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SECTION 1

INTRODUCTION

Midwest Research Institute (MRI) 1s pleased to submit this report documenting
portable wind tunnel tests that were conducted to quantify wind resuspension emis-
sions of particulate matter from the soils and sediments of Operable Unit Three (OU3)
of the Rocky Flats Plant near Golden, Colorado The test sites were concentrated
within three locations the shore around Standley Reservorr, the shore around Great
Western Reservorr, and the terrestrnial sites between the two A map of the test sites
Is shown in Figure 1-1

This report describes the sampling equipment and procedures that were used in
the field testing and the results obtained Further description of the test sites and
other technical background information for this study are provided in Technical
Memorandum No 1 to the Final RFI/RI Work Plan Operable Unit No 3 (U S Dept
of Energy, 1993)

The body of this report is organized as follows

Section 2 describes the equipment and procedures used for field sampling and
analysis

Section 3 describes the types of tests performed and the levels of disturbance
applied to the test surfaces

Section 4 presents the test results and assesses the quality of the test data

Section 5 lists the literature references

The field data sheets generated during this study are incorporated into
Volume Il of this report

MRI MR3155 TR ) 1
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SECTION 2

SAMPLING/ANALYSIS EQUIPMENT AND PROCEDURES

The MRI portable pulli-through wind tunnel, as described in the A/Superfund
National Technical Guidance Study Senes, Volume Il, Estmates of Baseline Air
Enmussions at Superfund Sites (EPA, 1989), was used in performing the proposed field
studies The MRI wind tunnel (Figure 2-1) features all of the required design and
operating charactenstics, including the equipment for extracting i1sokinetic samples of
wind generated particulate matter, for mass emissions and particle size determination
It 1s powered by a gasoline engine with direct mechanical linkage to the primary
blower, which pulls the airflow through the tunnel

In operating the wind tunnel, the open-floored test section is placed directly
over the surface to be tested Air 1s drawn through the tunnel at controlied velocities
The exit air stream from the test section passes through a circular duct fitted with a
sampling probe near the downstream end Air is drawn through the probe by a high-
volume sampling train Interchangeable probe tips are sized for 1sokinetic sampling

A high-volume ambient air sampler 1s operated near the inlet of the wind tunnel
to provide for measurement and subtraction of the contribution of the ambient back-
ground particulate level By sampling under light ambient wind conditions, background
interferences from upwind erosion sources can be minimized

The wind tunnel method relies on a straightforward mass balance technique
for caiculation of emission rate No assumptions about plume configuration are
required

-
-,

This technique provides for precise study of the wind erosion process on
specific test surfaces and for a wide range of wind speeds Previous wind erosion
studies using the MRI wind tunnel have led to the EPA recommended emission factors

MRI M\R3155 TR 3
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presented in Compilation of Air Pollutant Emission Factors (AP-42), published by '

US EPA (1985) |
21 SAMPLING EQUIPMENT

The MRI wind tunnel 1s identical in design to that developed by Gillette (1978)
but is nearly twice as large It consists of a two-dimensional 5 1 contraction sect{an,
an open-floored test section, and a roughly conical diffuser The larger test area of
this tunnel (30 cm x 3 5 m) provides for its use on rougher surfaces The tunnel
centerline airflow 1s adjustable up to an approximate maximum speed of nearly 19 m/s
(40 mph), as measured by a pitot tube at the downstream end of the test section

Although the portable wind tunnel does nct generate the larger scales of
turbulent motion found in the atmosphere, the turbulent boundary layer formed within
the tunnel simulates the smaller scales of atmospheric turbulence It 1s the smaller
scale turbulence that penetrates the wind flow in direct contact with the erodible
surface and contributes to the particle entrainment mechanisms

The wind speed profile near the test surface (tunnel floor) and the walls of the
tunnel have been shown to follow a logarnithmic distribution

u= z
uz) = — In — 1
() 57 " 2 (1
where u = wind speed, cm/s
vt = fnction velocity, cm/s
z = height above test surface, cm
z, = roughness height, cm

The frniction velocity, which 1s a measure of wind shear at the erodible surface,
characterizes the capacity of the wind to cause surface particle movement .As indi-
cated from Equation 1, the wind velocity at any fixed height above the surface (but
below the centerline of the wind tunnel) 1s proportional to the friction velocity The
roughness height of each test surface I1s determined by extrapolation of the logarnithmic
wind speed profile near the surfacetou =0

MRI M\AR3155 TR 5



Attachment
94-RF-02329
Page 12 of 49
An emissions sampling module provides for representative extraction and |

aerodynamic sizing of particulate emissions generated by wind erosion The sampling

module 1s located between the tunnel outlet hose and the fan inlet The particulate

sampling train, which 1s operated at 34 to 69 m*/h (20 to 40 acfm), consists of a

tapered probe, cyclone precollector, parallel-slot cascade impactor (optional), backup

fiter, and high-volume motor The sampling intake I1s pointed into the air stream, and

the sampling velocity adjusted to the approach air speed by fitting the intake with a

nozzle of approprate size

When operated at 69 m*h (40 acfm), the cyclone has an approximate cutpoint
of 10 umA, based on laboratory calibration (Baxter et al, 1986) Thus the particulate
fraction that penetrates the cyclone constitutes PM-10

When additional particle sizing 1s required, a high-volume cascade impactor with
glass fiber impaction substrates i1s inserted between the cyclone and the back-up filter
(as shown In Figure 2-2), and the sampling train is operated at 34 m%h (20 acfm)

The cyclone preseparator I1s used to remove coarse particles that otherwise would be
subject to particle bounce within the impactor, causing fine particle bias At the

20 acfm flow rate, the cyclone has a cutpoint of approximately 15 umA, based on
laboratory calibration (Baxter et al, 1986) The use of greased glass fiber substrates
mitigates against residual particle bounce and provides for direct gravimetnc analysis
of the particulate catches without the need to remove and separate them from the
substrates

A pitot tube 1s used to measure the centerline wind speed in the sampling duct,
upstream of the point where the sampling probe 1s installed The volumetric flow rate
through the wind tunnel 1s determined from a published relationship (Owen and
Pankhurst, 1969) between the centerline (maximum) velocity in a circular duct and the
average velocity, as a function of Reynolds’' number Because the ratio of the
centerline wind speed in the sampling duct to the centerline wind speed in the test
section i1s nearly independent of flow rate, the ratio can be used to determine
isokinetic sampling conditions for any flow rate in the tunnel

A portable high-volume air sampler with an open-faced filter 1s operated on top

of the tunnel inlet section to measure background dust levels The filter 1s vertically
oriented parallel to the tunnel inlet face

MAI M\R3155 TR 6
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22 SAMPLING PROCEDURE

Prior to each test series, the test section of the tunnel 1s placed directly on the
selected test surface Care s taken not to disturb any natural crust that might be
present To prevent air infiltration under the sides of the open-floored section, the
rubberized skirts, which are attached to the bottom edges of the tunnel sides, are
stretched out on the surface adjacent to the test surface Rubber tubes filled with
sand are laid along the skirts to assure a tight seal

With the tunnel in place, the airflow is gradually increased up to the threshold
for the onset of wind erosion, as determined by visual observation of migration of
coarse particles, and then reduced slightly At the sub-threshold flow, a wind speed
profile 1s measured and a roughness height i1s determined The measured roughness
height allows for conversion of the tunnel centerline wind speed to the equivalent
friction velocity using the loganthmic wind speed profile A separate areawide
roughness height reflecting the larger terrain features 1s used to convert the tunnel
centerline wind speed to the equivalent wind speed at a standard 10-m height

Sampling 1s intiated just after the tunnel centerline wind speed reaches the first
prescribed super-threshold level corresponding to the desired friction velocity or wind
speed corrected to a height of 10 m  After the prescribed sampling period, the fiow 1s
shut off and the particulate samples removed (cyclone catch, impaction substrates
[optional], and backup filter) Then with the tunnel in the same position, testing may
be conducted separately at the same flow rate to determine whether the erosion rate
Is decaying in the manner of a "limited reservoir* surface (Cowherd, 1993) Again with
the tunnel still in the same position, testing may be conducted at a higher flow rate
Additional tests of the same surface may be performed at successively higher wind
speeds up to the flow capacity of the tunnel

