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each of the plots is the time of the peak and the inventory for each of the like source terms in the
row. The tank row containing the largest inventory is shown even though the peak concentration
falls below the effective zero.

4.7.4 Discussion of Results and Conclusions for Waste Management Area C

Estimated long-term groundwater impacts from three contaminant source components

(i.e., past releases inventory, tank residuals inventory, and ancillary equipment residuals
inventory) in WMA C were modeled. Except for nitrate and uranium, results indicate that
contamination at depth from the past releases in tank row C-102 is the dominant contributor to
fenceline concentration for all indicator contaminants in the early part of the simulation period.
Past releases from tank row C-101 provide the peak fenceline concentration for nitrate, while
uranium is not projected to have a concentration above effective zero during the 10,000-year
simulation. Past releases are by far the greatest contributor to projected fenceline contaminant
concentrations, typically two to th  orders of magnitude greater than residual waste
contributions.

Retrieval of tanks to the HFFACO prescribed volume and inventories estimated by

Kirkbride et al. (2005) results in an impact from tank residuals that is two to three orders of
magnitude below those of past releases. Note at, for the tank residuals and for all indicator
contaminants, only the tank row with the maximum impact is shown; the other 100-Series tank
rows are usually within a factor of 3 or lower of the row with peak concentration, with tank rows
C-201 and CR vault typically being an order of magnitude lower (Tables 4-20 and 4-21).

The notable exception is hexavalent chromium, for which tank row C-201 contributes the highest
fenceline concentration from tank residuals.

Due to existing vadose zone contamination and the maximum operational recharge occurring
during that period, contaminants with high mobility (K4 less than 0.2 mL/g) exhibit
concentration peaks that occur early in the simulation and prior to emplacement of the Modified
RCRA Subtitle C Barrier. Contaminants with lower mobility (K4 = 0.2 mL/g or greater) exhibit
increasing concentrations toward the end of the simulation period, dominated by the
contamination at depth source component. Contaminants with low mobility (Kgq = 0.6 mL/g)
are not projected to have fenceline concentrations above effective zero during the 10,000-year
simulation.
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Recharge rates during the design life of the barrier have little to no impact on contaminant
concentrations resulting frc  past releases in WMA S-SX (Table 4-34, rows 4-5, 17-18, 30-31).
However, for the parameter ranges investigated in this SST PA, the time of barrier placement
(Table 4-34, rows 8,10), the operational recharge rate (Table 4-34, rows 2-3), and what happens
after the design life of the barrier of 500 years do affect the resulting maximum concentrations
(Table 4-34, rows 19-20, 24-26). The technetium-99, 1odine-129, and uranium groundwater
concentrations resulting from past releases are unaffected by recharge rates during the design life
of the barrier (Table 4-34, rows 4-5, 17-18, 30-31). Placing an interim barrier in year 2010 over
past contaminant releases (Table 4-34, row 10), or a final barrier over the entire farm in

year 2020 (Table 4-34, row 8) reduces the peak technetium-99 concentration by a factor of
about one-half from the reference case results (Table 4-34, row 1), but has no real impact on the
maximum iodine-129 or uranium concentrations (Table 4-34, rows 21, 23, and rows 34, 36,
respectively). The maximum uranium concentration fails to exceed effective zero regardless of
w! 1 the barrier is emplaced. M placu + ™ 1l barrier over the entire farm until year 2050
results in a slightly higher maximum technettum-99 concentration (Table 4-34, row 9), but has
no effect on the iodine-129 maximum concentration (Table 4-34, row 22). The maximum
technetium-99 concentration is similarly sensitive to the operational recharge rate, being about
1.5 times higher than if the operational recharge rate equals 140 mm/yr, (Table 4-34, row 3) and
about a factor of 0.1 lower if the operational recharge rate equals 40 mm/yr (Table 4-34, row 2).
The maximum iodine-129 concentration is not as sensitive to changes in the operational recharge
rate (Table 4-34, row 16). It remains unchanged from the reference case result (Table 4-34,
row 14) if the operational recharge rate equals 140 mm/yr (Table 4-34, row 16), although the
maximum concentration arrives at the fenceline about 900 years earlier. Decreasing the
operational recharge rate to 40 mm/yr only reduces the maximum concentration by a factor of
about 0.8 (Table 4-34, row 15). The maximum uranium concentration fails to exceed effective
zero regardless of the recharge rate during tank farm operations.

