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Introduction

The amended field sampling plan, Technical Memorandum No. 15 (TM15), for the Woman Creek
Priority Drainage, Operable Unit No. 5 (OU5) RCRA Facility Investigation/Remedial
Investigation (RFI/RI) Work Plan (DOE 1994) described four air quality investigations: the
Radioactive Ambient Air Monitoring Program (RAAMP), special OUS ambient air samplers, a
wind resuspension potential study, and an examination of the volatilization of soil gases. The
RAAMP and OUS samplers have continued operation as part of the routine air quality monitoring
programs at the Rocky Flats Environmental Technology Site (RFETS). The amended RFI/RI
Work Plan recommended the investigation into the volatilization of gases from OUS5 only if
inhalation of volatile chemical species was decided to be an exposure pathway of concern. At
this writing, the inhalation of volatile organic compounds by workers or future residents outdoors
has not been designated a complete exposure pathway.

This report discusses the supplemental field investigation into the wind resuspension potentials
of the soils in OUS5 that was conducted as part of the Addendum to Final Phase I RFI/RI Work
Plan. It presents the objectives, methods, and results of the study.

Wind Resuspension Potential Study Objectives

Air dispersion modeling provides the primary basis for assessing the inhalation risks posed by
windblown contaminated dust to current and future residents and future outdoor workers.
Perhaps the most critical input parameters to air dispersion models are those associated with the
source terms. In the situation of QUS, the important source input factors are the contaminant
levels in the surface soils and the wind resuspension potentials of those soils. The original
investigations of the OUS RFI/RI Work Plan focused on the contaminant levels in the surface
soils and those findings are discussed extensively in TM15. The objective of the additional air
quality study was to assess the wind resuspension potential of the Individual Hazardous
Substance Sites (IHSSs) in OUS.

In 1993, EG&G conducted a field investigation throughout Operable Unit No. 3 (OU3) to
determine the wind resuspension potentials of the soils in the areas east of Indiana Street (EG&G
1994). The OU3 study utilized a portable wind tunnel. That study yielded important information
about the wind erosion potential of the QU3 areas, possibly the most valuable of which was the
calculation of specific threshold friction velocities and threshold wind speeds of the sites that
were examined. Friction velocity, which is a measure of the wind shear at the erodible surface,
characterizes the capacity of the wind to cause surface particle movement. Threshold friction
velocity is the minimum velocity that results in particle movement. Threshold wind speed is
equivalent wind speed at an elevation above the ground surface, for example, 10 meters which
is the standard height of a reference anemometer. The purpose of this wind resuspension
potential study in the Woman Creek Drainage was to estimate the threshold friction velocities
of the OUS sites and compare these to the OU3 wind tunnel study results. If the OUS
investigation results compare favorably with the threshold friction velocity values determined in
the OU3 wind tunnel study, then the QU3 data can be utilized reliably for the OUS RFI/RI air
dispersion modeling and, henceforth, the Human Health Risk Assessment (HHRA).
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Wind Resuspension Potential Study Methodology

The investigation of the wind erosign potential of contaminated soils in areas of interest in OUS,
including THSS 115, IHSS 133, the Surface Disturbance South of THSS 133, IHSS 209, and the
Surface Disturbance West of IHSS 209, was proposed as a phased approach. The first phase
involved a limited field investigation of the site and comparisons of these results with those of
the more intensive wind tunnel study that was performed at QU3. If the first phase results were
inconclusive, then a second phase was recommended. The second phase would be the replication
at OUS of the intensive field studies that were conducted in 1993 at OU3.