At the end of each test, the sampling train 1s disassembled and taken to the
field instrument van, and the collected samples of dust emissions are carefully placed
In protective containers After transfer of samples to a laboratory setting, high-volume
fiters and impaction substrates are placed in individual protective envelopes or in
specially designed carrier cases Dust 1s transferred from the cyclone precollector by
brushing it into a tared clear, resealable plastic pouch

MRI M\R3155 TR -8
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Dust samples from the field tests are returned to an environmentally controned
laboratory for gravimetric analysis Glass fiber filers and impaction substrates are
conditioned at constant temperature and relative humudity for 24 h prior to weighing
(the same conditioning procedure as used before taring) The particulate catch from
the cyclone precollector is weighed in the tared pouch

The raw test data that are recorded include the following

Site code and description

Test date, run number, and type of test

Start ttme and sampling duration

Threshold wind speed at tunnel centerline

Subthreshold wind speed profile

Operating wind speeds at tunnel centerline and at centerline of sampling tube

Sampling module flow rate

Ambient meteorology (wind speed and direction, temperature, barometric
pressure)

23 TEST RESULTS AND INTERPRETATION

Because wind erosion 1s an avalanching process, it 1s reasonable to assume
that the loss rate from the surface 1s proportional to the amount of erodible matenal
remaining

M M (2
dt
where M = quantity of erodible material present on the surface at any time,
g/m?
k =  constant, s~
t = cumulative erosion time, s

+ntegration of Equation 2 yields

MRAI M\R31565 TR g
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M=Me™ (3)
where M, = erosion potential, 1 e, quantity of erodible material present on the

surface before the onset of erosion, g/m?

Consistent with Equation 3, the erosion potential at a given wind speed may be
calculated from the losses of eridible matenal from the test surface for two erosion
times

( 3
M.-L
in l:A ! .
——d = (4)
M - 2
In ':AL?
\ ° )
where L, = mass loss during time period 0 to t,, g/m?
L, =  mass loss dunng time penod O to t,, g/m?

The loss of erodible material (g/m?) which occurs during a test is calculated as
follows

L= (5)
A
where C = average particulate concentration in tunnel exit stream (after *
subtraction of background concentration), g/m®
Q = tunnel flow rate, m¥s
A = exposed test surface area = 0918 m?

An iterative procedure is required to calculate erosion potential from Equation 4 after
substitution of two cumulative loss values and erosion times obtained from back-to-
back testing of the same surface at the specified wind speed

Whenever a surfac‘; 1 ested at sequentially increasing wind speeds, the

measured losses from the lower speeds are added to the losses at the next higher
speed and so on This reflects the hypothesis that, if the lower speeds had not been

MRI MA3155 TR 1 O
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tested beforehand, correspondingly greater losses wold have occurred at the higher
speeds

Based on field tests of erodible crustal materials (measured mostly at surface
coal mines), the erosion potential function for a dry exposed surface has been found
to have the following torm (Cowherd, 1988)

M, = 58(u* - u*)? + 25(u* - u*) (6)
= 0 foru* <yt
where u* = friction velocity (m/s)
u' = threshold friction velocity (m/s)

It provides the basis for the EPA method of estimating emissions from "industnal wind
erosion *

Emissions generated by wind erosion are dependent on the frequency of
disturbance of the erodible surface because each time that a surface i1s disturbed, its
erosion potential 1s restored A disturbance 1s defined as an action which results in
the exposure of fresh surface matenal On a land surface, this would occur whenever
soil 1s either added to or removed from the old surface, or whenever surface matenal
1s turned over to a depth exceeding the size of the largest pieces of aggregate present
in the soil In the absence of such anthropogenic disturbances, it 1s usually assumed
that natural "weathering” (e g, vegetative growth cycles, freezing/thawing) creates the
equivalent of one disturbance per year The effects of anmals frequently moving over
the surface may cause the equivalent of additional annual disturbances

In summary, the calculated test results for each test surface and wind speed
include "™

Roughness height

Friction velocity
Equivalent wind speed at reference 10-m height
Average emission rate

Erosion potential (for "imited reservoir” surfaces)

MRI MR3155 TR 11
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SECTION 3
SAMPLING PROTOCOL g

This section describes the types of tests performed to characterize the subject
soils and sediments under vanous levels of surtace disturbance

31 TEST TYPE

Two types of tests were performed in this study screening tests and
comprehensive tests A screening test entails an emission measurement for a 20-min
sampling penod with the wind tunnel operating near its flow capacty The purpose of
a screening test 1s to bracket the worst-case erodibility of representative portions of
the study area with different surface characteristics (solil texture, presence of
nonerodible elements, etc )

During a screening test, only a cyclone and a backup filter are used on the
sampling train  The sampling train 1s operated at 40 acfm so that the cyclone cutpomnt
Is approximately 10 umA This provides for separation of particulate emissions into
two particle size fractions total particulate matter* (TP) and PM-10

For a comprehensive test (seres), the wind tunnel 1s operated at two flow rates
approximately one-third and two-thirds of the range between the threshold velocity (for
the specific test surface) and the capacity of the wind tunnel At each flow, a 2-min
test 1s followed by an 8-min test so that the decay in the emission rate can be deter-
mined and the erosion potential calculated directly

-
< J
e
* "%

* Because of the typically high tunnel flow velocities, a large mass fraction of the
particulate emissions usually exceeds the 30-umA cutpoint frequently associated with
the standard high-volume sampler, particles captured by a standard high-volume
sampler are frequently referred to as "total suspended particulate” matter

MHI M\R3155 TR 1 3
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For the comprehensive tests, a three-stage cascade impactor 1s used in the
sampling train which is operated at 20 acfm At that flow rate, the cutpoint of the
cyclone precollector 1s approximately 15 umA, and the cutpoint of the first impaction
stage I1s approximately 10 umA

32 SURFACE DISTURBANCE LEVELS

The surface erodibilities of sampling sites within the three test locations were
affected either by natural mitigative influences of vegetation and crusting (terrestnal
sites) or by long-term consolidation of surface matenal (shoreline sites) In addition to
erodibility testing of these surfaces in their undisturbed condition, it was of interest to
test the surface matenials without the protective influences This was accomplished as
follows

At the shoreline sites, two levels of disturbance were imposed The first
involved manually raking the surface to a depth of 1 to 2 in This activity resulted in
loosening of the surface "crust," but 1t left nonerodible chunks of maternal on the
surface The second level of disturbance involved dnving over the surface with a
minivan or pickup truck to create surface matenal that was pulvenzed to a depth of at
least 1 1n

At the terrestrial sites, the same two types of disturbance were imposed, but
only after all vegetation had been cut at ground level and removed It should be noted
that the buned root systems that were left behind continued to bind surface matenal
with a resulting protective effect Figure 3-1 shows typical vegetation types that were
present along with other vegetation at each of the terrestrial sites The frame on this
figure represents the 30 x 30 cm cross section of the tunnel working section

MRi M\R3155 TR 1 4
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Site T-1

i ~ |
Site T-2 Site T-3 Site T-4

Typical Vegetation in Tunnel Test Sections
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Figure 3-1 Typical vegetation at terrestrial sites
(figure frame represents 30 x 30 cm tunnel cross section)
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SECTION 4

TEST RESULTS

A total of 15 screening tests and 8 comprehensive test series (32 individual
tests) were performed in this study These tests took place during two field trips
June 2 through 10, 1993, and July 8 through 10, 1983 Duning the first field tnp, large
shoreline areas of the Great Western Reservoir (GWR) were above the water level
and were available for testing However, during the perniod between the first and
second field tnps, the water level of both the GWR and Standley Lake rose substan-
tially covering most shoreline sites and preventing further testing Testing durning the
second trip focused on characterizing the much larger terrestrial area The shoreline
sites were believed to have been adequately characterized during the first field trip

Table 4-1 lists the site parameters for each of the tests including site identity,
level of disturbance and ambient conditions Al of the four orniginally designated
terrestrial sites were tested, and three of the six onginally designated shoreline sites
were tested Every site selected for testing was tested in its undisturbed condition and
with one or more levels of disturbance™ ‘Comprehensive tests were performed only on
disturbed surfaces Ambient temperatures (°F) varied from the 60’s and lower 70’s
durning the June testing to the 70's and 80’s during the July testing All tests were
performed on dry surfaces as determined by EG&G Rocky Flats personnel