Maximum technetium-99 concentrations remain unchanged and uranium concentrations fail to
exceed effective zero regardless of the assumptions regarding performance after the design life
of the barrier (Table 4-34, rows 6-7, and 32-33, respectively). However, if farming occurs
(Table 4-34, row 24), then the maximum uranium concentration exceeds effective zero at the
fenceline. The ratio of the maximum iodine-129 concentrations scales almost linearly with the
recharge rate after closure, including the recharge rate associated with the farming (Table 4-34,
rows 19-20, 24 26). Virtually no difference in maximum concentrations occurs if the barrier
failed after 300 years (Table 4-34, row 26) rather than after 500 years (Table 4-34, row 25),
although the peak iodine-129 concentration arrives at the fenceline about 180 years sooner.
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Hydrologic parameter sensitivity and “what if” analyses examine the effects of variation in
hydrologic parameters on contaminant concentrations at the fenceline. The parameter changes
used include:

Changing contaminant distribution coefficient (K4) for tank waste residuals and past
releases (sensitivity case):

— Reference case contaminant Ky of technetium-99 is 0 mL/g

— High case contaminant K4 of technetium-99 is 0.1 mlL/g (feature/process P12
maximum in Table 3-14)

— Reference case contaminant Ky of iodine-129 is 0.2 mL/g

— Higt 1se contaminant Ky of 1odine-129 is 2 ml./g (feature/process P11 maximum
in Table 3-14)

— Low case contaminant K4 of iodine-129 is 0.1 mL/g (feature/process P11 minimum
in Table 3-14)

— Reference case contaminant Ky of uranium is 0.6 mL/g

— High case contaminant Ky of uranium is 4 mL/g (feature/process P10 maximum
in Table 3-14)

— Low case contaminant K4 of uranium is 0.2 mL/g (feature/process P10 minimum
in Table 3-14)

Varying the depth of past release plumes (sensitivity case):
— Reference case past release contaminant plume located 150 ft bgs at WMA C
in 200 East Area

— High case past release contaminant plume located 130 ft bgs at WMA C
in 200 East Area (feature/process P6 minimum in Table 3-14)

— Low case past release contaminant plume located 170 ft bgs at WMA C
in 200 East Area (feature/process P6 maximum in Table 3-14; also alternative A17
in Table 3-15)

— Reference case past release contaminant plume located 130 ft bgs at WMA S-SX
in 200 West Area

— High case past release contaminant plume located 110 ft bgs at WMA S-SX
in 200 West Area (feature/process P7 minimum in Table 3-14)

— Low case past release contaminant plume located 150 ft bgs at WMA S-SX
in 200 West Area (feature/process P7 maximum in Table 3-14; also alternative A17
in Table 3-15)
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rate. Consequently, increased mass flux into the aquifer and reduced mixing because of shorter
travel times resulted in higher peaks (see the top set of parameters in Tables 4-43 and 4-44).

All increases from these effects were less than a factor of 2. The ranking by ratio was slightly
different in WMA C versus WMA S-SX due to differences in vadose zone properties and
assumed depths of the contaminants for each WMA. Peak value increases because of inventory
and aquifer hydraulic conductivity changes were comparable.

Because the technetium-99 center of mass was driven to groundwater by operational recharge,
subsequent changes in barrier recharge induced by barrier performance or even elevated recharge
from post-closure irrigated farming (the second group of parameters in Tables 4-43 and 4-44)
had no impact on technetium-99 contamination of groundwater. The recharge and vadose zone
factors that reduced technetium-99 peak values were those that extended the travel time or
increased mixing in the vadose zone during the operational recharge phase. These included

lucing operational recharge rate, placing the barrier on earlier, increasii  t/  depth between
waste and the water table, or lowering the hydraulic properties of vadose zone soils (the bottom
group of parameters in Tables 4-43 and 4-44). Peak value decreases because of inventory and
aquifer hydraulic conductivity changes were comparable.

4.11.4.2 Todine-129 Migration from Past Releases

For iodine-129 in past releases at WMA C (Table 4-45), the times at which the center of mass
reached the WMA fenceline in the collection of sensitivity and “what if” cases spanned most of
the simulation time frame. Peak times fell into four categories in Table 4-45, with the earliest
peak times most darkly shaded. The different peak time categories and associated parameter
changes that caused the changes in peak values indicated which of the different recharge rates
were controlling contaminant migration when the center of mass entered the aquifer.

