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- EXECUTIVE SUMMARY

A new stack (Sild 3: 4-ft), which is a potential source of radionuclide emissions that must be
continuously monitored under 40CFR60, Subpart H, is being constructed at the Fernald
Facility. The stack is 1.21 m (47.6 inches) diameter and will have a flow rate of 6.56 std
m’/s (13,900 scfm). Federal regulations require that the guidance of ANSI N13.1 must be
used for the sampling protocol. This ANSI standard is based on the concept of single point
representative sampling, where the sample is extracted from a location in the flow where
both the fluid momentum and contaminant concentration are well mixed as manifested by the
uniformity of velocity and tracer concentration profiles. The standard gives criteria that must
be met for a sampling location to be acceptable. Results from mixing tests for one stack may
be used to demonstrate acceptability of another (candidate) stack provided there is
geometrical similarity and there is assurance of similarity of the flows as indicated by criteria
placed on flow Reynolds numbers in the stacks.

- The Silo 3: 4-ft stack is to be fitted with a commercially-available device (Air
Blender®) to enhance the mixing as a means of achieving compliance with the ANSI
requirements. This mixer has been previously tested and found to produce conditions
suitable for single point representative sampling at a distance of 3.6 stack diameters
downstream from its exit plane. Because the proposed sampling location in the Silo 3: 4-ft
stack is 4.6 diameters from the mixing element even better m1xmg should be obtained than
was observed in the previous testing.

Tests with the similar arrangement, where there was an Air Blender® followed by a
straight duct, were performed on a 1:5.1 scale model of a stack that is to be constructed ata
Mixed Fuel Fabrication Facility (MFFF) in Savannah River. The MFFF stack is to be 2.59 m
(102 inches) diameter and will operate under normal conditions of 90.4 std m*/s (190,000
scfm) although there is a possible emergency condition with a flow rate of 38.4 std m’/s
(81,000 cfm). When the scale model of the MFFF stack was tested without a mixing
element, the coefficient of variation (COV) of tracer gas measurements at the sampling
location was 77%. After insertion of an Air Blender® into the flow system the COV was
11.2% at the normal flow rate operating condition. The ANSI standard stipulates the COV
must not exceed 20%. Additionally, tests were performed, with the mixer in place, to
determine the COVs of velocity and 10 pm aerodynamic diameter aerosol particles. For the
1:5.1 scale model of the MFFF stack, the results showed values significantly below the ANSI
requirements. At the normal operating condition, the COVs for velocity and aerosol particles
were 5.9% and 5.4%, respectively; whereas, the ANSI requirement is that the COVs of both’
must be <20%. Flow swirl in the scale model of the MFFF was 4.9° at the normal operating -
condition as compared with the ANSI upper acceptable limit of 20°.

Because the ANSI standard permits use of an existing body of data from tests with an
acceptable sampling location in a geometrically similar stack as a means for demonstrating
the suitability of the sampling location in the candidate stack, and because the use of an Air
Blender® has been shown to produce acceptable mixing in the geometrically similar mixing
configuration; it is recommended that qualification of the sampling location in the Silo 3: 4-ft
stack be based on the use of this surrogate approach. Results of the experiments with the
MFFF stack and a second set of data, which was obtained with a laboratory-scale model,
suggest that the 4.6 diameter sampling location in the Silo 3: 4-ft stack will be acceptable
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under the mixing requirements of ANSI N13.1. Field tests will need to be performed to
verify the suitability of the sampling location, which will involve measurement of the
velocity profile at the sampling location. Essentially, those data must show that the velocity
COV is between 0.9% and 12.9%.
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INTRODUCTION

Silo 3 of the DOE Fernald Facility contains “cold” metal,bxide waste that was generated

-during the now-terminated operation of the Feed Materials Production Center (presently

known as the Fernald Closure Project). The air flow associated with proéessing of this waste

material will be discharged through the Silo 3: 4 ft stack.

The US EPA has cognizance over emissions of radionuclides from stacks and ducts at
DOE facilities, and they have promulgated in 40CFR61, Subpart H (U.S. EPA, 2002a) a -
standard that limits the dose of any member of the public to 10 mrem/year. For assurance of
compliance with the dose standard, EPA requires continuous ménitoring of any emission

point that could contribute a dose of more than 0.1 mrem/year. Meteorological models for

dispersion of contaminants are used to predict the dose. When determining which emission

points must be monitored, no credit is given for any air pollution control equipment in the air
flow system (e.g., HEPA filters). The Silo 3: 4 ft stack of the DOE Fernald facility, which is

currently under construction, must be monitored under this Federal Regulation.

Mixing Requirements of ANSI N13.1

For monitoring the emissions of particulate matter, EPA considers continuous collection of
samples on filters, with retrospective analys‘is, to be the equivalent of continuous monitoring.
Real time data do not need to be collected to fulfill the monitoring requirements. Under
40CFR61, Subpart H, EPA specifies that the samp_lixig should follow the guidance of ANSI
N13.1 '(ANSI/i-IPS, 1999). The ANSI standé:d is based on the concept of single point
representative sampling, where a sample is extracted from a stack or duct at a location whére

both the fluid momentum and contaminant concentration are well-mixed as manifested by the
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shape of the velocity and tracer concentration profiles. For assurance that representative

samples are acquired from a particular location in a stack or duct, ANSI N1.31 requires:

1. The coefficients of variation of the velocity , tracer gas concentration, and 10

um aerodynamic diameter (AD) aerosol particle concentration profiles must

be <20% over an area that includes at least the center 2/3 of the cross

sectional area of the stack or duct.

An EPA Method 1 grid of traverse points (EPA, 2002b) is generally

used to establish the points in the flow cross section at the sampling location

where measurements are made of tracer concentration and velocity. The

tracer concentration is defined as:

cov =3=
X
where:
1 & =\2
S, ———_1 ;.(x, —X)
and:
x=1s
N

N coefficient of variation (COV) for variables such as the stack gas velocity or

(1)

)

)

Here: x; is the value of the variable (e.g., velocity) at the ™ traverse point in

the flow cross section at the sampling location, s;is the unbiased standard

~ deviation of the set of measurements, and X is the mean value of the

measurements.
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2. Atno po.int on an EPA Method 1 grid shall the concentration of tracer gas be
more than 30% greater than the mean concentration.