Table 4-2 shows the quantitative measures of surface erodibility for each test
site including the thresholds for wind eroston and the roughness heights of each
surface As expected, the vegetation and imbedded rocks of the terrestrial sites
created greater roughness than was found at the shoreline sites Correspondingly, the
highest threshold veloctties were found on the vegetated terrestnal sites without any
surface disturbance, while the lowest threshold velocities were found at the highly
disturbed shoreline sites, especially at the Walnut Creek inlet to GWR

MAI MR3155 TR B 17
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TABLE 4-1 TESTSITE PARAMETERS :
Ambient
meteorology
Sampling Barom
Run Site u/o/ duration Temp pressure
Date No 1D Location Dx* Start ime (min) (°F) (n Hg)
6/2/93 RF-1 S-6 | North shore of G W U 15 42 00 20 75 240
. Reservoir I
9/2/93 *RF-2 S-6 | North shore of G W D 16 56 00 20 70 240 |
Reservoir
6/4/93 RF 3 sS4 Walnut Creek infet to G V) 13 57 00 20 60 246
W Reservorr
6/4/83 RF-4 S$-4 | Walnut Creek inlet to G D 15 25 00 20 68 245
W Reservoir
6/4/93 RF S S4 Walnut Creek inlet to G Dx 19 20 00 20 57 243
W Reservoir |
6/5/93 RF-6 S 4 | Walnut Creek inlet to G Dx
W Reservorr
a 1158 00 3 69 243 “
b 1216 30 7 69 243
c 1236 30 2 69 243
d 125100 8 69 243
6/5/93 RF-7 T1 Mesa SWof G W U 18 47 00 20 69 240
Reservoir
6/6/93 RF-8 T-1 Mesa SWol G W D 16 56 30 20 70 240
Reservoir
6/6/93 RF-9 T3 Mesa SWof G W 0] 193045 20 66 240
Reservorr .:
6/7/93 RF 10 T3 Mesa SWof GW D 09 31 30 20 54 240
Reservorr
6/9/93 RF-11 T-2 Hillside above Mower U 102120 20 70 245
Reservoir
6/9/83 RF 12 T2 Hillside above Mower D 11 56 55 20 74 245
Reservoir
6/9/93 RF-13 T2 Hillside above Mower D
Reservoir
a 17 54 42 2 67 243
b 1808 18 8 67 243
ot
K 18 24 50 2 67 243
d 18 3556 8 67 243
6/10/83 RF 14 S 3 | North shore of Standiey U 1002 45 20 71 246
Lake
MRi M\R3155 TR 18 )
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. TABLE 4-1 (Continued)
Ambient
meteorology
Sampling Barom
Run Site u/D/ duration Temp pressure
Date No ID Location Dx* Start tme {min) (°F) {n Hg)
_—
6/10/93 RF-15 | S-3 | North shore of Stangley D 113040 20 73 246
Lake .
6/10/93 RF-16 T4 Hillside to SW of U 16 18 40 20 76 24 4
Standley Lake
6/10/93 RF-17 T-4 Hillside to SW of D 175215 20 76 245
Standley Lake
7/8/83 RF-18 | T-1 Mesa SWol G W D
Resorvorr
a 102510 2 78 24 1
b 1034 25 8 78 241
c 1058 00 2 s2 | 241 |
d 1106 47 8 82 241 "
|
7/9/03 RF-19 | T Mesa SWol GW Dx |
Reservoir
a 08 46 25 2 68 243
b 08 54 10 8 68 243
c 09 14 03 2 71 243
d 0923 41 8 7 243
7/9/93 RF20 | T2 Hillside above Mower D
Resevoir
a 14 1953 2 83 24 4
b 14 36 38 8 83 24 4
c 1501 36 2 82 244
d 151149 8 82 24 4
7/10/93 RF-21 T-2 Hillside above Mower Dx
Reservorr
a S R 08%45 18 2 W |s® 72Me80 243
' b 08 53 21 8 72 243
c S, 09 1145 2 78 243
t
d » 09 20 41 8 78 243
MBI MR3155 TR 19
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R TABLE 4-1 (Cbntinued) ‘ v
Ambient
meteorology
Sampling Barom |
Run Site u/D/ duration Temp pressure ‘
Date No 1D Location Dx* Start time {min) (°F) (in Hg)
7/10/93 RF-22 T3 Mesa Sof G W D ’
Reservoir P«

a 1358210 2 86 24 3

b 135915 8 86 243

c 14 19 50 2 86 243

d 142950 8 86 243
7/10/93 RF23 { T3 Mesa Sof G W Dx

Reservoir

a 154059 2 90 242

b 16 49 25 8 90 242

c 17 08 20 2 90 242

d 171533 8 90 242
* U/D/Dx = Undisturbed/Disturbed/Extra disturbed
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bW & - o CYABtEM TEST SURFADETONDITIONS ¥ = & i ~ r= it o
Equivalent - s 0
¢ Threshold velocity at Threshold threshoid velocity
Roughness tunnel CL fnction velocity at1o0m
Run No Site ID U/D/ox* height (z,) (m/s) (mph) (cm/s) (mph)
RF 1 S-6 U 0012 12 27 67 76
RF-2 Se6 D 0025 62 14 38 39 ‘- .,
RF-3 S-4 v 0047 15 34 100 95 ’
RF-4 S4 D 0070 57 13 43 37
RF s S-4 Dx 0 00042 48 11 18 31
RF 6 S4 Dx 0 00006 44 10 14 28
RF-7 T1 U 10 > 19 > 43 > 280 > 121
RF 8 T1 D 080 88 20 120 56
RF-9 T-3 v 034 > 17 > 39 > 180 > 110
RF-10 T-3 D 0 065 10 23 74 65
RF-11 T-2 U 065 > 14 > 31 > 170 > 87
RF-12 T-2 D 0075 11 26 86 73
RF 13 T-2 D 028 97 22 97 62
RF-14 S$3 U 00010 11 24 44 67
RF 15 S3 D 0060 " 25 79 70
RF-16 T-4 U 045 > 14 > 32 > 160 > 980
RF 17 T4 D 012 10 23 84 65
RF-18 T1 D 016 84 19 73 53
RF 19 T1 Dx 0015 57 13 33 37
RF 20 T2 D 013 92 21 78 59
RF-21 T2 Dx 0038 79 18 53 51
RF-22 T-3 D 015 88 20 B 76 56
RF 23 T-3 Dx 0014 62 14 35 39
* U/D/Dx = Undisturbed/Disturbed/Extra disturbed
. > 'R L - . J
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e+ &Fhe dncdWBEd oA sitks altbrh e d A ashoR vEIodiied xceedny 80 mpn at
the 10-m reference height, pamally due to the presence of rocks imbedded 19 the
surface -« et s . Pea O ¢ o s Sty

Table 4-3 lists the wind tunnel test conditions The surfaces were tested at
10-m equivalent wind velocities ranging from 48 mph (Site S-4, Dx) to more than
110 mph (Site S-6, U) The equivalent wind velocity at the 10-m reference height
equals 2 8 times the velocity of the wind tunnel centerline, based on a macro-scale
roughness height of 1 5 cm for the Rocky Flats area as determined by Hodgin
(Hodgin, 1982)

Table 4-4 presents the emission rates (all tests) and erosion potentials
(comprehensive test series only) that were quantified in this study Based on the
recent results of replicate emission characterization of a defined test matenal
(Cowherd, 1993), the precision of erosion potential measurements with the MRI
portable wind tunnel may be expressed in terms of a relative standard deviation of
14 percent

The most erodible surface was found at Site S-4 (Walnut Creek inlet to Great
Western Reservoir) where a large area of silt had been deposited on top of the rocky
sediment present on the rest of the shoreline Unlike the other test surtaces, this
surface was relatively uncompacted As expected, emissions from all tested surfaces
increased substantially with the level of disturbance