Of the parameter changes examined by the sensitivity and “what if” cases, maximum peak value
increases by factors of 1.65 to 45.31 (in the top group of parameters in Table 4-45) were
associated with those parameters that minimized travel time through the vadose zone as indicated
by the corresponding earliest peak times. The largest peak altering parameter changes were
enhanced post-closure (500 years) recharge rates due to irrigated farming and the reduction of
10dine-129 sorption. Decreased travel times and associated larger peaks occurred in two ways:

e First, factors that improved the effectiveness of operational recharge rates caused the
center of mass to reach the aquifer under the influence of the maximum recharge rate.
These included reducing the degree of sorption, increasing the operational recharge rate,

icreasing the vadose zone thickness, or removing the anisotropic aspect of flow in the
vadose zone. The very early peak times (<year 2200) show that the center of mass
reached the aquifer under the influence of the operational recharge rate, thereby
increasing the peak value relative to the reference case by virtue of greater recharge and
associated mass flux relative to the reference case.

e Second, if operational recharge period parameters were unchanged relative to the
reference case, the center of mass did not reach the unconfined aquifer before year 2200.
Consequently, later recharge rates moved the center of mass into the aquifer. In this case,
increasing the post-closure (500 years) recharge rate relative to the reference case
decreased travel time and increased mass flux into the aquifer. Peak times ranged from
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diffusional release and anisotropic vadose zone hydraulic properties on contaminant
migration. The technetium-99 sorption value of 0.1 mL/g evaluates the impacts of
limited sorption on peak values for those contaminants assigned a Ky value of 0 mL/g in
the reference case. For technetium-99 specifically, the consensus of field and laboratory
observations in tank farm vadose soils is that technetium-99 is non-sorbing. Therefore, a
range of Ky values is not considered appropriate for technetium-99 in this analysis.

o The second and third sets of analyses include parameter variability effects that exist
currently because specific closure actions have not occurred or additional site-specific
data are yet to be collected or exist and have not been applied to the specific WMA in this
analysis.

e The fourth set of analyses includes parameter variability effects that may be reduced by
further data collection but some essentially irreducible variability is expected to persist.

Of these categories, the fourth set is the only one considered in this analysis to provide a
qualitative cumulative variability estimate. The effects of variability from these parameters on
system performance provide an estimate of the fundamental variability in system performance
expected to be present at closure. With the exception of parameter variability identified in the
first set (which assumes unrealistic system conditions post-closure), additional variability in
system performance due to variability in other parameters in the second and third sets may be
warranted eventually. The justification for adding additional sources of variability will be
determined as additional information is collected in future actions leading up to closure

(e.g., retrieval, field characterization, laboratory testing). It is expected that much of the
variability assumed for these parameters will be eliminated. Over time, real variability will be
much better defined and the cumulative variability estimate will be revised to incorporate
additional effects.

Given this subset of sensitivity and “what if” case results, cumulative variability factors were
generated around the reference case peak values for those constituents that reach the unconfined
aquifer at peak or maximum values during the simulation. The selected sensitivity and “what if”’
cases factors for estimating cumulative high-side and low-side variability factors are provided in
Table 4-51. High and low factors are provided for technetium-99 and iodine-129 from past
releases and technetium-99 from tank waste residuals at both WMAs C and S-SX.

Cumulative variability factors were calculated by taking the product of peak-to-peak value ratios
for all relevant parameters contributing to the estimated change in peak value from the reference
case. A qualitative range in peak values was then determined by taking the product of the
appropriate reference case peak value and the high- and low-side cumulative variability factors.
This estimate is qualitative because of the underlying assumption that the various processes
represented by these factors are independent of each other as they simultaneously influence
contaminant migration.
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Table 4-53. Impacts of Single Barrier Degradation on Total System Performance
for Mobile and Semi-Mobile Contaminants in Past Releases at
Waste Management Areas C and S-SX

Sensitivit Mobile Semi-Mobile
Sensitivity and "What if"" Cases ande'l'lalll‘:t)if" Contaminants _ Contaminants |
(Reference Values) Parameter Values | WMA WMA WMA | WMA
. C S-SX C S-SX
1indarpertormance of Surface Barrier
Late barrier placement .
(05 mmivr in 2532) 0.5 mm/yr in 2050 | 1.4 1.2 1.8 1
Early barrier failure WMA C .
. . NA
(1 vrin 2532) 3 mm/yr in 2332 1 NA 3.0
Early barrier failure WMA S-SX .
« yr in 2532) 4 mm/yr 1n 2332 NA 1 NA 4.0
Camnlative I'ndernsrfarmance Factar 14 12 ]2 41)

Underperformzmce ol vadose £Lone

High vadose zone hydraulic properties

(reference) 10 x reference 1.7 1.5 1.1 1.1
[-129 K4 (0.2 mL/g) 0.1 mL/g NA NA 7.5 1.7