The wind resuspension potential study relied on the rapid assessment methodology described by
Cowherd et al. (1985). The field examinations consisted of observations about sites selected as
representative of the areas of interest. The soil type was characterized along with the soil
moisture and presence or absence of soil crusting. The extents of bare soil, vegetative cover, and
other nonerodible elements (gravels and cobbles larger than 1 c¢m diameter) were estimated.
Finally, a soil sieving procedure was conducted with 4 mm, 2 mm, 1 mm, 0.5 mm, and 0.25 mm
sieves to estimate the aggregate size mode of the surface soil. From the estimate of the
aggregate size mode, the threshold friction velocity of the soil was determined from a figure in
the reference document. A correction factor was calculated to account for the increase in
threshold friction velocity due to the nonerodible elements.
N

In working with the rapid assessment method, several limitations and difficulties with\the
procedures and calculations were encountered. The reference document (Cowherd et al. 1985)
cautions that the procedures provide only a "first-cut, order-of-magnitude” estimate of exposure
in limited applications. Nevertheless, the Cowherd method is endorsed as affording a degree of
accuracy consistent with simplified quantitative estimation procedures (EPA 1988). Approaches
such as the Soil Conservation Service method (Woodruff and Siddoway 1965) to estimate wind
erosion apply to annual losses from crop land and cannot be applied to generate short-term
estimates. The Cowherd method was selected because of the current land use of RFETS, the
nature of the soils and vegetative cover in OUS, and the episodic high-wind events characteristic
of the region.

Certain assumptions incorporated into the rapid assessment method somewhat limited the
interpretations of the OUS5 study. Most apparent was the utilization of only a few sieve sizes to
estimate the mode of the aggregate size. Soil elements larger than 1 cm and smaller than 0.25
mm were not included in the sieve analysis. At some locations, these fractions, more frequently
the larger end of the scale, composed the most volummetric fraction. Standard soil sieving
techniques quantify the fractions by weighings. The Cowherd rapid assessment method calls for
visual estimates of the relative sizes of the catches. Investigators for this study improved the
technique by volummetrically measuring the individual fractions to estimate the mode. In
addition, it was difficult to estimate how much of the nonerodible elements were embedded in
the ground surface. When in doubt, 50 percent seemed like a reasonable estimate. A serious
limitation in the view of the investigators was the poor quantitative accounting for the mitigating
effects of partial vegetative cover. Correction factors for nonerodible elements could not be
assigned values above 10 due to limitations in the graph accompanying the reference document.



Wind Resuspension Potential Study Results and Discussion

Field work was performed from January 20 to January 27, 1995. Weather conditions during the
month prior to the field study were unusually dry. All soils were dry during the study period.
Ambient temperatures were unseasonably warm, in the 40 °F and 50 °F ranges. Daytime winds
during the study period were light from the southeast and east.

The 1993 OU3 wind tunnel study examined four terrestrial sites. These same four terrestrial sites
were investigated as part of this wind resuspension potential study (Figure 1). Sites T-1, T-2,
and T-3 of the OU3 wind tunnel study were chosen for that study as representative of the soil
and vegetation conditions on areas directly east of the Rocky Flats Plant. Conditions were
somewhat different at each site. At T-1, the soil was a clayey silt with some fine gravels, and
vegetative cover was fair to good. Location T-3 was three-fourths of a mile or more east of T-1.
Here the soil was a silty, sandy gravel. Although the vegetative cover was far less than at T-1,
the other nonerodible elements provided a comparable overall coverage. Location T-2 displayed
a silty sand with fair vegetative cover. The fourth terrestrial location, T-4, was about two miles
southeast of the other three OU3 wind tunnel study sites. It had been selected because it was
characteristically different from the other three sites. The soil was a silty sand, and although the
aggregate size mode was comparable to two of the other QU3 sites, the vegetative and other
nonerodible cover at this fourth location was minimal.

Ten locations, in two groups of five each, were chosen as representative of soil and vegetation
conditions within IHSS 115 (Figure 2). Surface slopes throughout the landfill are fairly steep,
15 percent to 40 percent and facing south. Locations 115AQ1 through 115AQ5 were situated
west to east along the top of the landfill slope. Soils were gravelly sands with larger aggregate
size modes and noticeable bare soil. The extent of nonerodible elements, both gravels-cobbles
and vegetation, was variable. Location 115AQ5 was somewhat down the slope and displayed
a smaller aggregate size mode and more vegetative cover. The remaining locations in IHSS 115,
115AQ6 through 115AQ10, were situated east to west along the lower elevations of the landfill.
They were characterized generally by smaller aggregate size modes and very good vegetative
cover.