If this criterion and those of Item 1 are not met at the sampling
location, it may be possible to enhance tﬁe mixing through engineering the
flow as a means of meeting the compliance criteria.

3. The flow swirl shall not exceed 20°

Here the flow swirl is defined as the éverage, across an EPA Method 1
grid, of the absolute values of the angles between the velocity vectors and the
duct centerline. This parameter is measured using protocol given in EPA

Method 1 (EPA, 2002b).

Sampling:Locations in Geométfical_ly Similar Stacks.
The ANSI standard states that compliance with mixing requirements can be demonstrated by
conducting tests on an existing stack; however, the standard also allows testing on a
geometrically similar scale model be a stack. This is in recognition that testing may be
impractical for some of the existing nuclear stacks because of contamination and access
issues. In addition, the use of scale model testing allqws sampling locations to be selected
and qualified in new facilities prior to the time construction' commences. Sqéle fnodel testing
is also of great benefit in situations where the mixing must be enhanced, as tests on proposed
mixing concepts are much easier to conduct in a laboratory environment than in the field.
The ANSI Standard recognizes that there are often multiple stacks of similar design.
Because mixing is primarily controlled by stack geometry, if one stack of a given design is

qualified, then the mixing should be similar in other stacks of the common design, For such
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situations it 1s not necessary to completely evaluate the sampling location in a candidate
stack, provided:

1. A geometrically similar stack has been tested and the sampling location has
been found ?0 comply with the mixing requirements. The prior testing may
have been conducted in either a stack or duct in the field, or with a scale
model.

2. The product of the mean vélocity and the hydraulic diameter at the test section
of the candidate stack or duct is within a Jfactor of six of that of the tested
stack or duct. Also, the diameter of the candidéte stack or duct shall be at
least 250 mm‘ at thé sampling location. The Reynolds numbers of both the

’ /

candidate stack and the tested stack must be greater than 10,000.

The Reynolds number, Re, is defined as:

Re=PYaD | )
U

where: p = air density; V... = average air velocity at the sampling location; D
= duct diameter; and, u = air viscosity.

3. The COV of velocity in the candidate stack must not exceed 20% over an-area
that includes at least the éenter 2/3 of the cross section of the stack or duct at
the test sectioﬁ. |

4. The velocity coefficients in the candidate stack and the previously tested stack
ﬁust not differ by more than 5%.

5. The sampling location in the candidate stack is placed at a geometrically

similar location to that in the previously tested stack.
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, Essentially these ciauses of the ANSI standard allow a stack to Ee qualified if a similar unit
has been previously tested and if the velocity profiles in the candidate stack and.the
previously tested stack are approximately the same. This fequires that velocity
rﬁeasurements be made on th¢ candidate stack; however, those measurements would

normally be required as part of a radiological compliance program anyway.

Means for Demonstrating Compliance of Fernald Silo 3: 4-ft Stack with ANSI N13.1
Mixing Requirements. |

A mixing elemeqt (Blender Products Inc, Dehver, CO), which has been tested at Texas A&M
University (Han et al., 2003), will be placed in the Fernald Silo 3: 4-ft stack at the location
shown in Figure 1. The Air Blender® (Figure 2) mixes a flow by creating two counter-
rotating vonicés, which caﬁse an intermingling of large-scale ﬁow eddies. In this report, the-
mixiﬁg results from the previous studies will be used to show the degree of mixing that is to

be anticipated in the Fernald Silo 3: 4-ft stack.

DESCRIPTION OF FERNALD SiLO 3: 4-FT STACK .
The Silo 3: 4;ﬁ stack discharges effluent ﬁir from the Silo 3 remediation process. With
7 reference to Figure 1, three flow streams enter the stack near its base. 'The total ﬂow rate into
the stack is 6.56 std m’/s (13,906 scfm), which is comprised of 3.40 std m*/s (7,200 scfm) of
building ventilation air entering through a 24-inch .diameter port, 2.60 std m*/s (5,500 scfm)
of process ventilation air entering through a 20-inch diameter port, and 56.7 std m*/s (1,200

- scfm) of pneumatic retrieval air entering through a 10-inch diameter port. Process ventilation
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air will be HEPA-filtered upstream of the stack, essentially leaving only low levels of Radon-
222 to be discharged to the environment. The flow through the entry ports is anticipated to
be constant; and, when there is airflow through one port, there will be airflow through -éll.
It is to be anticipated that thére 'will be significant mixing of the airflows through the

three inlet ports within the base of the stack. Indeed, it may be that the mixing action in the

| base of the stack together with the mixing distance of 8.9 diameters between the exit plane of
the stack base (Elevation 27’-2”) and sampling probe entrance plane, would be adequate for
compliance with the mixing criteria of ANSI N13.1. By adding the mixing element at the

44°-2” Elevation, compliance should be assured.

RESULTS FROM PREVIOUS TESTS WITH AIR BLENDER® MIXERS
An Air Blender® was tested in the laboratory to characterize the mix_ing as a function of
downstream distance in a succeeding straight circular duct (McFarland et al., 1999). Tests
have also been conducted where an Air Blender® was inserted into a scale model of a
| nuclear stack (Han et al., 2003) aﬁd the results are being used to demonstrate corﬁpliance
with ANSI N13.1. The results of these previous tests will be considered herein with respect

to predicting the degree of mixing at the sampling location of the Fernald Silo 3:4-ft stack. .

Laboratory-Scale Research Tests of Air Blender®.
Tests with various typeS of mixing elements were conducted in a laboratory environment by
McFarland et al (1999). Airflow from a blower was passed through a ‘Generic’ mixer

(McFarland et al., 1998), Figure 3, to uniformize the velocity profile and then into al54 mm
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(6.05 inch) diameter duct. The air was then passed through a flow straightener (a set of soda
straws), which eliminated any flow swirl and reduced the scale of the flow turbulence to

about 6 mm (the diameter of the soda straws). A gas injection location was setup at a

distance of one diameter downstream from the exit plane of the flow stréightener. Dilute SFg
was introduced at the center of the duct and at four locations that were 90° apart and were
within 20% of the duct diameter from the wall. The mixing element was placed in the duct at
a distance of 1D from the gas injection port. Measurements were made of the tracer gas
concentration across an EPA Method 1 grid at various locaﬁons downstream from the mixing
element. -The downstream face of the mi?cing element was designated as the “zero” point for

| mixing distances. Velocity measurements were also made at the traverse points of the EPA
Method 1 grid.