[ Hiaher water tahls (rafaranca) 7 m hichar 11 11 11 10
Lower depth WMA C (150 ft bgs) 170 1t bgs 1.6 NA - 2.9 NA
Lower depth WMA S-SX (130 ft bes) | 150 ft bgs NA 1.45 NA 1.12
Cumulative Underperformance Factor 3.0 2.4 26 2.1

NA = not applicable

The primary functions of the surface barrier and vadose zone are the same as those for the tank
residual waste. However, additional parameters describe barrier functions with regard to past
release contaminants. First, because semi-mobile contaminants in past releases are chemically
reactive with soil, changes in their sorption levels indicated by changes in Ky values are relevant
to vadose zone performance, particularly at WMA S-SX. An additional parameter that affects
vadose zone performance with past release contaminants is the thickness of vadose zone between
waste and the unconfined aquifer. Unlike tank residual waste which is fixed at the tank bottom,
past release contamination is already present in the vadose zone over a range of depths in the
various WMAs.

Comparison of the various cumulative underperformance factors showed that degraded barrier
performance had a greater potential to increase groundwater contamination levels of iodine-129
compared to technetium-99. The most significant underperformance factor was the reduction of
the 10dine-129 K, from 0.2 to 0.1 mL/g at WMA S-SX followed by increased post-barrier design
recharge at WMAs C and S-SX.
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Two acute cases were evaluated. The first case involves excavating for a basement or
building foundation or highway. Because the WMA will be covered with at least a 15-ft soil
surface barrier, the proposed excavations would not extend far enough below the ground
surface to uncover any waste. The excavation scenario gives no radiation dose and is not
evaluated any further. The second acute case involves drilling a well through the buried waste.
The construction of water wells in the 200 Areas is plausible due to the distance between the
WMA and the nearest surface water (i.e., greater than 10 mi).

Three chronic cases were evaluated: 1) the rural farmer with a dairy cow, 2) the suburban
resident with a garden, and 3) the cc ~~ercial farmer. The chronic scenarios differ by what 1s
done with the material taken from the well (drill cuttings). The rural pasture scenario considers
the drill cuttings being scattered in a cow pasture. The suburban garden scenario considers a
family planting a garden in the drill cuttings. The commercial farm scenario considers the drill
cuttir~ beli  present in an area that is planted with dry-land wheat, hay, or other crop that is
harvested and sold for profit. The owner of the commercial farm does not consume any of the
crops himself. His only exposure to the exhumed waste occurs during the production of the crop.

Note that by design, the intruder analyses do not consider the effect of contaminated
groundwater on the intruder (DOE 1999d). A complete evaluation of the exposure to the
intruder would take into account the presence of mobile, long-lived radionuclides in the
groundwater used by post-intrusion residents. However, as discussed in Chapters 4.0 and 6.0,
groundwater protection for members of the public was evaluated, albeit in a somewhat different
context. Thus, following current regulatory practices, the intruder analysis only evaluates the
effect on the intruder from inadvertent contact with exhumed waste. Exposure to contaminated
groundwater is not included.

Each tank and soil plume has different relative amounts of the various radionuclides that are
found in the underground tanks. Each radionuclide contributes uniquely to the various exposure
pathways that make up the acute and chronic scenarios. Thus, the intrusion scenario doses were
calculated for all 149 SSTs, 50 past tank leaks, and 17 UPRs to soil. The objective was to
determine the location with the maximum dose.

e Fora well driller at 500 years after closure, the projected dose is below the performance
objective of 500 mrem at all drilling locations. At 100 years after closure, the
performance objective is exceeded at the well location with the highest dose.

e For the scenario of a rural pasture (Section 5.3.3.1) at 500 years after closure, the
maximum dose is below the performance objective of 100 mrem/yr at all drilling
locations. At 100 years after closure, the performance objective is exceeded at the well
location with the highest dose.

e For the scenario of a suburban garden (Section 5.3.3.2), the projected dose of three
WMAS (i.e., A-AX, S-SX, TX-TY) is above the performance objective of 100 mrem/yr at
500 years after site closure.

e For the commercial farm scenario, the performance objective of 100 mrem/yr is never
exceeded.
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Table 5-1. Acute and Chronic Exposure Scenarios

_Exposje Sce!nario Borehole Diameter * |Effective Spreading Area °| Uninue Fxposure Pathways ©
Well driller 6.5t0 16.5 in. Variec None

Suburban garden 6.5 in. {100 m* - B Garden

Rural pasture 10.5 in. 5,000 m’ Cow milk

Commercial farm 16.5 in. 647,000 m’ None

* Borehole diameter is related to the quantity of water needed in each scenario. Larger diameter wells accommodate
larger pumps. They also bring more waste to the surface.