The functional relationship given earher for erosion potential vs friction velocity
(Equation 6) was developed primarily from the testing of surface matenals (coal, over-
burden, etc ) at western surface coal mines This relationship is plotted in Figure 4-1,
along with the data points obtained from the present study It 1s clear from the figure
that the measured erosion potentials for moderately disturbed surfaces at the OUS3 test
sites are well under the values that would be predicted by the functional relationship
for "Industnial wind erosion * With the exception of two tests, even the erosion poten-
tial values for highly disturbed surfaces tested within OU3 are substantially less than

the values predicted by the relationship

Table 4-5 gives the mass emission rates for vanous particle size subfractions of
PM-10 Table 4% expresses the subfractions of PM-10 as weight percentages of TP
As indicated in Figure 4-2, the observed ratio ot PM-10 to TP was higher on the
terrestnial surtaces than on the shoreline surfaces In addition, the ratio tended to
decrease with level of disturbance, indicating that the increase in the wind-generated
TP emissions was higher than the increase in PM-10 emissions when the surface was
disturbed

MRI M RI155 TR 22
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we e, + « - FRBLE %3 WIND TUNNEL TEST CONDITIONS * =* = -
. Tunnel CL wind Fnction | Eauivalent wind, o
. * Fe oo 0t © O gelocty velocity velocity af 10 m *
Run No s/ic* Site ID U/D/Ox* (mph) {cm/s) {mph)

RF 1 S Sé U 387 98 110

RF 2 S S$6 D 303 83 85

RF-3 S S-4 V) 341 100 96

RF-4 ] S-4 D 289 95 81

RF S S S4 Dx 320 54 90

RF-6 c S4 Dx

a 171 24 48

b 171 24 48

c 237 34 67

d 237 34 67

RF-7 S T-1 U 343 220 96

RF-8 S T-1 D 332 200 93

RF 9 s T3 (Y 253 120 71

RF 10 S T3 D 325 100 91

RF 11 S T2 U 254 140 n

RF-12 S T-2 D 306 100 86

RF-13 (o] T-2 D

a 231 100 €5

b 231 100 65

c os 278 120 78

d 278 120 78

RF 14 S s3 U 322 59 90

RF-15 S S3 D 342 110 96

RF 16 g T4 U 371 180 100

RF 17 S T-4 D 336 120 94

RE¥E e 1 r C N T R D e tnepiien R P w‘,&

a et e Wy mfm e L -1l 67 A " wex

b 240 93 67

c 28 1 110 79

d 281 110 79

MRi MMR3155 TR
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SR TABLE 4-3 (Continued)
c sAl e i e mnal e etee s ¢ ‘”E'R'fx;ﬁnil CL.w:n; - };:l:c;n Equivalen} wind ) ) :
. 'y . . st velocty « - © veltty veldcity at 10 m M A
Run No S/IC* Site ID u/DOx* {mph) (cm/s) {mph)

RF 19 Cc T1 Dx

a 237 60 67
b 237 60 67
c 277 70 78
d 277 70 78
RF 20 o] T2 D

a 270 100 76
b 270 100 76
c 311 110 87
d 311 110 87
RF 21 (o] T2 Dx

a 240 7 67
b 238 71 67
[ 310 91 87
d 310 a1 87
RF 22 o T3 D

a 262 100 74
b 262 100 74
c = 340 130 95
d 340 130 95
RF 23 o] T3 Dx

a 242 61 68
b 242 61 68
c 342 86 96
d 342 86 96

MRI M\R3155 TR 24
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. . TABLE 4-4 TEST RESULTS .
Emission tate . ™.
. s . Erosion
. . Suspended particulate PM 10 potential
Run No Site ID u/D/ox* (mg/m’-sec), (mg/m*-sec) Ratio PM,10/SP of PM 10 (g/m?) || ~ .
RF 1 Sé6 U 217 0 059 0027
RF-2 S$6 D 21 041 00019 -
RF 3 S4 ,:.' U 245 . 0 .
RF 4 sse [" D 180 14 00077
RF 5 S4 Dx 8 590 100 0012
RF-6 S4 Dx
a 2410 72 00030 161
b 220 072 00033
c 17,800 76 00043 288
d 5054 30 0 0060
RF 7 T-1 V) 058 011 019 -
RF-8 T-1 D 145 0081 0056
RF-9 T3 u 024 022 089 -
RF 10 T-3 D 162 15 0094
RF-11 T2 U 016 0025 016 -
RF 12 T-2 D 116 011 00093 -
RF-13 T-2 D
a 28 4 15 0054 0357
b 144 034 024 L
c 250 074 0 030 ) 0703
d 449 037 0083
RF 14 3 U 244 .- 0 .
RF 15 §3 D 998 0075 0 0075
RF 16 T4 V) 048 0012 0025
RF 17 T-4 D 401 033 00081
RF 18 T1 D
a R 679 020 0030 0034
b o 'c’ d 127 0020 0016
c ' 137 038 0028 0109
d l 205 0061 0030

MR MMR2155 TA
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€ioom ’ * TRBLE 4%4 (Coritffugt)" © + ="~ € - «f
P T L M m“;'s';oﬁn'pa{:*-*’;“’“‘h;"”"”:‘" *toe "—T‘T"' A
. g N . - » Erosion . {. .
- d . Sugpendped paruculate , Pmi10 - potental
PunNo [ SitelD | U/D/Dx* *  (mg'm’ sec) (mg/m? sec) Rato PM 10/TP of PM 10 (9/m")
RF 19 T Dx
a 231 « 45 0020 112
b 201 L 006
c 181 36 " o020 204
d 410 089 0022
RF 20 T2 D
a 228 066 0 029 0150
b 143 014 0098
¢ 356 066 0019 0298
d 387 014 0035
RF 21 T2 Dx
a 103 077 00074 0 182
b 520 018 0034
c 988 21 0 0021 0684
d 400 051 0013
RF-22 T-3 D
a 867 026 0029 0039
b 102 0017 0016
c 469 10 0022 0261
d @13 020 0 022
RF 23 T-3 Dx
a 312 12 0038 295
b 262 29 01
c 1140 47 0042 147
d 66 6 12 017
U/D/Dx = Undisturbed/Disturbed/Extra disturbed
* Emussions are not distinguishable from the background
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« ., ¢ v <TABLE 4-5 MASSERMISSION RATES*igmsel) FOR *°* -
DIFFERENT PARTICLE SIZES
. RunNo S 1% ~ 3% pg Sty T, ipg<dzdy | ‘.—:;:_p;‘-"—q-?—“?'o_hj 1o ”: : '
.. |lrrea . e " 348 T 208 < w2 " Lt
R T 0344 " o108 0272 F 072 )
RF-6¢ 422 145 198 77
RF-6d 134 514 17 30
. * Il |Faae, o710 | 0685 o128 | ' 15 | "
Rl £ % i 0138 . 0169° 0035 034
RF 13¢ 03N 0354 0039 074
RF 13d 0153 0152 0 069 037
RF 18a . . 0217 020
RF 18b . 0 044 002
RF-18¢ 0030 . 0 361 038
RF-18d . . 0079 0061
RF-19a 173 119 161 45
RF-19b _ 0428 0204 0 399 11
RF 19¢ 156 0780 128 3s
RF-18d 0384 0191 0313 089
RF-20a 0066 0002 0593 066
RF-20b 0007 . 0140 014
RF-20c 0035 0002 0623 066
RF-20d . . 0 146 014
RF 21a 0248 0 285 0232 077
RF-21b 0056 0067 0 053 018
RF 21¢ 0869 0615 0613 21
RF 21d 0210 0149 0147 051
RF 22a 0157 . 0114 026
RF-22b 0020 . 0013 0017
RF 22¢ 0503 0 260 0263 10
RF 22d 0102 0050 0045 020
RF 23a 504 275 415 12
RF 23b 124 0675 102 29
RF 23c 193 13 167 47
RF 23d 475 277 410 12
* Calculated results are sightly negative due to corrections for background concentrations
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- TABLE& - WEIGNT-PERCENTS (%) OP FARTICULATE EMISSIONE  * % % *
Run No 42ug-< 101 pg a21 ug<43&) s21pg , .Total PM 10 > .
RF-6a e 0145 _ « , 00716 . ,00843 o 00w i n ey e
wBRBb | e v * DI hea ,: . .,.,’,'57)4‘69' . . (_M:#_: ‘f:- e -.--cjeej 0:'; -'.tﬁ': . 'o:,"--
RF-.GC 0256 ) 00812 omm 043 i
RF-6d 0 266 0102 0121 060
RF-13a 250 241 0 451 5§36
RF 13b 957 . 117 241 1¢ 24
RF 13¢ 125 158 0156 30
RF 13d 339 338 153 16 ‘
RF 18a * 320 28
RF 18b * 346 30
RF 18¢ 0223 264 20
RF-18d . 387 56
RF 19a 0759 0514 0698 20
RF 19b 213 146 198 2.2
RF-19¢ 0 862 0730 0704 29 |
RF 19d 0935 0 465 0763 98
RF 20a 0291 0 0075 261 29
RF 20b 1458 * 980 98
RF-20c 0 0089 0 0053 175 19
RF 20d . a7y 35 |
RF 21a 0241 0277 0 226 074
RF 21b 108 130 102 34
RF 21¢ 0 0879 0 0623 00621 o21
RF 21d 0525 0375 0 368 13
RF 224 181 * 121 29
RF-22b 200 * 123 16
RF 22¢ 107 0555 0531 22 )
RF 22d 112 0 543 0497 22
L J|LRF28a . ) 161 | . 0882 133 L .
b w72 TR S S SRR R & %m
= T L E O N X 3 4 (RO S
23¢ 170 0991 147 42
RF-23d 713 418 617 17
Calculated results are shightly negative due to corrections for background concentrations