The COV of tracer gas for a given downstream sampling location is reported as the
highest value for ahy of the five release points. Results;of these experiments are shown in
Figure 4. At the distance of 4.6 D, which is the dimensionless distance between the Air
B1ender® aﬁd the sampling location in the Silo 3 4-ft stack, the COV of velocity is 2% and
the COV of tracer gas is 8%. Also, it should be noted that the COV of tracer gas decreases as
the downstream distance from the mixing element increases. However, as a seeming
paradox, for.a ﬂowt that has an initially uniform velocity profile, as the downstream distance
increases there could be a slight increase in the COV of the velocity profile due to the
development of the boundary layers. At very large distances downstream, e.g., 100D, the
flow would be fully developed and velocity »proﬁle would have asymptotically reached a

COV value of about 5%. On the other hand, the SF¢ gas concentration COVss, should
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asymptotically approach 0%, as SFs is an inert gas that is reflected from the duct walls and
therefore will becomé éompletély mixed with the bulk flow.

The tests Were run at two velbcities, 5.6 m/s and 12.2 m/s, which provide Reynolds
nﬁmbérs of 5.4x10* and 1.17x10°, respectively. AN SIN13.1 reéuires that the Reynolds
numbers be greater than 10,000, which is satisfied by these experiments. Ho§ve§er, for the
' data- to be used for demonstfating the suitability of the sampling loca;cion ina geofnetrically
similar stack, the product of stack diameter an.d velocity of one stack musf not differ from
that product for the second stack by a factor of more than six. This latter requirement is
tantamount to stipulating that the Reynolds numbers of the two stacks must not differ by a

factor of more than 6.0. For the Silo 3: 4-ft stack, the Reynolds number is 4:2x 10°, which
implieg that the Reynolds number ratio between. prototype (the Silo 3: 4-ft stacks and the
labératéry-scale model) is 7.7 for the lower velocity in the laboratory scale model (5.6 m/s)
and 3.6 for the higher velocity (12._2 m/s). Thus, the higher velocity values in the laborétory-
model results could be used to show that acceptable velocity and tracer gas profiles were
obtained; however, data on flow swirl and 10 pm AD aerosol particle concentrafion profiles
are not available, so the complete qualification carmbt be achieved by reference to the

laboratory-scale experiments.

Savaﬁnah River Mixed Oxide Fuel Fabrication Facility Main Stack.

Facility Description. A new mixed ‘oxide fuel fabrication facility (MFFF) is planned for the

DOE Savannah River Site. The MFFF will have a main exhaust air stack that is 2.59 m (102
inches) in diameter with a flow rate of 90.4 std .m3 /s (190,000 scfm) under normal conditions

and 38.4 std. m’/s (81,000 scfm) under potential emergency conditions. The stack will
e
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discharge a mixture of clean ventilation air from occupied environments and airflows from
potential radionuclide emission sources (e.g., glove box exhausts). As a consequence, the
stack must be continuously mcinitored in accordance with the requirements of ANSI N13.1.
During the desigri phase of the project, a 1 5.1 scale model of a proposed stacic was
constructed and tested to select a suitable sampling location.
Modeling Effort. The model of the MFFF stack, Figure 5, has a single inflow that handles
the air flow from several locations, which are designated as MDE, POE, HDE and VHDE.
‘The flow enters a plenum chamber that contains a tornado damper, which directs the flow
downwards. Subsequent to the dampers, the flow is dire.cted upwards by a ramp and then
enters the base of the stack. In the stack, the flow passes through four layers of security
grilles and then into an Air Blender®. The sampling location is 3.25 diameters downstream
of the exit plane of the Air Blender®. |

Without the Air Blender®, the geometry of this particular exhaust airflow does not
lend itself well to producing mixing that is acceptable for single point representative
sampling. As an example, assume that there is contamination in the flow at the bottom of the
inlet duct (Figure 1). Asthe ﬂoiv passes into the tornado damper, there is little opportunity
for cross streairi mixing, andias the flow passes through the damper, the large scale eddies,
which are essential for attaining adequate mixing, are elirriinated. When the flow passes
through the ramp area, there is not only little opportunity for mixing, but the flow is forced
by inertial effects to the outer edge (side away ﬁ'»o»m the flow entrance) of the plenum prior to
entering the stack. As the flow passes thrqugh the security grilles, the large scale eddies are
again eliminated, so any irregularities in the conceritration profile are retained when the flow

enters the stack. This results in persistence into the stack of any initially high contaminant
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concentration region of the bulk ﬂéw, which in the case of this ekémp]e would be on.the left
side of the stack.

It would be possible to simply use a higher stack to achieve rhixing; however, this
would require a significant addition to the originally éroposed staék height, which was on the
order of 4 diameters. As an example, Anand et al. (2003) has shown that a distance of
approximately 28D was required to attain 20% COV values for tracer gés concentration in a
straight duct, when the initial flow was unidirectional with an initial turbulent intensity of
10%, and a small value of turbulence scale (about 6% of the duct_ diameter). Because the
turbulent scale would be larger in the MFFF stack, suitable mixing would be obtained at a

~ shorter di stance than the 28D ot-)s.erved by Anand.