® Effective spreading area indicates the dilution that occurs on the ground surface. The areas are derived in
(Rittmann 2004) from the typical areas needed in each exposure scenario.

¢ Unique exposure pathways indicate special routes for the exhumed waste to expose the affected individual.

5.3.2 Acute Scenario: Well Driller

This is the only acute scenario evaluated. The well driller scenario estimates the dose to the
individual operating the drill rig. The exposure occurs during a drilling operation that lasts

40 hrs spread over 5 days. Most of the material removed from the borehole is uncontaminated
soil. As an example, if the waste thickness is about 1% of the length of the borehole, the actual
exposure of the well driller to the waste takes place over a period of about 0.4 hrs.

During the period that the buried waste is being removed from the hole, the driller is exposed to
airborne particulate and external radiation. If the drill cuttings are placed in one pile, the waste is
covered with uncontaminated soil that lies below the buried waste, which reduces or eliminates
the exposures. If the drill cuttings are spread around, the exhumed waste may lie exposed on the
surface for some time. In this situation, the increased exposure time will raise the resulting dose.
However, the average distance between the well driller and the contamination increases, thereby
lowering the resulting dose and offsetting the increase from greater exposure times. Water may
or may not be present to control airborne dust at the work site.

For modeling purposes, the driller is assumed to be exposed to average concentrations in soil and
air for the entire 40-hr drilling operation. In this way, the challenge of estimating actual
exposure rates and times during a future drilling operation can be avoided. The average
concentration in the drill cuttings (activity per unit mass) is the activity exhumed divided by the
total mass of the cuttings.

This is the only scenario that needs the borehole depth to calculate the doses. Because the
underground waste is represented as an upright cylinder with uniform thickness and waste
concentration, the average concentration in the drill cuttings is independent of well diameter.
The worker is exposed to the borehole-averaged waste concentration for a period of 40 hrs, the
assumed drilling time. Exposure pathways include inhalation of contaminated dust, ingestion of
trace amounts of soil, and external exposure from general contamination of the work site.
Details for this exposure scenario are described in Rittmann (2004).
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5.3.3 Chronic Scenarios

In all three chronic scenarios (i.e., rural pasture scenario, suburban garden, and commercial
farm), the dose to the individual depends on the total material brought to the surface during the
well drilling. Hence, the dose is proportional to the square of the well diameter and does not
depend on the well depth. The rural pasture scenario is considered the reference case exposure
scenario for the SST PA. The suburban garden and commercial farm scenarios are alternatives
that illustrate the range of potential dose results.

5.3.3.1 Rural Pasture Scenario

The rural pasture scenario estimates the dose to an individual who lives near the well and has a
milk cow. The drill cuttings are spread within the pasture. It is assumed that enough mixing
occurs during drilling that over time, the exhumed waste is diluted to the point that grass will

ow normally. Thus, grass may grow and be available to the 1k cow althot * contaminants
may be present in relatively high concentrations.

Note that the pasture area is much larger than the likely spreading area for the drill cuttings.

The cow forages over the drill cuttings and elsewhere in the pasture until it obtains the amount of
food (grass) it eats in a year. The contaminant concentration in the grass varies during the year,
but the average is proportional to the average soil concentration in the pasture. Details for this
exposure scenario are described in Rittmann (2004).

The dose to the exposed individual is calculated using average consumption rates for milk in the
United States (Putnam and Allshouse 1999). The cow provides 50% of the annual milk intake,
based on observed usage rates (EPA 1997b). Other pathways include inhalation of contaminated
dust, ingestion of trace amounts of soil, and external exposure during periods in the pasture.

Due to the larger averaging area (5,000 m>), this case has smaller doses than the suburban garden
scenario.

5.3.3.2 Suburban Garden Scenario

The suburban garden scenario estimates the dose to an individual who lives near the well and
grows a vegetable garden in the drill cuttings. All of the exhumed waste is located in the garden.
[t is assumed that enough mixing occurs when tilling the garden that the exhumed waste is
diluted to the point that the various food items will grow normally. Thus, the presence of
contaminants in relatively high concentration in parts of the garden does not alter the
productivity of the garden.

