designed to
always displace air into the clean section of the glovebox and then into the contaminated
section. That ensures that no loose contamination is able to exit when the doors are open.
Because workers will be present and in close proximity to the glovebox, all the air flowing
around them must also flow past them and into the glovebox. In order to test the amount of
air and the direction of air flow around the open doors, smoke testing will be conducted. The
qualitative data gathered from the smoke testing will be used to validate the data gathered
from the project calculations. There always needs to be a flow of 500 cfm in the glovebox,
whether it’s in the ducting or through the open doors. The current task being worked on is to
determine the pressure drop throughout the system and to incorporate the proper means of
maintaining the required flow rate if it were to have a substantial drop. Each section of the
duct is being evaluated in each of the eight possible open door configurations.
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2. EXECUTIVE SUMMARY
This research work has been supported by the DOE-FIU Science & Technology Workforce
Initiative, an innovative program developed by the U.S. Department of Energy’s
Environmental Management (DOE EM) and Florida International University’s Applied
Research Center (FIU-ARC). During the summer of 2011, a DOE Fellow intern (Mario
Vargas) spent 10 weeks doing a summer internship at Lawrence Livermore National
Laboratory under the supervision and guidance of Alan Goldner. The intern’s project was
initiated in June 9, 2011, and continued through August 12, 2011 with the objective of
completing air flow analysis for a glovebox capable of processing transuranic waste barrels.
A glovebox is a sealed container that is designed to allow one to manipulate objects where a
separate atmosphere is desired. Built into the sides of the glovebox are gloves arranged in
such a way that the user can place their hands into the gloves and perform tasks inside the
box without breaking containment. Part or the entire box is usually transparent to allow the
user to see what is being manipulated. Two types of gloveboxes exist: one allows a person to
work with hazardous substances, such as radioactive materials or infectious disease agents;
the other allows manipulation of substances that must be contained within a very high purity
inert atmosphere, such as argon or nitrogen. It is also possible to use a glovebox for
manipulation of items in a vacuum chamber. Gloveboxes used for hazardous materials
generally are maintained at a lower pressure than the surrounding atmosphere, so that
microscopic leaks result in air intake rather than hazard outflow. Gloveboxes used for
hazardous materials generally incorporate HEPA filters into the exhaust, to keep the hazard
contained. HEPA stands for high-efficiency particulate air. A HEPA filter is a type of air
filter that satisfies certain standards of efficiency such as those set by the United States
Department of Energy (DOE). By government standards, a HEPA air filter must remove
99.97% of all particles greater than 0.3 microns from the air that passes through.
Completed summer work was on the design of the airflow system of a glovebox capable of
processing transuranic waste barrels. The glovebox’s vitalization system will be designed to
always displace air into the clean section of the glovebox and then into the contaminated
section. That ensures that no loose contamination is able to exit when the doors are open.
Because workers will be present and in close proximity to the glovebox, all the air flowing
around them must also flow past them and into the glovebox. In order to test the amount of
air and the direction of air flow around the open doors smoke testing will be conducted. The
qualitative data gathered from the smoke testing will be used to validate the data gathered
from the project calculations. There always needs to be a flow of 500 cfm in the glovebox,
whether it’s in the ducting or through the open doors. The current task being worked on is to
determine the pressure drop throughout the system and to incorporate the proper means of
maintaining the required flow rate if it were to have a substantial drop. Each section of the
duct is being evaluated in each of the eight possible open door configurations
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3. RESEARCH DESCRIPTIONS
In fluid dynamics, Bernoulli's principle states that for an inviscid flow, an increase in the
speed of the fluid occurs simultaneously with a decrease in pressure or a decrease in the
fluid's potential energy. Bernoulli's principle can be applied to various types of fluid flow,
resulting in what is loosely denoted as Bernoulli's equation. In fact, there are different forms
of the Bernoulli equation for different types of flow. The simple form of Bernoulli's principle
is valid for incompressible flows (most liquid flows) and also for compressible flows (gases)
moving at low Mach numbers. More advanced forms may in some cases be applied to
compressible flows at higher Mach numbers. Bernoulli's principle can be derived from the
principle of conservation of energy. This states that, in a steady flow, the sum of all forms of
mechanical energy in a fluid along a streamline is the same at all points on that streamline.
This requires that the sum of kinetic energy and potential energy remain constant. Thus an
increase in the speed of the fluid occurs proportionately with an increase in both its dynamic
pressure and kinetic energy, and a decrease in its static pressure and potential energy. If the
fluid is flowing out of a reservoir, the sum of all forms of energy is the same on all
streamlines because, in a reservoir, the energy per unit volume (the sum of pressure and
gravitational potential ρ g h) is the same everywhere. Bernoulli's principle can also be
derived directly from Newton's 2nd law. If a small volume of fluid is flowing horizontally
from a region of high pressure to a region of low pressure, then there is more pressure behind
than in front. This gives a net force on the volume, accelerating it along the streamline. Fluid
particles are subject only to pressure and their own weight. If a fluid is flowing horizontally
and along a section of a streamline, where the speed increases it can only be because the fluid
on that section has moved from a region of higher pressure to a region of lower pressure; and
if its speed decreases, it can only be because it has moved from a region of lower pressure to
a region of higher pressure. Consequently, within a fluid flowing horizontally, the highest
speed occurs where the pressure is lowest, and the lowest speed occurs where the pressure is
highest. In most flows of liquids, and of gases at low Mach number, the mass density of a
fluid parcel can be considered to be constant, regardless of pressure variations in the flow.
For this reason the fluid in such flows can be considered to be incompressible and these
flows can be described as incompressible flow. Bernoulli performed his experiments on
liquids and his equation in its original form is valid only for incompressible flow. A common
form of Bernoulli's equation, valid at any arbitrary point along a streamline where gravity is
constant, is:

where:
is the fluid flow speed at a point on a streamline
is the acceleration due to gravity
is the elevation of the point above a reference plane
is the pressure at the chosen point
is the density of the fluid at all points in the fluid
3

ARC-2007-D2540-058-04

Air Flow Calculations for the CWPL

4. RESULTS AND ANALYSIS
4.1 DESCRIPTION
The schematic below will be used as a reference for the air flow analysis provided. The
ventilation ducting is broken down into sections in order to better approximate the pressure
losses throughout the system. Six-inch circular stainless steel ducts are used throughout the
system. Each major length where a potential for greater pressure losses may happen is shown
in red; their corresponding lengths are given in Table 3. The exhaust blower is located at the
end of the process line; in the schematic below, it is located before section 1 -2. Three 1000
cfm HEPA filters are utilized, each having a pressure drop of 0.38” WG (Water Gauge). All
bend radii for the ducting lines are 9”shown as R in the schematic below.

Figure 1. CWPL operations schematic.

4.2 AIR PROPERTY CONSIDERATIONS AND ASSUMPTIONS
The ambient gas is considered to be at 75⁰ F and that there is no substantial change in its
density due to the low pressure changes expected to take place in regular glovebox
operations. Taking the ambient air at 14.696 psi and its density to be 0.075 lb/ft2, its
kinematic viscosity can be determined. Table 1 shows the air properties used and their
corresponding units.

4
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Table 1. Air Properties at 75⁰ F

4.3. CALCULATIONS
4.3.1 MAJOR LOSSES IN VERTICAL AND HORIZONTAL DUCTS

Utilizing an 8-inch circular duct, its area is given by:
π

(ft2)

Bernoulli’s equation is extensively used in the calculation process. Bernoulli's principle can
be derived from the principle of conservation of energy. This states that, in a steady flow, the
sum of all forms of mechanical energy in a fluid along a streamline is the same at all points
on that streamline. This requires that the sum of kinetic energy and potential energy remain
constant. Thus an increase in the speed of the fluid occurs proportionately with an increase in
both its dynamic pressure and kinetic energy, and a decrease in its static pressure and
potential energy. The equation is given below in terms of pressure loss not head loss.

2

2

where:
P1 , P2 – Upstream and downstream pressures (lb/ft2)
ρ – Density of fluid (slugs/ft3)
V – Flow velocity (ft/s)
g – Acceleration of gravity (ft/s2)
h – Elevation (ft)
Major losses and minor losses in the system are given by Ploss. Major losses only include the
losses due to friction that are directly related to the material roughness and minor losses
include bends, expansions, contractions and HEPA filter drops.
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Major Loss:

Minor Loss:

where:
Ploss – Pressure loss (lb/ft2)
– Friction coefficient
L – Length of duct (ft)
DH – Hydraulic Diameter (ft)
ρ – Density of fluid (slugs/ft3)
V – Flow velocity (ft/s)
k – Minor loss coefficient

Figure 2. Flow configuration 1.

Figure 2 illustrates the flow configuration before the drum is loaded and all the access doors
are closed. The system is running 500 cfm through the blower and assuming that there are no
leaks in the system, all the lines and both gloveboxes will also displace 500 cfm of air.
Given the flow rate and the cross-sectional duct area, the flow velocity can be determined:

500
8/12
π
2

2

1432.39

6

23.87
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In order to determine whether the flow is turbulent or laminar, the Reynolds number is
needed:
Re < 2000  Laminar Flow

Re > 4000  Turbulent Flow

42.441323.8732 8/12
0.0001665

95588.55

4000

The absolute roughness coefficient for stainless steel is 5X10-5 ft. Using the Moody diagram
in Appendix A, the friction coefficient is found to be 0.017. To determine the pressure loss
in section 1 – 2, Bernoulli’s equation is utilized with the previously obtained data:

2

2

Solving for P2:
2

2
13.583

h1 > h2

When a fluid is in motion, it must move in such a way that mass is conserved. To see how
mass conservation places restrictions on the velocity field, consider the steady flow of fluid
through a duct (that is, the inlet and outlet flows do not vary with time). The inflow and
outflow are one-dimensional, so that the velocity V and density are constant over the area A.
The velocity at point 2 is the same velocity at point 1 because the gas is traveling through the
same cross-sectional area of duct.