MRI M R315F TR




IS S B S S S S SRS NU
2 \ N . \ N AN

- —-1 \ \\ N \ . \

z/ﬂ//// 77 b N\ N N N
RN

S \ ,

o ’;//\\ ! i !

(W]

o //k ; |

aaaq

NN

A-’: N
7
7d

/.’JA’/// ///\

' |
D | |
j;’;////// ////////////////\ i
/ M"‘k o b N8
7 .
/ !
! i
[

A\
f//////////,\ }
7

2\
://-//\ 1l f
///// ) | ) l

Xa/am

axgxu+3 00 G0QQOQaaan

2904 &

[e1)
/]

ettt &

/////////57///////////////////////////////////////////////////////////////////////////////////////////////////// \

Z \‘

Z |
7 \

N

7

e
TN
////////////////////\

xQxgxa*xaaagaaaan

/. &%f"‘\ . LN

L)
LR

Iv1)

Al 8ys o} Buipioade d1/0L-Nd oleYd  2-p ainbiy
an

(0L INd 1B Bau sayeoiput )

A

[es4

AJxG Qxaxaa n *153)

. . QI 3LIS OL HBNIGHODJV d1/0LIANd Ol

. : T 5\ . . ..vlwh.....“ .0 :""'. W? . ..;l. :. ..f..... "';.... .'. .-.:: . . . L i e
- . d ) . { * 1
o} .;',- o8 swe -.{1. . ‘:-'. tere ! w, o! s N :.' : -‘ MR B sl
< | i i ; f f | |
< f | ! | | J
.’ " 9 .-;0‘0' .f‘ * » 'i H ee® ; LK IS .'I ] i" Set * * i&' ** ‘: 1 4 e N °
6t Jo ¥ abed = ——e ' - U
62£20-4U-¥6
juswyoeRYy




-

% A VTR
X2, e L

» e M -

SECTION 5

REFERENCES ..

T T T S S (S TS N I 2 s S0 8 * e - %o ate T, ~h".’¢"o‘.ﬂ' “w

U S Environmental Protection Agency National Technical Guidance Studies Air
Pathway Analysis Procedure for Superfund Applications Vol || Estimates of Air
Emissions at Superfund Sites EPA-450/1-£3-002a

U S Department of Energy. Technical Memorandum No 1 to the Final RF1/R1 Work
Plan Operable Unit No 3 (draft). Rocky Flats Plant, Golden, CO April 1993

Gillette, Dale “Tests with a Portable Wind Tunnel for Determining Wind Erosion
Threshold Velocities * Atmos Environ 12 2309, 1978

Baxter, T E, D D Lane, C Cowherd, Jr, and F Pendleton “Calibration of a Cyclone
for Monttoring Inhalable Particulates * Joumnal of Envir Engineering, 112(3), 468, 1968

Ower, E and R C Pankhurst The Measurement of Air Flow Pergamon Press

London, 1969 8

Cowherd, C "Fugitive Dust Emissions * Aerosol Measurement Principles, Techniques,
and Applications Klaus Willeke and Paul A Baron (eds) Van Nostrand Reinhold New
York, 1993 ‘

Hodgin, C Reed "Near-Surface Meteorelomal Conditions Associgted with dotive -

J Pl 8¢

ot '\ s 4>

‘M«‘r—" A T s
25 3% 3 ~-u';‘cA\' VI PISHY )
o i - (o B gtgt TR q'h B

PreCIpltatlon Scavenging, Dry Deposmon and ResuspenSIon Santa Monica, CA, 1982
U S Environmental Protection Agency (1977) Quality Assurance Handbook for Air

Pollution Measurement Systems, Volume Il, Ambient Air Specific Methods
EPA-600/4-77-027b, Research Triangle Park, North Carolina

MAI MRMEE TR 31

o ¥

W]

; 00.‘!“". '.4 )‘ S f PFR MYy fu‘ “ l.,"..".m..*.,,.r



Attachment
94-.RF-02329

| Ao - BonhSraheiter T (1280} * BaRyrln Doz Mor AR S SRS 11 E AOY
Industrial Wind Erosion EPA Contract No 68 02-4395, Midwest Research lnsmute

Page 36 of 49

. , Wb o0 V0 gy o [
' July ' . o
v e L > oo - Pl Y . . . ° - . L] . !.
° e I . - -.-.. n & .:' .o ¢ o.. 0. .‘..‘ 4;& o
Cow’herd, Chatten, Jr (1993) Wlnd Tunnel Comparablllty Study—Draﬂ Test Report
Prepared for Great Basin Unified Air Pollution Control District, November
Ly ]
- o ; - . . 1 o0 L v, .
L4 egts Ba  &ab ¢y v ’ > edan o ol et N Na s b ote PP s b Wl W S
L
SRR AT WRS RS ARt M N e ,~"~'..~.-‘,» ool .‘-"q-..rﬂﬂ,{-s o "
Q"‘,lﬂ‘"ﬂt oﬁﬁ t’.(‘b""‘h. LA A .A" ML.\ J'.g‘q"‘ WECaefs | Ve B VISR Tu T JetHy TSI JID' Pl Qc“-y"'w \" o’o #.Oﬂ‘

. " .

MBI M R21(5F TR

(€}
N

et




Attachment
) 94-RF-02329

e et R o o N R N Lt L% ST RV N PR T3

LIC A § he e L
.. -{0‘0 . -
- s
o
w, o . 2
.
te % L4 [ 4 s

HAT e Em1Er TH

o

-~

sovm =, s o 0 W PR T | 'd'\' Sal St e e o bt peenvp

.o Page 37 of 49 *

. i »%°
- . e % sl ¢ cya e A el d tew l.-‘ LA IR 1A ¢ N R
A ’
’ * . * .. S . m e . > o ‘ o ot
. . . . . . b hed . *
.
<
-
. . R .‘ . . - . L U LI o | o
. } . . L4 » e
» * ., . ® % v e * o 7 . W w e \."' .|, .‘°*f .' ": .
.
. .

APPENDIX A

QUALITY ASSURANCE

27

< 3 ¢ Y WO A I AGE R e e -:



Attachment
94-RF-02329 (
. - ot - Page380f49

ot QUM ASTURANLE T o S et W EREESg Ran st b e M e, &L - .- =

el S $os oo .