The contaminant concentration in the garden produce will vary from plant to plant due to the
non-homogeneity of the soil contamination. As the various food items are consumed, the
exposed individual accumulates the projected dose. The total dose accumulated over the year is
calculated using the average soil concentration. Details for this exposure scenario are described
in Rittmann (2004).

The dose to the exposed individual is calculated using average consumption rates for garden

produce in the United States (Putnam and Allshouse 1999). The garden provides 25% of the
annual vegetable intake, based on observed usage rates (EPA 1997b). Other pathways include
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inhalation of contaminated dust, ingestion of trace amounts of soil, and external exposure during
periods in the garden. Due to the small averaging area (100 m?), this case has the highest doses.

5.3.3.3 Commercial Farm Scenario

The commercial farm scenario estimates the dose to an individual who lives near the well and
uses the land to raise various crops for market. The drill cuttings are spread within the fields.
The exhumed waste is averaged over the entire plot because the farmer spends time in all areas
equally. Using the soil average avoids selecting an actual cuttings area and estimating the time
spent in this area during the year. Using the total area and the average concentration leads to a
representative dose.

Exposure pathways include inhalation of contaminated dust, ingestion of trace amounts of soil,
and external exposure during periods in the fields. Details for this exposure scenario are
described in Rittmann (2004). Due to the large averaging area (160 acres or 647,000 mz), this
case has the smallest doses.

5.4 WASTE AND WELL CHARACTERISTICS
5.4.1 Introduction

The residual tank waste is primarily located in the lower portion of the underground tank.
Contaminated soil from tank leaks is located below the tank. Depending on location, a well
could intercept only the tank waste, only the leak plume, or it could intercept both. Therefore,
three cases are considered for each of the significant tank leaks:

e Tank residual only
e Tank leak only
e Tank residual and tank leak combined.

Leaks into the soil from other UPRs begin a short distance below the original ground surface and
extend downward. Leaks into the soil during tank waste retrieval have not been included in the
present an: /sis; the volume or composition of such potential leaks is unknown.

A well drilled through the contamination present in the UPRs encounters only soil. A well that
passes through an underground tank encounters the steel reinforced concrete dome, the grout fill,
the steel liner, and the reinforced concrete base of the tank. To carry out intruder dose estimates,
it 1s assumed that the driller is not deterred by the resistance encountered.

5.4.2 Well Diameters and Depths

The main well parameters are the diameter and depth of the well.

5.4.2.1 Well Diameter

The typical well diameter for domestic wells in the area surrounding the Hanford Site is 6 in.
The basis for this diameter is the current (i.e., December 2003) database of water well logs
for the counties near the Hanford Site, as described in more detail in Section A7.0 of
Rittmann (2004). About 70% of the water wells between 200 ft and 400 ft deep have a 6-in.
diameter.
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The actual diameter of the borehole is slightly larger than 6 in. due to the typical technique used
to drill the well. The well is drilled with a bit that is slightly less than 6 in. It is lowered down a
steel casing with an inside diameter of 6 in. The lower edge of the casing is made of hardened
steel so the casing can be driven from above to follow the bit. However, if the casing cannot be
driven any deeper, then the well may be drilled further without the casing. The actual well hole
is about 6.5 in. diameter. To calculate the volume of soil removed from the borehole, it is
assumed to have a diameter of 6.5 in. over its entire length.

The irrigation of the rural pasture is a small-scale operation, but requires a larger pump than

normal domestic service. Hence, an increased well diameter of 10 in. (10.5-in. borehole
diameter) was selected for the rural pasture scenario.

A commercial irrigator typically uses a larger diameter well to extract water at a higher flow rate.
Irrigation well diameters range from 6 to 30 in. A 16-in. diameter well (16.5-in. borehole
diameter) is used as a representative diameter in this setting.

5.4.2.2

Well Depth

The depth of a well depends on the WMA in which it is drilled, due to the varying depths to
groundwater at each tank farm. In the present analysis, these depths were assumed to be the
measured depth to groundwater near a WMA plus 20 ft (6.1 m). Depths to groundwater range
from 75 to 88 m (246 ft to 289 ft) in the 200 East Area and 68 to 72 m (223 to 236 ft) in the
200 West Area. Table 5-2 shows the depths to groundwater used for each tank farm.

An additional 20-ft depth is added for the intruder analysis taking into account 15 ft for the
surface barrier plus drilling an additional 5 ft into the unconfined aquifer.

