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In summary, two series of extractions were conducted according to the protocols described in
Amonette et al. (1994) to test the leachability of uranium from the ash under different chemical
conditions. In the first test a sequence of four batch extractions with acetic acid (pH 2.9) was
used to extract the readily available uranium and a high pH (8.3) oxidizing sodium bicarbonate
solution was then used to extract the slowly available uranium (SAU). The low fraction of
readily available uranium (i.e., 3%) was in agreement with the results from the previous RAU
test (ESSAP, 1996). The results of the SAU test indicated that a limited fraction of the uranium
(i.e., 21%) would be expected to become environmentally available over an extended period of
time. The second series of tests used a synthetic infiltrate (deionized water pre-equilibrated for
18 hours with a low activity ash sample) as the extractant for a sequence of four extractions and
used the alkaline SAU extractant on the solid sample left after the water extraction. The results
of the water leach test indicated that under expected conditions at the site, the uranium in the
ash is expected to be relatively unavailable to environmental transport.

The extractions conducted at pH 8.3 were conducted with an extractant containing 0.1 M sodium
bicarbonate which is exipected to lower the calculated distribution coefficient significantly as
compared to distribution coefficients calculated from the results of extractions performed
without added carbonate species.

2 Dose Assessment
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Figure 2: Relationship between leachability-based distribution coefficient and pH for KVWPCA
ash (calculated using the final ratio method from results in ESSAP, 2004).

In order to capture an adequate range of future scenarios, dose assessments were performed
for both an onsite no action scenario and an ash removal scenario. The onsite scenario was
based on an unrestricted release (i.e., no credit was taken for institutional measures such as
land use restrictions or groundwater monitoring). No remedial action (e.g., capping, partial
removal of ash to an off-site location) is presumed to be performed in the onsite scenario. The
onsite scenario includes a recreational use case, in which the property is converted into a
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The distribution coefficient of uranium in the unsaturated layer was represented with a triangular
distribution. The minimum value was chosen to represent uranium mobility in a clay layer with a
relatively high fraction of sand, but without an interconnected high conductivity pathway through
the unsaturated zone. Three Kd values for "clayey sand" (i.e., 58 to 78% sand, 6 to 8% silt, and
19 to 36% clay) from the data compilation of Thibault et al. (1990) were averaged to yield a Kd
of 680 mLUg (data originally from Neiheisel, 1983). This value is believed to be a conservative
lower bound because the unsaturated layer at the KVWPCA is primarily clay whereas the
samples of "clayey sand" for which the Kd values were measured were primarily sand. A
distribution coefficient of 1600 mUg was used as the upper end of the distribution to represent
uranium adsorption in clay (Sheppard and Thibault, 1990). No independent information was
available to develop a central tendency of the distribution, which was estimated as the mean of
the upper and lower bounds (i.e., 1140 mUg).

2.1.4 Selection of Input Parameters
The sensitivity of the predicted dose to the input parameters was tested using the probabilistic
features of RESRAD 6.2 with the RESRAD default parameter distributions. Initial sensitivity
analyses indicated that the dose was sensitive to the distribution coefficient of uranium isotopes
in the contaminated zone. To reduce the uncertainty in this parameter, leaching tests were
used to determine the partitioning of uranium in the ash (Section X.1.3). A range of distribution
coefficients for uranium in the unsaturated zone was determined from literature values based
on site-specific soil type information.

After ranges were determined for the distribution coefficient of uranium in the contaminated and
unsaturated zones, an additional sensitivity analysis was conducted with the new parameter
distributions for the uranium distribution coefficients and with default RESRAD distributions for
the remaining parameters. The results of the second sensitivity analysis indicated that the dose
was most sensitive to the erosion rate of the cover layer, the erosion rate of the contaminated
zone, and the thickness of the unsaturated zone. Because no site-specific information was
available for the erosion rate of the cover layer or the contaminated zone, the recommended
RESRAD probabilistic distributions were used to represent these parameters (Yu et a!, 1993).
The thickness of the unsaturated zone was conservatively chosen at the lower end of the range
of unsaturated zone thicknesses recorded in well boring logs from the site (IT Corp., 2002).
Because of the importance of the plant and milk ingestion pathways to the predicted dose and
the lack of site-specific information about plant and milk transfer factors, distributions were used
to represent the plant and milk transfer factors (Yu et al., 1993).

Because the dose was relatively insensitive to other parameters, the recommended values in
NUREG/CR-5512 Volume 3 (Beyeler et al., 1999) or the mean values of distributions
recommended in NUREG/CR-5512 Volume 3 were used. In cases in which no parameter
recommendation was available in NUREG/CR-5512 Volume 3, the mean of the RESRAD
probabilistic distribution (Yu et a!, 1993) was used. In the few cases in which recommended
values were not available in either of these sources, the RESRAD default values were used.
The input parameter values and the bases for parameter selection are summarized in the
Appendix.