B ey “""K‘n AT TEhEW ol prorect records was conducted by?ohn'klnsey and reported,
° on January 19 1994 to the- prorect und gualﬁ{/ assurance rpanagemeru staff The o * '.
pro;ect records wére reviewed for comphance to the qualrty assurance procedures

presented in the RFI/RI Final Work Plan, dated Apnil 23, 1993 In this review, no

checks of data entry, data transfer, or calculations were made However, Mr. Krnsey

+ s pvas advisad.that a complete example calcu'ation had been completed bysthe project .' ’ .

staff The tems reviewed and their associated procedures are listed below

‘-

BGI orifice calibration (EPA-600/4-77-027a and SOP EET-620)
Sampler flow rate calibration

Filter handling and analysis procedures (SOP EET-610)
Sample tracking

Data system validation

The review was audited by Carol Green on January 21, 1994 Several types of
records, not located during the initial review, were located and reviewed Based on
this audit, no major problems were found The results for each item reviewed are
provided below

BG! Orifice  The BGI onfice was used as a flow transfer standard It was to
have been calibrated against a Roots meter upon receipt and annually Both the
Roots meter and the orifice were calibrated by the manutacturer on June 10, 1992
Therefore, the device met the yearly calibration requirement for the June testing but
not the July testing A 1-month difference in the calibration time 1s not expected to
have an impact on the accuracy

Sampler Flow Rate The sampler flow rate calibration for the two particulate
samplers was performed in the freld just before samplrng, as requrred The calbration

'Y - 4‘

A S r A LU e g bt e e , A : N £ e SN e s L 1 4 P Ts  BRE (IO, & 3 TR
cah'bratron 6urves were used for the June testrng and the Ju!y testrng, respectrvely
‘-—"'

oo
.
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Sty oo o R Mt @l Atalyelet THE ClofationWis Cortubtedad feduirdd 1P he - T -
temperature and relatlve humidity devices in the constant temperature/humldny room
that was used to equmbrate and weigh the 8- % 10-In fxfters and 'gre;sed 4- X 5-In e
mpactor sub-strates before and after exposure The~ balanqe used fo wegh, hn Hems” . . o
was also properfy calibrated ’

o L] .

»

The only apparent dewatlon from the SOP requirements was that the filters
. .. were not packaged Jn glassine em.elo.pes for shipmant to the €iedd - ngeve‘r rthiss #s e .
SOP requirement was not approprate for this type of work The standard procedure
IS to package the items as described below, then ship the items to the fieid

1 The 8- x 10-in filters are placed in numbered file folders

2 The substrates are separated by wood and cardboard spacers, stacked, then
placed Iin plastic carriers

Glassine envelopes are used only to ship the exposed filters back to the
laboratory The substrates are returned to the laboratory in the plastic carrniers

Sample Tracking Sample tracking was to be performed using field logsheets
Although this system was not used, each filter had a unique number, and the number
was placed on the run sheets Thus, the only information missing was the exact times
of unloading from the sampler and storing in the field

Data System Validation A detailed sample calculation was provided by project

staff as proof of validation

NI s AR AR I TR IS
,a. ,gc - -xarq«.m,-r,s\o - p-s e, 1-:"- e, S ST D Ll ] An LY T TWREE S LGy g
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APPENDIX B

RESULTS OF GRAVIMETRIC ANALYSIS
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Lo At !-- PR A Y -:*W b S BNV SR MANEIRT INBLY s = 2B I AL fa T R e g e
I St I - T L o ISR Sl L S LT Fiter final* ¥ ™ Wblgh‘lvbz "* cc%l;r::’t(e-d. ‘I. adhakas b
i e‘st 1D No « Substrate ID No% weight (ng} wqiabkt (mg) deigrence (rea) b wigwht (mgl of| < . b
\RE-% 'é.'s.’a.g.-. o SyMpne & 7 L !‘:’sfs:mo-:. T ;‘3’23'7 65. . |° ;3289 a0 ) Soet ‘et s')o s - 0~ e
Blank (8 x 10) 9333008 3292 15 3292 00 -0 15 —_
Background 9333001 3277 10 3282 00 4 90 505
RF-2 6/3/93 Cyclone 9333004 320740 | 331175 1435 s, Moo
S ) Blank (a' x 10) o 9;53008 3292-15 ) 329200 -0‘15 T *
Background 9333001 3277 10 3282 00 490 505
RF-3 6/4/93 Cyclone 9333012 9 3278 70 327975 105 173
Cancelled on 333013 3265 55 o] 0 —_
6/3/93 {no! used)
Blank (8 x 10) 9333009 3252 20 3252 05 =015 —_—
Background 9333007 3276 00 331570 3970 40 37
RF-4 6/4/93 Cyclone 9333011 3248 30 3283 65 3535 36 02
Background 9333007 3276 00 331570 3970 4037
RF-5 6/4/93 Cyclone 9333010 3232 90 5458 00 2225 10 222578
Blank (8 x 10) 9333002 3264 40 3263 20 -120 -—
Background 9333006 3309 10 3337 05 27 95 28 63
RF-6 6/5/93 Background 9323018 326185 3287 45 25 60 2570
Blank (8 x 10) 9333020 3278 45 3278 35 -0 10 —_—
Blank substrate 9338048 1484 30 1485 35 105 -
Blank substrate 9338049 1499 60 1500 40 080 -—
RF 6a 6/5/93 Cyclone 9333053‘ 3271 60 3277 65 605 €615
Stage 1 9338056 1495 00 1502 25 725 6 32
Stage 2 9338057 1488 60 1500 05 1145 1063
Stage 3 9338058 1493 15 1499 30 615 522
RF-6b 6/5/93 Cyclone 9333014 3245 95 3247 90 195 205
Stane 1 Q338029 15n4 70 1507 15 245 163
&WW‘ :
A, SPTRI R AR ey
RF-6c 6/5/93 Cyclone 9333024 3235 50 3264 45 28 95 2905
- Stage 1 9338053 1496 85 1546 15 49 30 48 38
Stage 2 9338054 1489 50 1852 20 6270 6178
Stage 3 9338055 1497 55 151970 2215 2123