To achieve suitable mixing- in a short stack at the MFFF, an Air Blender® was added
just downstream of the security grills. However, before making the decision to use an Air
Blender®, tests were conducted without the mixing element in the ﬂow éystem. With
reference to Table 1, a comparison is shown of the velocity and 10 um AD aerosol particle
profiles at a sarﬂpling location of 3.25D. Two velocities, which ére a§sociatéd with the
normal and emergency conditions, were tested. The velocity profiles are acceptable even
without é mixing element, having a value of 8.7% for the emergency flow condition.
However, the COV for aerosol particles is Qnacceptable, having a value of 77% for the
emergency flow condition. In contrast, when the Air Blender® was placed. in the flow
system, the corresponding emergency flow COV values for velocity and 10 um AD aerosol

particles were 7:9% and 4.3%, fespectively.
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Results and Discussion. Data for the complete set of tests, at a sampling station located

3.25D.downstream of the Air Blender®, are given in Table 2. From this data summary, it

| may be noted that the results are all in compliance with the requirements of ANSIN13.1. In

particular, these requirements of ANSI N13.1 and the comparative experimental data are:

1) The COVs of i)elocity, tracer gas, and 10 ,um’AD aerosol particles must not |
exceed 20% over a set of EPA Method 1 traverse points that encompasses at léqst
the center 2/3 of the stack area. |
e The COVs for velocity wére 7.9% for the emergency flow condition and 5.9%

for normal flow. The grid used for these tests was the center 12 points of an
EPA Method 1 grid, so the test area encompasses the center % of the stack
area. | | |

e The COV:s for tracer gas were 16.2% for the emergency flow condition and
11.2% for the normal condition. These COVs are the highest values for any of
the five release points, where the release points were upstream of the security
grill-es._ Again, these measured values are well within thé ANSI requirement.

o The COVs for 10 pm_diameter aerosol particles were 4.3% for the emergency
flow condition and 5.4% for the normal condition. For these tests, a single
release point was used, namely, at the cénter of the.stack just upstream of the
security grilles. The test protocol iﬁvolved generation of a»heterogeneous ol
mist that was analyzed with an optical particle counter (OPC). The OPC had
aﬁ electronic window to count particles in the size range of 9 — 11 um optical
diameter, which, because the density of the oil was 870 kg/m3, provided a size

range of 8.9 to 10.7 pm AD.
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The results from these experiments show the COVs of velocity, tracer
gas, and. 10 pm AD'(nominal size) aerosol particles are all _wéll within the
limits specified in ANSIN13.1. These data are for a sampl_ing location of
3.25D and even better results would be obtained at a distance of 4.6D. Also, |
the fact that approximately the same COV values are obtained for both the
emergency and normal flow conditions shows the mixing is controlled by the

geometry of the system rather than flow conditions, i.e., Reynolds number.

2) The concentration of tracer gas at any traverse point on an EPA Method 1 grid

shall not exceed the mean value by more than 30%.

For'the emergency flow condition, the maximum tracer gas concentration at any
traverse point and for any release location was 18% greater than the mean
concentration. TheAcorresponding value for the normal flow condition was 1_7%.

These values are well within the ANSIN13.1 limit of 30%.

3). The flow swirl must not exceed 20°.

For these tests, the EPA Method 1 protocol was used, where an S-type pitot is
placed in the flow with the pitot tu'be-pofts oriented normal to the duét axis. The
pitot tube is. rotated until a null reading is obtained, and the angle of rotatioh is
noted. The alverage over all traverse points of the absolute values of the rotatiénal
angle is used as the swirl angle. The values of fhe swirl angle associated with the .

emergency and normal flow conditions were 2.8° and 4.9°, respectively. These

-values are well within the ANSI N13.1 limit of 20°. -
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: Use of MFFF Tests to Demonstre Compliance of the Fernald Silo 3: 4 -ft Stack. The
protocol of the ANSI Standard for using data from one stéck to qualify a second stack places
requirements on the modeling effort. With respect to qualifying the Fernald stack through
use of the MFFF data, the issues that must be considered the corresponding responses, are:

1. A geometrically similar stack must have been tested and found to be acceptable for
| single point representafive sampling.
Here, the controlling element for effecting stack mixing is the Air Blender. The
mixing created by this device is quite independent of upstream flow conditions as
may be noted from a comparison of the test results from the laboratory-scale device
 and the MFFF scaie model. Upstream of thé Air Blender® in. the laboratory-scale
- device, the flow was made unidirectional and low turbulence through use of flow
straighténers, while the flow entering the MFFF model was highly disturbed by the
presence of tornado dampers and a flow ramp. Yet, at a distance of 3.6D downstream
from the Air Blender® in the laboratory scale system, the COVs of veliocity and tracer
gas were apbroximately 2% and 12%,; while at that same disté.nce in the MFFF stack
the COVs of velocity and trécer gas were about 6% and 11%, respectively, for the
normal flow condition. For the labdratory-scalg device, at the distance of 4.6D, the
velocity and concentration profile COVs were 2% and 8%, respectively.
Because mixing is dependent on the Air Blender®; the georh_etricall? similar
requirement of the AN SI standard is met by the MFFF and Silo 3: 4-ft stacks by
consider’ing the relevant geometry. to be the Air Blenders® followed by straight

ducting. The downstream distance between the mixing element and the sampling
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location in the MFFF stack is 3.6D while that of the Silo 3:4-ft stack is 4.6D, so even

better mixing could be anticipated with the Silo 3 stack (Figure 4). |

The product of the flow vélociz)» and stack diameter of the candidate stack and the
tested stack must be within a factor of six. The candidate stack must be at least 250
mm diameter and the Reynolds numbers of both stacks must be greater than JAO, 000.
First, thé requirement for the product of flow velocity and stack diameter to be within
a factor of six for the. two stacks is equivalent to requiring the Reyholds numbers to
be withiﬁ a factor of six (provided the flow density and viscosity are approximately
the same). The two» flow conditions in the scale model of the MFFF stack provided
Reynolds numbers of 4.9x10° (normal flow condition) and 2.4x10° (emergency flow
condition). For the Silo 3: 4-ft stack, the Reynolds number will be 4.2x10°. i‘hus, |

the Reynolds numbers for the tested stack (MFFF) and the candidate stack are a factor

of 1.17 for the normal operating condition of the MFFF stack and a factbr of 1.75 for

the emergency condition of the MFFF stack. Second, the Silo 3: 4-ft stack will be
2590 mm diameter, which is well in excess of the minimum stack size of 250 mm.
Third, Reynolds numbers (test conditions for the MFFF scale model and operating
conditions for the Silo 3: 4;ﬁ stabk) are all >10*.

The COV of velocity in the candidate stack must not exceed 2 0.% at the test loéation. :
Field tests .Will need to be performed to demonstrate that the velocity COV of tﬁe Silo
3: 4-ft stack does not exceed 20% at the sampling lo;:ation. It is likely that field tests
to determine flow rate through the Silo 3 4 ft stack will be performed as part of a
compliance program. The individual data points that are used in the flow rate |

calculation can also serve as the data base for calculating the velocity COV.