Table 5-2. Depth to Groundwater Near Single-Shell Tank Farms

Tank Farm Depth . Tank Farm Depth * —I
A 88 m S 68 m
AX 84 m SX 68 m
B 76 m T 72 m
BX 78 m TX 68 m
BY 75 m TY 69 m
C o 79 m U 68 m

* Above depths are measured from the ground surface to the top of the unconfined aquifer at
wells within 200 m of the tank farm (HEIS 2003).
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1 5.4.3 Characteristics of Wastes

2 The characteristics of the waste that determine impacts to the inadvertent intruder are the
3 inventory (Section 3.4.1), the geometry of the waste, and the availability of the contaminants in
4 the waste.

5 5.4.3.1 Geometry of the Waste

6  The fraction of the tank waste or soil contamination plume that is brought to the surface depends
7 on the geometry of the waste. A cylindrical shape is assumed to represent the average waste

g  distribution. For the underground tanks, the contaminated area is the entire tank bottom.

9 The average waste thickness is about | in. and is assumed uniform across the tank bottom.

10 The fraction of waste brought to the surface is calculated as the borehole cross-sectional area

11 divided by the cross-sectional area for the tank.

12 For the past tank leaks and UPRs, the geometric shape is assumed to be a cylinder with a vertical
13 axis. The diameter and height of the cylinder are equal to provide an average intruder case.

14 The volume of the cylinder area is estimated from the volume of liquid leaked and an average

15 soil filling fraction. The volumes of liquid are estimated from available historical records.

16 The soil filling fraction is assumed to be 10%; that is, about 10% of the soil volume is occupied
17 by the aqueous waste that leaked. The fraction of waste brought to the surface is calculated as

18 the borehole cross-sectional arca divided by the cross-sectional area for the contaminated soil.

19 Section E1.0 of Appendix E contains a more detailed discussion of the waste geometry models,
20 and gives the waste fraction brought to the surface for each tank and soil plume for each intruder
21 scenario.

22 5.4.3.2 Availability of the Waste

23 Not all of the waste material (cuttings) taken from the borehole is available for inhalation or

24 Ingestion by the various intruders. The particle size distribution of the cuttings typically includes
25 larger pieces that cannot be inhaled or ingested. The large particles are consequences of drilling
26  technology that breaks rocks only as much as needed to facilitate removal from the hole.

27 This minimizes wear on the drill bit.

28 Cable tool and rotary are the two most likely methods for drilling the well. The cable tool

29 method uses a heavy drill bit that is raised and lowered on a cable. The rotary method uses a

30 rotating cutting bit to grind through the sediment and rock. In each method, the bit breaks the

31 sediment and rock into pieces called cuttings and the cuttings are cleaned out of the hole by

32 mechanical means. Both drilling methods generate fine particles that may be inhaled or ingested.
33 The rotary bit method generates the largest fraction of fine particles. The fine particulate is

3¢ typically less than 25% of the total by weight; this is the fraction that is available for inhalation.
35 A somewhat larger fraction could be ingested directly (inadvertent soil ingestion). A larger

36 fraction still would be available for uptake in plants located in a garden or pasture, assuming the
37 exhumed waste has a chemical form that permits plants to extract nutrients. Radioactivity in

38 chemically inert compounds would be less available. The inert compounds would resist uptake
39 by plant roots, reducing ingestion dose. They would also resist dissolution of inhaled dust in

40 lung fluid, reducing inhalation dose.
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6.0 PERFORMANCE EVALUATION

6.1 INTRODUCTION

This chapter provides an evaluation of the SST PA results provided in Chapters 4.0 and 5.0
with respect to the performance objectives discussed in Section 1.5 for the reference case.

A comparison of the performance objectives to the SST PA results for the reference case leads
to the following conclusions:

e Estimated impacts from residual waste, following HFFACO (Ecology et al. 1989)
prescribed levels of 99% retrieval, are below all groundwater performance objectives at
the WMA fenceline over the period of simulation for the reference exposure scenarios.

e Past releases from all WMAs (except WMA C) result in some groundwater MCLs being
exceeded at the fenceline.

e DPast releases result in selected performance objectives (ILCR) being exceeded at the
WMA fenceline in WMA S-SX and WMA T for the reference case exposure scenarios.

e Selected performance objectives associated with the protection of the general public are
exceeded at the WMA fenceline in all WMA s for the residential exposure scenarios
(radiological ILCR and HI) due to past releases.

o Estimated all-pathways farmer scenario doses are less than the performance objective
(15 mrem/yr) at the WMA fenceline.

e Estimated intruder doses are less than the performance objectives for the protection of
intruders for the reference case exposure scenarios (driller and rural farmer).