Q1
V1
A1

Q2
V2
A2
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Since the velocity at both ends are the same, the velocity terms in the Bernoulli equation
cancel out.
Due to the initial negative gauge pressure, the pressure loss, Ploss, will actually increase the
pressure at point two rather than reducing it. In the above equation, Ploss is added rather than
subtracted. The pressure loss is treated as if a turbine were being evaluated rather than a
pump:

2

0.017

13.583
0.667

0.002331071

23.873
2

0.228068

P1 = -5“ WG = -25.988 psfg = 2090.23 psf
2090.23

0.002331071 32.2 13.583
4.760 “ WG

0.228068

2091.486

Table 2 below shows the data used in order to obtain the pressure at point 2. In the table, as
in the equation for Ploss, it shows the major loss to friction in the section. Table 3 shows the
major lengths taken into consideration for the analysis that correspond to the schematic
shown in Figure 1. It also shows the constant for gravity and its corresponding value and the
bend radii for the duct lines (9 inch = 0.75 ft).

Table 2. Results for Section 1 - 2 Analysis (Major Loss)

8
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Table 3. Duct Line Lengths, Gravity Constants and Bend Radii

4.3.2 MINOR LOSSES THROUGH BENDS

Section 2 – 3 involves a 90⁰ rounded radius bend. There are many publications that can be
found to determine the loss coefficient associated with fittings and valves. A standard of
0.25 was used as the minor loss coefficient determined by the ratio of the bend radius to the
duct diameter. The elevation change between both ends of the bend is about 9.585 in =
(9.585/12) ft.

1

9 inch
8 inch

.

1.125

Bernoulli equation:
2

2

Solving for the pressure at 3:

2

2

0.25 0.002331071

23.873
2

2092.225
0.002331071 32.2 9.585/12
4.505

9

2
0.166066

0.52486

2092.810
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Table 4. Results for Section 2 - 3 Analysis (Minor Loss)

Table 4 shows the data used in order to obtain the pressure at point 3. In the table, as in the
equation for Ploss, it shows the minor loss due to the fitting in the section. The remaining
bends in the system can be evaluated in the exact same way as previously shown; Ploss for all
of them will be the same.
4.3.3 PRESSURE DROPS THROUGH HEPA FILTERS

Three 1000 cfm filters are used in the ventilation design. Their pressure drops at different
flow rates are shown in the accompanying plot of Figure 3 below.

Figure 3. Sample HEPA filter pressure drops at 1000 cfm.
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The analysis for the pressure drop, section 3 – 4, and the resulting pressures on either side of
the filter are shown below.
∆PHEPA at 1000 cfm = 0.38“ WG
∆
∆

0.38

4.505

4.125 "

The pressures in the following sections:
4-5
5-6
6-7
7-8
8-9

can be obtained using the same analysis as either sections 1 - 2 (major loss) or section 2 - 3
(minor loss).
4.3.4 ORIFICE SIZING FOR PRESSURE REDUCTION

In order to maintain the contaminated section of the glovebox at -1” WG, an orifice needs to
be placed before the contraction to limit the amount of negative pressure reaching the
“gloved” section. Figure 4 below illustrates the position of the orifice and the position of the
taps for the pressure gauges.

Figure 4. Flow through an orifice.
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2

Flow through an orifice:

2

144∆

12
1

2

2

144∆

12
1

where:
Q – Volumetric flow rate (ft3/sec)
Cd – Discharge coefficient (0.60 – 0.65)
A – Area of orifice (ft2)
g – Gravity (ft/sec2)
hL – head loss (ft)
∆P – Pressure drop across orifice (psi)
ρ – Gas Density (lb/ft3)
do – Orifice Diameter (ft)
d1 – Duct Diameter (ft)
|∆ |

1

4.318

| 3.318|"

1

3.318” WG = 0.11976 psi
500 cfm = 8.333 cfs
2
12
1

12

2

144∆
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0.60

8.333
1

2

2 32.2 144 0.11976
0.075

12
8

Solving for do = 4.459 inches.
4.3.5 MINOR LOSSES: EXPANSIONS AND CONTRACTIONS

Sections 9-10, 10 – 11, 18 – 19 and 19 – 20 are either expansions or contractions. The
pressure loss in both cases can be expressed using Ploss. The larger flow velocity is always
used in the equation:

2

Pressure loss is used instead of head loss. In the case of a sudden contraction, k is a function
of the two areas (A2/A1). A graph of area ratios to loss coefficient is used to determine the k
value used. Figure 5 illustrates the sudden contraction plot.