5442
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4. The COVs of velocity of the tested stack and the candidate stack must not differ by
more than 5%.
The results of the field tests with stack vélocity r'nusf also show COVs that are
between 0.9% (5% 'le.ss than the value: observed for the MFFF stack at normal
conditions) and 12.9% A(S% more than the value observed for the MFFF stack at

‘emergency conditions.

SUMMARY STATEMENT

Mix_ing in the Fernald Silo 3: 4-ft stack of both fluid momentum and tracer contaminants, as
manifested by the COVs of velocity, t-racer gais and 10 pm AD aerosol particles, will be
controlled by an Air Blender® rather than by either flow properties (e. é., Reynolds number) -
or flow disturbances upstream of tﬁe Air Blender®. The ANSI standard allows acceptable
niixing data from a geometrically similar stack té be used to qualify a candidate stack
provided certain criteria are met.

Tests to verify compliance with ANSI N13.1 have been performed on a model of the
Mixed Fuel Fébrication Facility. That model utilized an Air Blender® and the test results
showed the mixing was well within the compliance bounds of the ANSI standard. The
mixing region of the Fernald Silo 3: 4-ft stack is geometrically similar to that of the MFFF
stack, except that the- distance between the mixing element and the sampling location in the
Silo 3: 4'-ﬁ stack is greater than that in the MFFF stack. As a consequence, the mixing
should be even better in the Silo 3: 4-ft stack. The ANSI N13.1 criteria for use of surrogate

testing are met by using the MFFF results for the Silo 3:4-ft stack; howevér, the velocity
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profile in the actual Silo 3: 4-ft stack will need to be tested for assurance that the velocity |

COYV is between 0.9% and 12.9%.
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Table 1. Results from selected tests on a 1:5.1 scale model of the MFFF stack with and

without an Air Blender® (from Han et al., 2003).

ANSI/HPS N13.1 | Stack without Air| Stack with Air

Criterion . :
Requirement Blender® Blender®

COV of velocity over the <20% 8 794
center 2/3 if the stack area

7.9%9
5.9%®)

COV of 10 um AD aerosol
particle concentration over the <20% 77 204, (&) a8
center 2/3 of the stack area : 470

4.3%®9)

a)
b)
c)

d)

Stack velocity for emergency conditions: ME+VDE. Velocity: 7.9 m/s (1499 ft/min).
Stack velocity for normal conditions: ME+VDE and HDE+VHDE. Velocity: 15.6 m/s (3078 ft/min).
Based on use of the center 12 traverse points of a 16 point EPA Method 1 grid.

Based on use of an optical particle counter with 2 9 — 11 um electronic particle size window.
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Table 2. Comparison of mixing results from a 1:5.1 scale model of the proposed

Savannah River MFFF stack with ANSI criteria.

Criterion ANSINI3.1
Requirement Measured Value

' : 7.9%%)

COYV of velocity over the center 2/3 <20% 5 9% ®.9
of the stack area ' 77

’ . . o/(ac)
COV of tracer gas over the center 2/3 . 102% ®.c)

: : <20% 11.2%"

of the stack area

COV of 10 um AD aerosol particle : 4 304(800)
concentration over the center 2/3 of <20%. ' Y

the stack area

5.4%®9

Maximum tracer gas concentration
over
an EPA Method 1 grid

No more than 30%
higher than mean
concentration

18%®9, 17%09
higher than the mean
value

‘Average swirl angle

<20°

2 8° (ad) 4.9° (b,d)
_for yaw angle

) Stack velocity for emergency conditions: ME+VDE. Velocity: 7.9 .m/s (1499 ft/min).

®  Stack velocity for normal conditions: ME+VDE and HDE+VHDE. Velocity: 15.6 m/s (3078 ft/min)
9 Based on use of the center 12 traverse points of a 16 point EPA Method 1 grid.

9 Based on use of all traverse points of a 16 point EPA Mgthod 1 grid.

) Based on use of an optical particle counter with a 9 — 11 um electronic particle size window.
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MATCH LINE
)
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\Am BLENDER
. MODEL: S48C3S
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' ! 8 10 3/4" INLET & ISOKINETIC
& 'SAMPLE RETURN EL. 8-6"
N ACCESS DOOR
, EL. 3-9"
BOTTOM OF STACK
R EL. 0-2"
N
™

Figure 1. The Silo 3: 4-ft stack at Fernald. The downstream face of the Air Blender® is at
an Elevation of 44°-2”. The entrance of the sampling probe is at an Elevation of 62°-6”,
which provides a distance of 18’-4” for mixing of the flow after it passes through the Air
Blender®. Because the inside diameter of the stack is 47.6” in this mixing zone, the mixing
distance is specified as 4.6 diameters. '
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Figure 2. An S-Series Air Blender® that is used to enhance mixing of fluid
momentum and tracers with the bulk flow. The mixing is effected by two counter-

rotating vortices setup by the inner and outer sets of vanes.
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aneclfon Regulating Valve
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S

Exhaust
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Figure 3. Laboratory-scale apparatus used to characterize mixing. The inside
diameter of the duct was 154 mm (6.05 inches). Experiments were conducted with

the sampling location set at various distances downstream of the mixing element.
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100 +

—&— Gas (5.6 m/s)
- @« Gas (12.2 m/s)
—e— Velocity (5.6 m/s)
- # - Velocity (12.2 m/s)
- —EPA Limit

3

g

o]

Q

0 4 6 8 10
" LD

Figure 4. Results of laboratory-scale experiments with an Air Blender®. At a
distance of 4.6 diameters (the distance between the mixing element and the sampling

probe in the Silo 3: 4-ft stack), the COVs of tracer gas and velocity are 8% and 2%,

respectively.
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-y SAMPLEFLOW . ©.
SAMPLING LOCATION (3.25 D)

CeLENUM (MDE+POE+HDE+VHDL)

0 1 2

_ TORNADO DAMPERS
SCALE, f | "

Figure 5. The main stack of the planned MFFF stack at the Savannah River Site. The
dimensional reference in the figure is for the 1:5.1 scale model. The actual stack is
1.59 m (102 inches) diameter. Distance between the exit plane of the mixing element

(Air Blender®) and the entrance plane of the sampling prot;e is 4.6 stack diameters.
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Sheet 3

Silos Project Design Change Notification Review and Concurrence Form

Fluor Fernald Project No.: 40430

Project Name: Silo 3
Design Change Notice (DCN) No.: 40430-JEG-115

Document Change Natice: Silo 3 Exhaust Stack Static Mixer
Summary of Change: Provide sketches SK-40430-DCN-115-01 and SK-40430-DCN-115-02 to show

where and how the static mixer should be mounted.