MBI MR 67 TR
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« ¢ o= et qeet . Grvimstnic Resulls (cGninged) op° *s » o . .
7, 0 Gemm aharalint’t . cuul, Y e ghetmee BEA® o b e gra bl T Wt W 45 G0 jy St P u S
‘ Blank-
e & o rew Tost'h 0" ) 'S:é':rz y '.r" ID No® ¥ .willngeh'tt;:\eg) ) wﬁel:tgel:t er:‘é)"' dlﬂeren(?eh t(mg’ "‘w’ea!;n:!ct;dg)__j et e oy
. = = e T e e DO 5 ok * A
, L. AF 6L 6593 . :C‘y_clone- T s.;aaaozs . 3620 . 1 11 60 ¢ J ‘ * .g,s,aq;:v.'_ e a5 59' ctfems ,.,‘_.: .- .
! * “Stage 1 © 9338050 146715 %568 65 101 50 [ 10058 : |
Stage 2 9338051 1468 10 1544 00 7590 74 98
e Stage 3 9338052 1478 20 1507 85 2065 2872
senw v v o FAF7 s'l;/oa . -O\'.Iono: o -F0333021% |¢ J224ss ofe b w7t b 33‘0. ‘3 o tpgov et 0w gl
‘ Blank (8 x 10) 9333026 335225 3352 15 -010 - )
Background 9333027 3226 95 323185 490 500
RF-8 6/6/93 Cyclone 9333030 3369 70 337280 310 290
Blank (8 x 10) 9333029 3357 90 3358 10 020 -
Background 9333028 3284 65 3292 00 735 715
RF-9 6/6/93 Cyclone 9333016 3243 35 3249 45 610 590
Blank (8 x 10) 9333029 3357 90 3358 10 020 020
Background 9333017 3237 85 3241 10 325 305
RF-10 6/7/93 Cyclone 9333034 3248 05 3284 30 3625 3590
Blank (8 x 10) 9333033 3287 80 3288 15 035 -
Background 9333035 3263 40 3268 00 460 425
RF-11 &/9/93 Cyclone 9333032 326105 326255 150 108
Blank (8 x 10) 9333022 3244 20 3244 45 025 -
Background Q333031 3234 15 3240 10 g og 553
RF-12 &/93 Cyclono 9533057 3288 60 328320 <, 460 418
Blank (8 x 10) 9333022 3244 20 3244 45 025 -
Background 9333050 3261 30 3276 10 14 80 1438
RF-13 6/9/93 Background 9333050 326130 3276 10 14 80 14 38
- Blank (8 » 10) 1 | 9333047 3237 75 323795 020 -
Blank (8 x 10) 2 | 9333049 3302 10 3302 90 080 -
Blank s.bstrate 9338041 1493 50 149385 | 035 — .
i et aduigied Lo BN (RN R S A iy ke
SN v A =3 ™ A - gort Wil varhed > o VL g g N T
Stage 1 9338035 1492 80 1494 75 195 160
;" . Stage 2 9338036 1495 25 1496 75 150 115
Stage 3 9338337 1496 70 1498 15 145 110
]
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. Page 43 of 49
“aas® - . e« s . G syynetric Redults (continued)e o o = by v Ve .~ PN
U Y S SR PPN YU VOPT I Y MU T L PSR YT AR ML Y. sob et
Blank-
v erens |vemtmag ~ % SREMET | 06t § oot ider | Rt tha | " ditorense (0) | "ot mg ¥ < T T 7
w e of . o v* oF ], TS B A D R ) BB e o N X
_— ‘RF labf/s/fa - Cyt:«ne. e .eac.::a—u. .| Mezeg ao A _3?90 §f‘ " o.z.g:: - i ..9?‘1 o - v " P
’ Stage 1 9338038 *1493 76 1495 2 150 115
Stage 2 9338039 1489 40 149075 135 100
Stage 3 9338040 4 ' 149570 1497 20 150 115 .
v, edvetor s [IRF 135 {00 w.| Epsionen AN apmesmo Y .1513,25;-' e g A78 ¢ 0 tenennd A PORTRe ta'lE ol oS
Stage 1* 9338042 1468 60 1469 30 " o0 035
Stago 2 9338043 1472 90 147370 080 045
Stage 3 9338044 148255 1483 45 090 055
RF .3d 6/9/43 Cyclone 9334039 3246 85 3247 75 090 048
Stage 1 8338045 1485 55 1486 55 100 065
Stage 2 9338046 1484 60 1485 80 130 095
Stage 3 9338047 1476 90 1478 15 125 0980
RF-14 6/10/93 Cyclone 9333051 327778 3278 80 105 070
Blank (8 x 10) 9333053 3307 40 3307 75 035 -
Background 9333052 3303 85 331140 755 720
RF-15 &/10/93 Cyclone 9333048 328520 3288 45 325 290
Blank (8 x 10) 8333053 3307 40 3307 75 03s -
Background 9333052 3303 85 331140 755 720
RF-16 6/10/93 Cvclone 9333015 321925 3221 10 185 155
Blanh (8 x 10) 9333038 3242 10 3242 40 030 - ~
Background 9333036 3264 55 327285 830 800
RF-17 6/10/93 Cyclone 9333019 3270 00 3279 10 910 880
Blank (8 x 10) 9333038 3242 10 3242 40 030 -
Background 9333036 3264 55 327285 830 800
RF-18 7/8/83 Blank (8 x 10) 9333059 3367 45 3367 85 040 -
Background 9333061 3396 15 3407 50 1135 1095
e T St IR S A PO Ta Pl s ST
S LY T T S e e i fom e el L S e a2 bat
Blank substrate 9338005 1506 50 1507 40 090 —
RF 18a 7/8/93 Stage 1 saiza'bﬁ. 1500 *0 1500 95 oes 008
Stage 2 9338019 1501 00 1501 80 080 003
Stage 3 9338020 1472 70 1473 45 075 -oa2
Back up 9333062 3343 20 3344 30 110 070
PR MVRIYEE TR B'S
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et oy e p EE .. Geavigetric Resultsycgniinuedy . - . . Page 44 Of 49 .
L O 8 S L B SRS 2 & R i "es o 8 g e Vs, esuwle TR l“
Blank
Filter/ Filter tare | Filter fing! Weaht,, +»_corrected v o™ e Ve
Test ID No Subsirate ¢ IDNo* weight (mg) weight (fhg) difference (mg) weight (mg) R
2ade  ee et A" L B e T T v P T I A it A
. :, « || RF 38b 77293 Stage 1 . , . | 9338018 & -15R0 30 1360 95 , wass .t 70 o8 - et
. @ . 1 . . o . ¢ o ode » - o [ f 5 7 . . v L e LIy L 2 { I o ® o
Stage 2 9338018 1501 00 1501 80 F 080 003
Stage 3 9338020 147270 1473 45 075 -0 02 - .
) Back-up 9333062 3343 20 3344 30 '::19 070 v
R T R T T TR B
Stage 2 | 9338—016 1480 96 ) 1481. 80 . 090 013
Stage 3 9338017 1508 95 1509 70 075 -0 02
Back up 9333063 3417 85 341925 140 100
RF 1864 7/8.93 Staae 1 9338015 1506 45 1507 15 070 -007
Stage 2 9338016 1480 80 1481 80 090 013
Stage 3 9338017 1508 95 1509 70 075 -0 02
Back-up 9333063 3417 85 341925 140 100
RF-19 7/9/93 Blank (8 x 10) 9333060 335575 3356 20 045 —
Background 9333058 3348 50 3353 10 460 415
Blank substrate 9338003 1503 55 1504 25 070 -
‘ RF 19a 7/9/93 Stage 1 9338012 1501 50 1504 90 340 270
Stage 2 9338013 151575 1621565 580 510
Stage 3 9338014 1490 70 1494 90 420 350
Back up 9333064 3381 55 3386 75 £20 475
RF 1eb 7/9/3 Stage 1 9338012 1501 §0 1504 53 340 270
Stage 2 9338013 1518 75 1621 55 £80 510
Stage 3 9338014 1490 70 1494 90 420 1 350
Back-up 9333064 3381586 3386 75 5§20 478
RF 19¢ 7/9/93 Stage 1 9338009 1502 75 1505 45 270 200
Stage 2 9338010 1475 60 1480 40 480 410
Stage 3 8338011 1492 50 1495 25 275 205
@m«ﬂWM&M&a&nﬁ%«w&w&wgﬁ% Tl Ko
ey O ATATTL T 3 o T TR S U TS * Fhf W I
* || RF 19d 7/9/03 Stage 1 9338008 1502 75 1505 45 . 270 200
Stage 2 9338010 1475 60 143040 ol 480 410
Stage 9338011 1492 50 1495 25 ' ' 275 2G5
Back up 338065 3366 10 3369 90 280 335
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Attachment

. . . Gravirpetric Results (continued) .o 3:1-155-220%2499 (‘
er ey Swbamotogoth o 2fe 420 une b o Sl W s 8 gp 8oPer o % veiwBpd 4 4 weo.0'F, e o b ad D o 6ol 0t
* - Blank
Filter/ ol Filter tare Filter gnal Weight corrected
¢ " " _TesliDRo Substrae ID Ne* _* | weight (mg) weight (mg) difference (mg) weight (mg) . ]
« " o Pwraloes Lpackooung . { 943307 T smeie | . %94 1085, 1 :
R r .....--:_-:%.:‘ Ml e eaen /o reat s e Sairan S e iy 2ol ity $ Radif s
* v Blank {8 x 10) 9333056 3365 50 3365 70 -
Blank substrate 9338006 1493 15 1493 65 050 _
_ Blank substrate | 9338027 1500 35 1501 55 120 — R
. . BF 203 7/0833¢ s 8 {6 Shp? 1 @ ey we| G3EL6214> § 0 150TSTRP s wag2osndipf 00 oM K pomopigt Bp(R o . |
Stage 2 9338022 1452 70 1453 25 055 o2 |
Stage 3 9338023 1498 80 1499 15 035 003
Back up 9333046 3282 65 3284 60 195 175
RF 20b 7/9/93 Stage 1 9338C21 1501 55 1502 55 100 068
Stage 2 9338022 1452 70 1453 25 055 023
Stage 3 9338023 1498 80 1499 15 035 003
Back-up 9333046 3282 65 3284 60 195 175
RF-20c 7/9/83 Stage 1 9338024 1453 00 1493 25 025 -007
Stage 2 9338025 1493 35 1493 80 045 013
Stage 3 9338026 1484 30 1484 €5 035 003
Back up 9333045 3271 35 3273 20 185 165
RF-20d 7/9/83 Stage 1 9338024 1493 00 1493 25 02s -007
Stage 2 8338025 1493 35 1493 80 045 013
Stage 3 9338026 1484 30 1484 65 035 oc2
Back up 9333045 3271 35 3273 20 185 165
RF 21 7/10/33 Background 9333066 337220 3379 20 7 00 5a5
Blank (8 x 10) 9333067 333325 3334 30 105 -
Blank substrate 9338007 1471 60 1472 00 040 -—
Blank substrate 9338008 1478 95 1479 35 040 —
RF 21a 7/10/93 Stage 1 9338028 1501 70 1503 10 140 100
Sudge 2 $338930 1487 10 1488 25 115 0/5 .
ey ek | 5333044 | | 925870 3260 45 175 “o70
RF 21b 7/10/93 Stage 1 Q338028 1501 70 1503 10 140 100 ' H o
Stage 2 9338030 1487 19 1488 25 115 075
Staae 3 Q338031 1489 70 1490 95 128 085
Back-up Q333044 3258 70 3260 45 175 070
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Attachment