Figure 5. Loss coefficients for sudden contractions.
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Evaluating section 9 – 10, the two areas involved are the cross-sectional areas of the duct and
the contaminated section of the glovebox that has dimensions of 244.875” by 31.956”.
Figure 5 shows that A1 is the larger area and A2 is the smaller one. In this case, A2
corresponds to the ducting cross-sectional area.
π

d
2

8/12
2

π

0.34907

A1 needs to be converted into an equivalent circular cross section due to the fact the data
provided in the plot is only for circular ducting.
Calculating the hydraulic diameter for rectangular tubes or ducting:

2

2

π

244.875
12
244.875
12

d
2

π
0.34907
17.4308

31.956
12
31.956
12

4.711
2

4.711

17.4308

0.020026

From Figure 5, k is estimated to be around 0.50.

2

23.873
2

0.50 0.002331071

For a sudden expansion:

2

14

0.332131 psf
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Figure 6. Loss coefficients for sudden expansions.

π

d
2

π

8/12
2

0.34907

π

d
2

π

4.711
2

17.4308

1

2

0.960

0.960 0.002331071

15
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2

0.637923 psf
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4.3.6 OVERALL SYSTEM PRESSURES

Figure 7. Overall system pressure schematic.

Combining all the analysis per section, the loss throughout the system can be analyzed
depending on the flow through the lines. At 500 cfm and using a 6-inch duct and with a -1”
WG pressure in the contaminated section of the glovebox, there will too much loss in the
system due to friction. If a flow of 410 cfm is used with a -1.5” WG pressure difference and
a high efficiency HEPA filter that has a drop of around .28” WG, all of the initial pressure
will be used without having to exceed what’s being applied. Table 6 provides the changes in
pressure per section with given initial inputs.
Results obtained through an alternative process utilizing a ducting calculator are shown
below. The table shows the pressure increases through section A and B of the schematic. It
does not take into account the pressure in the contaminated section of the glovebox. If the
pressure was kept at -1” WG at 500 cfm, according to the table below, the pressure at point
26 would 0.081” + 1” = 1.081”.
Table 5. Overall Pressure Drops using Ducting Calculator

16
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Table 6. Overall System Pressures using an 8-inch Duct
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4.3.7 FLOW THOUGH OPEN ACCESS DOORS

4.3.7.1 Tech Door

With the tech door open, an additional 123 cfm will flow into the system, creating a flow of
623 cfm; soon after, the flow should reduce due to the transient state.

2

2

2

2

2

Assuming that h1 and h2 are at the same height and that point 1 is sufficiently far from the
opening, V1 = 0.

2

2

∆
2

18
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After solving for V, the flow rate can be determined knowing the area of the tech door
opening:

4.3.7.2 Drum Door
The same analysis applies to the drum door; the only difference being the area of the
opening. The drum door has a smaller cross-sectional area than the tech access door.

4.3.7.3 Open Isolation Door

19
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For 10-inch duct:
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4.3.8 PRESSURE DROPS THROUGH PORT OPENINGS

Assuming that one of the gloves rips and that the system is running at 500 cfm, the pressure
drop through the port is shown below:

Converting the elliptical opening into a circular opening:

And using flow through an orifice equations, the results are shown in Table 7:

21
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Table 7. Pressure Drop through Glove Port Opening

The same analysis can be used to find the pressure drop through the drum opening. An
equivalent circular diameter is not needed.
Table 8. Pressure Drop through Drum Port

22
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5. CONCLUSION
At 500 cfm and using a 8-inch duct, there will be enough suction provided to ensure that
there is always a negative pressure in the glovebox. A 1000 cfm HEPA filter running 500
cfm has a pressure drop of 0.38” WG. Utilizing that drop in the analysis, a -1” WG pressure
can be kept in the contaminated section of the glovebox but -1.3” WG would be advised in
order to ensure there is enough suction in the front half of the glovebox. A higher capacity
HEPA filter can be used rather than lowering the pressure in that section. As shown below,
any HEPA filter that has a drop of 0.25” WG or lower can be used to replace the 1000 cfm
capacity filter.
Table 9. Pressure Changes using 8-inch Duct
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Running the system at 500 cfm and having 10-in ducts, the resulting pressure will occur in
the system.
Table 10. Pressure Changes using 10-inch Duct

24
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