REQUIRED CONCURRENCES: NO YES , COMMENTS
1  Safety Basis Doc. Acceptable? I Y| ]
A}
Safety & Health (Signature) ? (/—( LSK// p’(/"(/v\’ 1 T-0D
. { Date
2 SRC Review Required? [ X1 [ ]
3 Engineering (Signature) i / | K/ 3
ret Date
4  Construction (Signature) A '
Date
5 QA/QC ik
Date
6 Environmental Compliance /(//{“
Date
7  Operations i /f' ]
Signatures ' Date

- | /jj -
Fluor Fernald PE 7/&5&/%//' Date: /1/18(0 3

Concurrence: /Rejected:

Verification that change has been incorporated into approved design documents and/or implemented in
the field:

-{ Fluor Fernald '
PE or CE Concurrence: WL Date: ////7/"3

ORIGINAL

000035
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SILOS PROJECT SAFETY BASIS IMPACT SCREEN

Design Document No. DCN # 40430-JEG-115 Silo 3 Change Originator: Mike Griffin
Exhaust Stack Static Mixer

Safety Basis Screen Orlginator Brenda Kuhnel

Date of Safety Basis Screen: 11/19/03

Does the proposed change affect the SSCs identified Iin Chapter 4 of the PHAR or the draft DSA, such as

1
Safety-Class SSCs, Safety Significant SSCs, or Equipment Important to Safety? [ JYes  x No
Explain: No SSC's identified in chapter 4 of the PHAR or the draft DSA are impacted by these revisions to
describe mounting of the static mixer.

2 Will the proposed change affect any parameters-used in calculations supporting the Hazard Analyses
documented in Chapter 3 of the PHAR or the draft DSA? [] Yes x No
Explain: Parameters used in the calculations supporting Hazard Analysis include inventory and
assumptions regarding release. The hazard analyses parameters are not impacted by these revisions to
describe mounting of the static mixer.

3 Will the proposed change affect any of the Safety Basis Requirements established in the PHAR or draft
DSA, for example: ,
s Technical Safety Requirements (TSR)
¢ Inventory Threshold Limits
¢ Dose Thresholds identified in DOE-STD-1027-92
o Limitation of material types, characteristics, and unique properties
[J Yes x No
Explain: The Safety Basis Requirements are not impacted by these revisions to describe mounting of the
static mixer.

4 Does the proposed change identify a potential lnadequacy (e.g. new accident) in the PHAR or draft DSA, or
any potential reduction in any TSR?
] Yes x No
Explain: These revisions to describe mounting of the static mixer will not identify any new potential
inadequacies.

5 E_?es the proposed change affect the activities or requnrements of a nearby or adjacent facility or activity?

Yes x No

Explain: No adjacent facilities or activities will be impacted as a result of these revisions to describe
mounting of the static mixer.

6 Does the proposed change result in a change in the inventory or amount of hazardous material?

[J Yes x No
Explain:_The proposed changes do not change inventory of hazardous material.

If the answer to any of these questions is ‘Yes’, update analysis to reflect 'change and incorporate
change into the final DSA.

Per this Safety Basis Impact Screen, the proposed change [ ]does x does not impact the Silo 3 Safety Basis.

Signature:

91 ALY )ﬂ L (/\' | Date___ (11703 |

“Safety Analysis Lead
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Sheet 1
SILOS PROJECT DESIGN CHANGE NOTIFICATION :
(1) SUBJECT: SILO 3 EXHAUST STACK STATIC MIXER DCN No.: 40430JEG- | (S
{2) DESCRIPTION OF PROBLEM/REQUESTED {3) JUSTIFICATION/REASON FOR CHANGE:
CHANGE:

Add static mixer to stack design and construction. | Static mixer required to achieve exhaust air mixing
requirements associated with exhaust sampling,

Per ANSI N13.1.

See Athachment A ‘
S ) p: ./11'7// //

(4) REQUESTED BY: _/U] (1] (=, TT2 0N (6] REVIEWED BY: < Zra/d—%/

' (ENGINEE NW
pATE: 1/ é/oE | oate: _ Y/ 7’4&3 U

Iy {7) SOLUTION WORK TO BE PERFORMED BY
(5) NEED DATE 9 5/03 ~

& Title fll - Site O Jacobs (Oak Ridge)
(8) PROPOSED SOLUTION: (See attached) 7 :

Trnstall mixer at locatin shoawr (n Sketeh 0. Trstall
svppests ﬁr mixer and weld per BMail €rom  Tom Shiner
dated A-03-03 (witached).

I&%_%&«_ Z _-& 03
{Jacobs Réfsponsible Engineer) ?’? ///9/ 3 Date _

i // glo %
(9) APPROVALS TO PROCEED WITH DESIGN:

QﬂM ks

/NG!NEERING WAGER - 7 AATE
ceed with DCN approval prior to RDP development. O NO )’(YES
W : L / t9 / 0=
PROJECT MANAGER . DATE
320037

DUPLICA
ORmMWJF st

Silos DCN Process - February 2003
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The Gas Blender™ Aftachmen A
Pase | of 4

With its tremendous flexibility and unparalleled reliability, the Gas Blender™ static
mixing device is the practical answer for mixing gases, vapors, liquids and powders into
gas streams. It is a solution that combines low-pressure drop, low maintenance and
long life with efficient, predictable performance. : - 5
Designed with the most demanding customer in
mind, using state-of -the art FEA (Finite Element
Analysis) and CFD (Computational Fluid
Dynamics) software in conjunction with decades of
test and application experience, there are few
mixing problems the Gas Blender™ can not solve.

r
¥

The patented design of the Gas Blender™ Static
Mixer provides high, predictable levels of mixing
effectiveness. Flows entering the static mixer are
forced into swirling vortices by the geometrically scaled blades. This "swirling action"
forces all the gas within a given flow toward the center of the duct, causing mixing to

occur.