94-RF-02329
) . es . e « Gravimetric Results (continugd) . . Page 46 of 49
N LRy W#&MM&W& - P
Blank
Fiter/ Filter tare Filter final Weight | corrected _ . .
. s Seffs v TesnD Nees PP oo BuosidPe Y auaeys® « 1 sheight ) '] wedniimg) ¥ differenct (mg) 'l \;elghi (mq); . v . '
SR e Tnoss,, |Theges” f. Lsdemae T '1;:3 €5 .| _‘“:195::_ | ‘:A " 185 '.:—,;—;:45":, : .':": , 1 T
CIRPR P ISy eyt % e, fre e 9 LAY R 3 * per - ‘
* * Stage 2 9338033 1499 30 150175 245 205
Stage 3 9338034 1471 95 1473 80 185 145
Back-up 9333043 3260 15 3262 65 250 145
Nt b aop|sRE 219 7/10/03andic €102 ¥ vd ¢ bMIBERwal 8 WG b b O L IR e I '.zj"“- Bt "
Stage 2 9338033 1499 30 150175 245 205
Stage 3 9338034 1471 95 1473 80 185 145
Back up 9333043 3260 15 3262 65 250 145 ‘
RF 22 7110182 Background 233073 a3,. o0 3767 40 14 50 1372 |
Blank (8 x 10) 9333067 333325 3334 30 105 —_
RF-22a 7/10/93 Stage 1 9338077 1478 90 1480 80 190 111
Stage 2 9338083 1504 90 1506 20 130 051
Stage 3 9338070 1488 70 1488 70 000 -079
Back up 8333077 3324 60 332575 1156 038
RF 22b 7/10/93 Stage 1 9338077 1478 90 1480 80 190 LR R
Stage 2 9338083 1504 90 1506 20 130 051
Stage 3 9338070 1488 70 1488 70 000 -07¢9
Back-up 9333077 3324 60 332575 115 038
RF 22¢ 7/10/93 Stage 1 9338088 1477 65 1478 85 120 oM ‘
Stage 2 9338089 1490 80 149275 125 116 ‘
Stage 3 9338090 1494 45 149E 85 140 061
Back up 9333076 3361 85 3363 25 140 063
RF 22d 7/10/93 Stage 1 9338088 1477 65 1478 85 120 041
Stage 2 9338089 1490 8O 1492 75 195 116
Stage 3 9338090 1494 45 1485 85 140 061
Back up €u33076 3361 85 3363 25 140 063 .
‘ ’ s .o, o2 &, Fadt XY
Blank (8 x 10) 9333067 333325 3334 30 105 —
Blank (8 x 10) 9333072 3368 95 3369 45 050 —_
RF 23a 7/10/93 Stage 1 Q338091 1483 ©5 1490 70 675 596
Staqe 2 93380982 149 78 15957 00 15625 14 46
Stace 3 9338093 1478 40 1487 10 870 791
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o Page 47 of 49
Graw:nerrlc Results (continued)
uy gtvu 4 ;'F.a—nn-d-, A PRNET WIS DU AR Y - YN Y e ./ 11 ;!_‘tﬂ‘. Lot 388 g . by 1wt 3 Sn.m TOhegr g% gts bwe ‘l
Blank :
Filter/ Flller tare Filter final Weight corrected .
*  T&sLID No Suelttrate IDNo® welght (mg) % " weight (mg) difterence (mg) weight (mg)
TR e e wn SN S O N e LR SN T b st SRR I
S T L ke o bz | swwis Joasesy. ] ez | onm . o
d - ~ . N . vl . ~ 9 Tt e . T - .
RF23b 771083 ° Staqe 1 93380971 1483 95 149070 675 596
Stage 2 9338092 1491 75 1507 00 1525 14 46
Stage 3 9338093 1478 40 1487 10 . 870 791
D s A AN M ARk 0 e S S s Von S, Gbhatocs St it Mo Tl "\"‘o"j“r’ s
RF 23¢c 7/10/93 Stage 1 9338094 1490 40 1 1507 25 16 85 16 06
Stage 2 9338095 1492 85 1534 60 4175 40 96
Stage 3 9338096 1483 70 1508 40 2470 23 91
Back up 403 3074 3362 25 3398 45 36 20 35 42
RF 23d 7/10/93 Stage 1 9338094 1490 40 1507 25 16 85 16 06 i
Stage 2 9338095 1492 85 1534 60 4175 40 96
|
Stage 3 9338096 1483 70 1508 40 2470 2391 ‘
Back-up 9333074 3362 25 3398 45 36 20 35 42
* 4x5 9338068 1494 95 1493 45 150 -_—
¢ 4x5 9338069 1495 15 1493 85 130 -
¢ 4x5 9338071 1494 40 1493 80 060 -—
* 4x5 9338072 1493 50 1492 85 065 —_—
* 4 x5 9338073 1488 75 1488 40 035 —_
* 4 x5 Q338097 1470 00 1469 10 0 Q0 - t

¢ "Cyclone’ rsf~rs to the 8 x 10 backup filler beneatn the cyclone *slage x" refers to the 4 x 5 substrate for impactor stage x

® 1 the ID No begins with 9333 1t refers 1o an 8 » 10 filler if it begins with 9338 1t refers 10 a 4 > 5 substrate

* A geometnc mean of these substrate blanh weights was used to blank corroct the substrate weight gains from the testing
on 7/10/33 at Site T3
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Attachment
94-RF-02329
Page 48 of 49

3o slp i LSRN R TS i o RS i - -
1. Pagticulate Weight®, J ¢
foem o°e ¢ ‘gmmsl ;-r'__g

‘~ .‘n' As

ca 070465

-
.‘.' wpt 3 e ‘s

Sm g0 vy LT oL ZIY
.

- L)
e ® o

oﬁw'“k' e yo e M#W-paﬁm R~y & hinERs . opn_‘a ‘éggzi vy ' :n“ ae S Owed W-isigeds® rpas

| AR R

Vel S oy e 2 Lo e

MR peRAIe TE

RF-2 6 7802
RF-3 .0 0586
RF-5 184 3490
RF-6a 7 1899
RF-6b 15252
RF-6c 25 9389
RF-6d 27 8369
RF-7 0 0124
RF-8 00313
RF-9 00012
RF-10 0 3372
RF-11 0 0037
RF-12 02734
RF-13a 0 0408
RF-13b 0 0061
RF-13c 00322
RF-13d 00218
RF-14 0 0541
RF-15 02148

ay

i et oitet o Ur g
RF-17 0 8653
RF-18a 00100
RF-18b 00078
RF-18c 00177
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. Attachment
. " 94-RF-02329

T oo e .. .- Paged90fdd . |
YT I E AL P ML Pk : g . SR rew
LT : Particulate Weight® |
w02 A et v pamr Bl . RUNBID: | gese o o) n [OMABER.  codlie @ hinon. b oo smdeiutli |
B e eer o RPABES 4 e 0?2.':07.:‘.,.-, l,,:., ..,'.s . .,.n... . os

R ISy ) PR N o Lot et e e

RF-19b 0 1103
| NP L q.u;’:;::a;sgw'ﬁ‘wm“‘:qgc Aabilh DS . 2”""#."'"‘"‘*?'11 stvats | bt {:t PIEOLY DR Sl T

R RF-19d 02099

RF-20a 00317

’ RF-20b 0 0073

RF-20¢ 0 0454

RF-20d 00196

RF-21a 0 1493

RF-21b 0 0291
RF-21c 11495 |

RF-21d 0 1836

RF-22a 00113

RF-22b 0 0054

RF-22¢ 0 0495

RF-22d 00386 5.

RF-23a 0 4257

RF-23b 0 1305

RF-23¢ 11462

RF-23d 0] 2277

AR A TS gyclone CW 5 &fe"e%x %2”‘3:94 e & B A (e o

-
eI L we s W R oo v -v'gdal =5 g bk DL VEL T X At g s A,
- process
t
f
-
'a
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