2.1.5 Model Results
The assumption of a recreational exposure scenario results in an peak mean annual total
effective dose equivalent of approximately 0.011 mSv (1.1 mrem) over the next few centuries,
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5 Appendix: Input Parameters

The selection of input parameters is discussed in Section V,'. /
Onsite Scenario Cases

Agricultural case Intrusion case Intrusion into

Recreational cased Hotspot

Surface Buried Surface Buried Surface Buried

Total U (pCig) 25 Distributi Distributi 92.9 275 92.9
on ( on (i)

Co-60 Vii 0.129 Distributi Distributi 0.478 1.42 0.478
9~) on on (a)

Area (m2) 4000 4000 700 4000 700 4000

Thickness of 1 2 0.9 2 0.9 2
Contaminated
layer (m)

Cover layer 0 1 0 1 0 1
Am)

Mass loading 0.0001 0.0001 0.0001 0.0 0.0001 0.0
for foliar
deposition
(g/M3)

Pathways

External On On On Off On Off
gamma I I I I I
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Inhalation On On On Off On Off

Plant ingestion On (Off) On (Off) On On On On

Meat ingestion On (Off) On (Off) Off On Off On

Milk ingestion On (Off) On (Off) Off On Off On

Aquatic foods Off Off Off Off Off Off

Drinking water On (Off) On (Off) Off On Off On

Soil ingestion On On Off On Off On

Radon Off Off Off Off Off Off

(i) Values for the recreational scenario, where different, are given in parentheses

(ii) See Section 3A-, ./, 22

(iii) Co-60 concentrations are set as a function of Total U. See Section P.1.2
zz-

Subsurface Parameters
Zone Thickne Bulk Total Effectiv Field Hydraulic B

ss (m) Densit porosit e capacit conductivi paramet
y y porosit X( tymr
(glcm 3  X ( myr)

Cover 1(a) 1.48c) 0.44(e) 0.20 0.24 65 (silt) 3.8 (silt)
(silt)

Contaminat 2 (a)
ed

Unsaturated 3.5 (b) 1.6 4 (d) 0.38(4 0.06 0.32 47 6.09
(sandy (clay) (sandy (sandy
clay) . clay) clay)

Saturated not used 1.5 (d) 0.434 0.32 0.11 10,850 not used
. __ . _.__._. _ . (sand) (sand) (sand)
See sectionn; ./.2

° Groundwatefinvestigation (Chester, 1992)
(c) Upper end of range of densities for sewage sludge ash (REA, 1980)
(d) Calculated from total porosity based on assumed particle density of 2.65 g/cm3

(e) Calculated from bulk density based on assumed particle density of 2.65 g/cm3

(n Recommended value or mean of the recommended distribution (NUREG/CR - 5512 Volume
3) for the soil type (IT Corp., 2002)
(9) Mean of recommended distribution (Yu et al., 1993) for the soil type (IT Corp., 2002)
(h) Calculated from the effective porosity as demonstrated in Yu et a!., 1993
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Distribution Coefficients

Correlation coefficients of 0.99 were used to correlate distribution coefficients for uranium
isotopes in the same laver

Ash Unsaturated Saturatedt')

U (cm 3/g) Triangular Triangular 35
distributionni distributionsi

Ac-227 (cm3/g) 1 740ii) 240 0 (') 450

Co-60 (cm3/g) 1 0000) 55d-!; 60

Pa-231 (cm3/g) 2040(") 2700q 550

Pb-21 0 (cm3/g) 24000) 550f nu270

Ra-226 (cm3/g) 3550(ii) 91 00 0i) 500

Th-230 (cm3/9) 5890° 5800(15) 3200
0 1(41? (i) See sectionoA-a- D. 1,3

(ii) Mean of distribution recommended in NUREG/CR-5512 Volume 3
(iii) Recommended value for clay (Sheppard and Thibault, 1990)
(iv) Recommended value for sand (Sheppard and Thibault, 1990)
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Onsite Scenario
Parameter Input Reference
Contaminated zone area (M2) 4000 IT Corp., 2002

Length parallel to aquifer flow (m) 100 IT Corp., 2002

Cover depth erosion rate (m/yr) distribution Yu et al., 1993

Contaminated zone distribution Yu et al., 1993
erosion rate (m/yr)

Average annual wind speed (m/s) 1.45 Mean of distribution (Yu et al.,
1993)

Evapotranspiration coefficient 0.625 Mean of distribution (Yu et al.,
1993)

Precipitation (m/yr) 0.96 30 year average for Pittsburgh
.(National Climatic Data Center)

Irrigation (mlyr) 0.5 Mean of irrigation rates for humid
states (NUREG/CR-5512 V. 3)

Irrigation mode overhead Default

Runoff coefficient 0.45 Mean of distribution
(Yu etal., 1993)

Watershed area for nearby stream 74,320 IT Corp., 2002
or pond ((m2)

Inhalation rate (m3/yr) 12,260 Median of distribution
(NUREG/CR 5512 v.3)

Mass loading for inhalation (g/m 3) 1.45E-5 NUREG/CR 5512 v. 3
Exposure duration (y) 30 Default

Shielding factor, inhalation 0.4 Default

Shielding factor, 0.27 Weighted average of indoor and
external gamma outdoor shielding factors

(NUREG/CR 5512 v.3) based on
mean indoor and outdoor
exposure times (NUREG/CR
5512 v.3)

Fraction of time spent indoors 0.66 Mean of distribution
(NUREG/CR 5512 v.3)

Fraction of time spent outdoors 0.11 Mean of distribution
(on site) (NUREG/CR 5512 v.3)
Hydraulic gradient 0.01 IT Corp., 2002
Water table drop rate (rnyr) 0.0 Aquifer in communicatipp with

the river (see Section) /,:

Well pump intake depth not used Not used in mass balance model
(m below water table)
Model: Nondispersion (ND) or MB More conservative than ND
Mass-Balance (MB)
Well pumping rate (m3lyr) 214 Three times the mean annual per

capita water consumption rate
for PA (NUREG/CR 5512 v.3)
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