Within IHSS 133, five locations were examined as representative of conditions in that area of
interest (Figure 3). Area slopes were gentle, approximately five percent with a south orientation.
Soils were gravelly sands and sandy silts with smaller aggregate size modes. Vegetative cover
was excellent, usually complete.

At this writing, the three surface disturbance areas on the south side of Woman Creek are not
considered areas of contaminant concern and have not been included as radiological sources in
the air dispersion modeling for the OUS RFI/RI. Fewer locations within these three areas were
examined in this wind resuspension potential study.

The Surface Disturbance South of IHSS 133 is located on a flat hilltop on the south side of
Woman Creek. Within this area, two locations, identified as SASH-AQ16 and SASH-AQ17,
were investigated (Figure 4). Soils were gravelly sands indicative of a hilltop situation. "IThe
aggregate size modes were smaller. Vegetative cover was very good. ‘



THSS 209 is a large, basically level, surface disturbance area on another hilltop on the south side
of Woman Creek. Three locations, identified as 209AQ18 through 209AQ20, within THSS 209
were examined (Figure 5). The soils on this hilltop were generally sandy gravels exhibiting
larger aggregate modes. Vegetative cover was only fair, but other nonerodible elements added
conspicuous protection from wind erosion.

The Surface Disturbance West of IHSS 209 is a moderately sloping hillside, north-facing, on the
south side of Woman Creek. Two locations, W209AQ21 and W209AQ22, were examined in this
homogeneous area (Figure 5). Gravelly and clayey sands characterized the slope. Aggregate size
modes were smaller. Vegetative cover was uniformly very good.

The results of the OUS wind resuspension potential study are summarized in Table 1. The rapid
assessment method produced values for threshold friction velocities at the four OU3 wind tunnel
study sites that were within the same order of magnitude, but higher by several factors, as the
results of the OU3 wind tunnel study (Table 2). The results of the rapid assessment method were
more conservative (higher) than those of the wind tunnel study. Field observations of the
vegetative and soil conditions at both the OU3 wind tunnel study sites and throughout OU5 found
that the two areas generally were comparable. Soil particle aggregate size modes were typically
larger throughout OU5. The vegetative cover was generally more extensive in OUJ than in OU3,
excepting the top of the landfill slope and THSS 209.

The threshold friction velocities calculated for the OUS locations were consistently higher, -
sometimes by an order of magnitude, than the values reported in the OU3 wind tunnel study.
Consequently, the threshold wind speed values from the OU3 study can be applied to the air
dispersion modeling for the OU5 RFI/RI and HHRA with the confidence that conservative,

health-protecting assumptions are being exercised. -

The rapid assessment method yielded values that are conservative estimates of the threshold
friction velocities and threshold wind speeds around OU5. With the availability of the results
of the wind tunnel study at OQU3, where field conditions are generally comparable to OU5, more
accurate values are not required at this time for air dispersion modeling purposes.



STIX'AIISTNOS

LZL
0ze
8l
Skl

vl
411

2184
8Ly
giy

Svi
Lz

apuyu

spuyu
92

apuyu
yoe

Lz
€LT
3134
sri
8l

€T
:134
134
vt
:134

(§) bupw)
peeds puim
w-0} JueteAainby

0se
088
00§
(el 4

felv)4
005

0GLL
0GLy
0GLtL

oov
086

ayuyul
Uyl
069
N
0001

08S
062
oGt
90y
00§

062
oSt
oSt
0004
oSt

[(oneu) 3,n))
(spud) pejrensos
10 'Kyoojes
uoyouy ploysesy)