Applications

Since the Gas Blender™ uses the velocity of the gas stream, it can effectively operate
over very broad thermal and flow ranges. The mixing units are successfully installed in
applications where temperatures range from below 0°F (-18°C) to more than 2000°F
(1093°C), and flow rates from less than 175 cfm (5 cmrﬁ) to flows exceeding 850,000
cfm (24,072 cmm). Because of the broad flow ranges and a low-pressure drop, the Gas
Blender™ is the ideal solution for many industrial process system and environmental

control system applications. These applications are grouped into three major categories;

Thermal Mixing, Concentration Mixing, and Velocity Profiling.

www.airblender.com -

Blender Products Inc. 5010 Cook St. Danvaer, Colorado 80218
Phone: 800-523-56705 Fax: 303-296-1520 Email: info@airblender.com ®Blender Products, inc. 2001
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Griffin, Michael PCN 40430 -T€6 -5

From: Danielson, Edwin A trachment A
Sent: Thursday, September 04, 2003 11:17 AM Page 4 of 4
To: Edwards, Doris; Griffin, Michael J

Cc: Tomczak, Larry; Houchins, Ronald

Subject: FW: Locations for mixer and sampling station/Silo 3

Here is Dr. McFarland's response to blender and single point sample
extraction locations for Silo3...

skip

————— Original Message-----

From: McFarland, Andrew R [mailto:arm@neo.tamu.edu]
Sent: Thursday, September 04, 2003 10:17 AM

To: edwin.danielson@fernald.gov

Subject: Locations for mixer and sampling station/S8ilo 3

Mr. Danielson:
Pursuant to our telephone discussions, I would like to state that I have

reviewed the layout drawings for Silo 3 with respect to geometrical
considerations for achieving compliance of your sampling location with
the ,

mixing requirements of ANSI N13.1.

First, with respect to the AirBlender, I suggest that you locate it at
the
. upstream end of the 4'-0" diameter section (i.e., at the flange between

the
transition section that reduces the diameter from 6'-0" to 4'-0" and the

4t
0" straight section). The diameter of the AirBlender will be 4'-0".

.Second, with respect to the Sampling Location (SL), I suggest that it be

placed no closer than 5 diameters downstream from the face of the
AirBlender

and no closer than 3 diameters upstream of the start of the transition
section that reduces the stack diameter from 4'-0" to 2'~3"., If we
consider '

an elevation view of the stack,. and a551gn the upper edge of the-
AirBlender

a value of O-diameters, the SL should be located at an elevation of at

least
5-diameters. Also, assuming the total length of the 4'-0" diameter

section .

is 12.8-diameters, the SL should be at an elevation no greater than 9.8-
diameters from the AirBlender.

Sincerely, . . -

Andrew R. McFarland, Ph.D., P.E.
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Shiner, Thomas

—A%*—ﬁ-e%‘m Doy Yoyzo-JIBe&- 15

From: Shiner, Thomas P“J‘- [ of |

Sent: Wednesday, September 03, 2003 9:58 AM

To: Howard, Lorie SH-40430 - P -ns-02,
Cc: Jenkins, James

Subject: RE: GAS BLENDER static mixer mounting and Performance information

Lorie:

Angle clips are to be A36 or equivalent.

‘Tom
-----Original Message-----
From: Shiner, Thomas
Sent: Thursday, August 28, 2003 10:17 AM
To: Jenkins, James
Cce: Edwards, Doris; Hughes, Jack; Stone, Jeff; Danielson, Edwin; Mcguire, Rick; Myers, Bruce

Subject: RE: GAS BLENDER stati¢c mixer mounting and Performance information
Jim:

| recommend weldmg angle clips to the inside of the stack. This can be done at the stack manufacturer's prior to
shipping if desired. | talked with Blender Products and they are OK with this installation method.

NOTE: Elevation of the mixers within each stack is to be determined by others. I've heard at least 3 different locations
so I'm staying out of it.

The mixer is to be supported by 1-1/2" x 1-1/2" x 1/4" thick angles. Each angle clip is to be 2" long. For Silos 3 stack,
8 clips are required, evenly spaced approximately 19" apart inside the stack. For S|lo 1 and 2 stack, 12 clips are
required, also spaced approximately 19" apart.

Each clip is to be welded to the inside of the stack on both sides of its vertical 1-1/2" leg with a 3/1'6" fillet.
At the time the mixer is set in place (possibly in the field), itis to be tack welded to the horizontal leg of each clip angle.
If you need further information or a sketch (I don't have one prepared so please don't ask), let me know.

Tom

—--QOriginal Message--—--

- From: Jenkins, James

Sent: Tuesday, August 26, 2003 5 18 PM

To: Shiner, Thomas

Cc: Edwards, Doris

Subject: FW: GAS BLENDER static mixer mounting and Performance
information

TOM: TAKE SOME TIME TO LOOK AT THE "CONNECTION" MENTIONED BELOW FOR THE GAS BLEN DER T0
THE STACK. GIVE ME YOUR COMMENTS ASAP.

THANKS JiM J.

-----Original Message----

From: Edwards, Doris '

Sent: Tuesday, August 26, 2003 12 50 PM

To: Jenkins, James; Beckman, Stephen; Barber, James : 0000 43
Cc: Danielson, Edwin; Tomczak, Larry; Howard, Lorie; Myers, Bruce A

1
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Sheet 3

Silos Project Design Change Notification Review and Concurrence Form

Fluor Fernald Project No.: 40430

Project Name: Silo 3

Design Change Notice (DCN) No.: 40430-JEG-056

Document Change Notice Title: Silo 3 Exhaust Stack Diameter

Summary of Change: Revise Exhibit 3, Sketch 1 of Specification ES-JM-STK-19-5209 (document
40430-TS-0010). This DCN reduces the diameter of the stack to provide for greater velocity
pressure. This change is a result from operational experience gained on the AWR RCS stack.