¢ 23uq

‘aptm-Ay

B) to G'| 8q 0} pawnsse S| '0z Wby ssauybnos ayy aseum

{027z u){p0°0/.N) = (2)n ‘vonnquisip ajyoid pum owyeBo} au) Buisn ANSOBA UOILY PIYS3IY) AU} WO PAJRINIJed SI Paads puim w-gL uaeanby (g)

L 'D< $8NjeA 077 |{e J0) Pash $I 4aiym ‘gL St G-¢ 1nBi4 woyy pajejodesixa oljes Uoia1oo wnwIxe (i)

‘SjusWa|a ajqIPoIBUOU B30 pue uoleiaban Jo dejiano 01 anp (jios areg- 1) uew alow aq Aew abBrIaA0d SlUBWAS BIqIPOIBUOU Jaylo snid abeianod uonejebaa jo wnsg (g)
'SUOHROO| Pajaalas 1k punaif Jo Z,W | Jo suoljeuluEXa U Paseq ale sajewnsy (7)
‘G861 (B 12 pIBUMOD WOy 3je $aousiapes ainbiq4 (1)

ot
ol
0l

ot
oL

ayuyy

sy
0L

ayuyu
oL

ol
oL
oL

L
ol

(¥'1) (5¢°B14)
olel
uo30e110)

£l
el
80

06
80

I/NIQ#
I0/AI0#
0
10/A104
el

[1os eseq jo eary
jeerejuoly byl
”

S00 S0 Lo

SE0 S0 L0

Lo 0 GL0

G800 G20 G600

gzLoo S0 G200

G600 S0 SL0

€L0 80 G990

SZo g0 G0

0 S0 ro

SL0 S0 €0

SLo S0 €0

900 80 €0

GED S0 L0

soo S0 Lo

G200 S0 SO0

62900 GL0 GC0

SL00 S0 €00

GS/00 S0 SL0

6Ze0 S0 G990

GL00 S0 GLo

GZ00 G.0 L0

scLa S0 GZ0

¥ o S0 80

GZLo S0 sz'o

SZLo S0 S0

Szero Se0 G990

[(-oesyquie-|),6besen0s] peppeqwe  (g'Z) (z,Ww) ebeseaco

(zow) 10 °p o noaes} e1q1p: leyi0
©8J% |eluol) juejeAainby [LRTIVTYY

80
S00
SEQ
SL0
GEQ

(£'z) {zyw) ebrionos
uonejebep

SHsAY Apmg fenuog uoisuadsnsay puip SNO I 9%

S8'0
S00
SE0
SZ0
L0
L0
(]
Z0
S0

S00
SO0

SS 0
]

(2} (Zvw) pros
sieg

0§
88
0S
ov

86
0s

Gii
Skl
Sii

oy
8s

86
SLL
S8
73
001

8s
S.
Sii
8G
0s

27
Gt
gLt
003
St

(1} {v-¢ Bry)

(spud) peyoessodun
-1 ‘Ayoojea
voHdLY ploysely |

S0

Z
S0
€0

S.0
S0

<

€0
S0

GLO

0
M- -

6.0

TOT T -

{unys) oyewinise
epow ezis ejebesbby

'S3JON

9ZOVP-LENO
TOVE-LENO
SZDVZ-LENO
€20V L-1€N0

CIOVBOTM
LZOVE0CM

0zove0nT
610V60C
gLOV60C

LIDV-HSVYS
9LDV-HSVYS

SLoveel
PLOVEEL
£Loveet
cLoveet
LLDVEEL

0LOVGLL
BOVGLL
goVELL
LOVSELL
gOVSGiL

SOVGLLE
pOVSLL
cOVSLL
[doi-)°131
LOVGLY

uonesoT



Table 2. Comparison of Results of 1993 Wind Tunnel Study and
1995 Rapid Assessment Method

OU3 location

1993 Wind tunnel study (1)

Threshold friction velocity (cm/s)

1995 Rapid assessment method

T-1
T-2
T-3
T-4

>280
>170
>180
>160

400
500
880
350

Note: (1) EG&G 1994.
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