REQUIRED CONCURRENCES: NO YES COMMENTS
1  Safety Basis Doc. Acceptable? | [ X |
orftL i3
Safety & Health (Signature) ) / //‘/0§
Date
2  SRC Review Required? : [~ | ] ]
3  Land Use Review Required? [ X P ]
Engineering (Signature) : %/A/uﬁ— i /& /o %
Date
4  Construction (Signature) @ los 7 NNy a—
Date
5 QA/QC N (A
VA
6  Environmental Compliance . - ot L o2, "‘//(/43
Date
7 Operations
Signatures Date

7 /[
Fluor Fernald PE . Date: 6/,//& /03

Concurrence: ‘/Rejected:

Verification that change has been incorporated into approved design documents and/or implemented in
the field:

Fluor Fernaid 7
PE or CE Concurrence: M‘/M _Date: / Z///‘? -/0}

Wh‘"

OR!T'™AL

Silos DCN Process — February 2003 00044



SILOS PROJECT SAFETY BASIS IMPACT SCREEN

Design Document No. DCN 40430-JEG-056 Change Originator M. Griffin

Safety Basis Screen Originator Charles Nelson

Date of Safety Basis Screen  04/16/03

1

Does the proposed change affect the SSCs identified in Chapter 4 of the PHAR such as Safety-Class
SSCs, Safety Significant SSCs, or Equipment Important to Safety? [] Yes X No

Explain: The proposed change will only affect the diameter of the stack to provide adequate velocity of air within the
stack to enhance performance. This change does not affect any of the SSCs as identified in chapter 4 of the PHAR for

Silo 3.

2 Wil the proposed change affect any parameters used in calculations supporting the Hazard Analyses
documented in Chapter 3 of the PHAR? [[] Yes X No
Explain: The proposed change does not affect the accidents analyzed and will not change any parameters used in
calculations supporting the hazard analyses in the PHAR.
3 Will the proposed change affect any of the Safety Basis Requirements established in the PHAR, for
example:
¢ Technical Safety Requirements (TSR)
¢ Inventory Threshold Limits
¢ Dose Thresholds identified in DOE-STD-1027-92
¢ Limitation of material types, characteristics, and unique properties
{0 Yes X No
Explain: The proposed change will only enhance the the performance of the Stack and does not affect any hazard
analysis parameters used in the calculations in support of the PHAR. The TSR refers only to the silos.
4 Does the proposed change identify a potential inadequacy (e.g. new accndent) in the PHAR or any potential
reduction in any TSR?
[] Yes X No
| Explain: This change will not cause any new accidents and has no affect on the hazard analysis parameters used in
calculations in support of the PHAR. Therefore, the change does not identify a potential inadequacy in the PHAR.
5 Does the proposed change affect the activitles or requnrements of a nearby or adjacent facility or activity?
[ Yes X No
Explain:The proposed change will only affect a the stack diameter and will have no affect to nearby or adjacent
facilities. ]
6 Does the proposed change result in a change in the inventory or amount of hazardous material?

[] Yes X No

Explain: This change only affects the diameter of the stack and has no affect on the hazardous or radiological
inventory.

If the answer to any of these questions is ‘Yes', update analysis to reflect change and incorporate change
into the final DSA.

Per this Safety Basis Impact Screen, the proposed change [ |does X does not impact the AWR Safety Basis.

Signature:

a A/c'/(u,.. @ Date OV’//L/ﬂE

Safety Analysis Lead

120045

5442
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' : Sheet 1

SILOS PROJECT DESIGN CHANGE NOTIFICATION

{1) SUBJECT: SILO 3 Exhaust Stack Diameter DCN No.: 40430-JEG-056
(2) DESCRIPTION OF PROBLEM/REQUESTED {3) JUSTIFICATION/REASON FOR CHANGE:
CHANGE:

This change is a result from operational experience gained on

‘| The diameter of the stack needs to be reduced to the AWR RCS stack.
provide for greater velocity pressures. This could be
accomplished by reducing the diameter from 6 foot to
4 foot. The sampling rake/probe will need to be
located from 6-8 stack diameters from the last
influent pipe on the stack preferable 8.

(4} REQUESTED BY: _MIKE GRIFFIN_ {6} REVIEWED BY:

DATE: _3/18/03 DATE:

{7) SOLUTION WORK TO BE PERFORMED BY
{5) NEED DATE 3/20/03

%Title ll - Site (0 Jacobs (Qak Ridge)
{8) PROPOSED SOLUTION:

o Revise BxeHB(T 3 SKkeTcH | oF
BPECIFIcAT (o) ES-IM-5T-(9 -5 209

. BEE ATTAAMENT |

G L el LLE
//uacobs Resangineer) | .I>Date / /

A9) APPROVALS 0 PROCEED WITH DESIGN: ,

7 YA

ENGINEERING MANAGER U 7// O - 7 DATE

Proceed with DCN approval prior to RDP development. 1 NO #’YES

/4-// Mu GRIFEIA A z&ow %w&é’ <16/

PROJECT MAMGER DATE

ORIGINAL

Silos DCN Process - February 2003 000046
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Document No.: Exhibit 3 ISSUE DATE

“ . Equnpment Specification | 40430-TS-0010 01122103 | K54 43

Specification No. REV,
ES-JM-STK-19-5209 Z
Page EQUIS[TION,

@ 20f86

PROJECT TITLE CONTRACT NO, PUANT LOCATION
Sile 3 Project DE-AC24-010H20115 | Fernald, Ohio

EQUIPMENT . EQUIPMENT NO.
Exhaust Stack STK-19-5209

Sketch 1

STACK

o~ 0.
x
?g ) / I
4
s Bl ol STACK
$ o u', z - §TK-19r5209
ol .
) |
/ ] ( [H
6o oP.
—
.G .
) -
7 o A
s e e B = = = SN\
e B ) ' N7 Raa®
4 ST - — gy Y &
5 8 =
T Te n
5 .
J CONC FON - g
~ . [=]
=
LEVATION VIEW
. NOT TO SCALE
NOZZLE ORIENTATION LOCATION. AND ELEVATION SHOWN FOR
INFORMATION ONLY (NOT TRUE ORIENTATION)
. NOZZLE POSITIONS SHALL BE _ESTALISHED PER NOTES
AND COMPANY INPUT FOR DUCT AND PIPING ASSEMBLY.
Z Y~
— bl
ATTA’GHMCNT { PcH 4pd430- JEG-O
e S — S—— Rt

000047/
ke |