¢ Bounding estimates for the effects of releases to air are below the performance objectives
for the protection of air resources.

The following sections compare the estimated impacts from WMA closure to the performance
objectives for each area of protection cited in Section 1.5:

Protection of groundwater resources (Section 6.2)

Protection of the general public (i.e., human health risk impacts) (Section 6.3)
Protection of the inadvertent intruder (Section 6.4)

Protection of air resources (Section 6.5).
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6.2 COMPARISON OF ESTIMATED GROUNDWATER CONCENTRATIONS TO
GROUNDWATER RESOURCES PERFORMANCE OBJECTIVES

The protection of groundwater resources is expressed as limits on health-impacting contaminant
concentrations, and as a limit on the beta-photon emitter dose (Section 1.5) expressed as
performance objectives or MCLs. The reference case groundwater concentration estimates,
presented in Sections 4.3 through 4.9, are compared to performance objectives for the protection
of groundwater resources in this section. Also, the groundwater concentrations in Chapter 4.0
are used to calculate the beta-photon emitter doses (Section 3.2.2.6) that are presented in this
chapter. The tank row within each WMA with the highest estimated values for health-impacting
contaminant concentrations and beta-photon emitter dose over the assessment period

(i.e., years 2000 through 12032) is used in Section 6.2.1 to compare to its performance objective
(or MCL) summarized in Table 1-2. Details are given for the groundwater pathway for each of
the waste sources (i.¢., past releases and residual waste) and the composite (sum of all waste
sources within a given tank row) at the fenceline of each WMA. This section presents the
following:

e Reference case composite source (Section 6.2.1)

e Reference case past it ases source (Section 6.2.2)
e Reference case residual waste source (Section 6.2.3)
e Conclusion (Section 6.2.4).

6.2.1 Reference Case Composite Source

This section compares the peak estimated concentrations and beta-photon doses for contaminants
reaching the WMA fenceline for all combined source terms (e.g., past releases such as tank leaks
and UPRs, and residual waste in SSTs, pipelines, and MUSTSs) to the relevant performance
objectives (MCLs) identified for each WMA in Table 1-2.

Tal :6-1 presents the highest composite groundwater concentrations over the period of
evaluation from years 2000 to 12032 and its associated peak tank row for each health-impacting
contaminant that reached groundwater along with the associated dominant source component
(e.g., past release or residual waste).

The other contaminants with associated performance objectives for the protection of
groundwater that are not listed in Table 6-1 are not estimated to reach the groundwater within the
10,000-year simulation period (years 2000 through 12032); therefore, their estimated
concentrations are zero. Specifically, the alpha emitters (excluding radium-226, radium-228,
and uranium) and strontium-90 concentrations are estimated to be zero at the WMA fenceline
(Appendix D). Similarly, the following chemicals are not estimated to reach the groundwater
within the simulation period (years 2000 through 12032), and therefore, their estimated
concentrations are zero at the WMA fenceline (Appendix D):

e Antimony e C(Cyanide e Selenium
e Arsenic e JIron e Silver

e Barium e Lead e Thallium
e Beryllium e Mercury e Zinc

e (Cadmium e Nickel
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It must be emphasized that these impacts assume that no engineered barrier is placed over the
WMAS until the time of site closure, which in the simulations for the reference case was
assumed to be at year 2032. Because the simulation began in the year 2000, rather than at the
time of « )sure, contaminants from past releases were exposed to high recharge rates

(100 mm/yr) during this time period. This high recharge rate resulted in elevated migration rates
and fluxes into the unconfined aquifer from past releases.

Work from previous assessments of past releases (particularly the FIRs [Knepp 2002a, 2002b])
show at placing interim surface barriers earlier (i.e., year 2010) will reduce estimated impacts
by shortening the exposure time of past release source contaminants to high recharge rates.

In Section 4.11, analytical results are presented for earlier interim cover placement in year 2010
and the estimated groundwater concentrations for mobile contaminants were reduced at the
WMA fenceline by a factor of apprc ~ iately 2 w™' ‘espect to the reference case results.

The estin ~  impacts woulc illr ° above performance objectives for most WMAs at ™ -
WMA fenceline.

6.2.3 Reference Case Residual Waste Source

Chapter 4.0 and Appendix D present estimated groundwater concentrations at the WMA
boundary fenceline. Table 6-3 presents the highest groundwater concentrations and beta-photon
dose over the period of evaluation (years 2000 to 12032) from residual waste in tanks and
MUSTs. These peak values bound the residual waste contribution from plugged pipelines.

No chemical or radionuclide constituent performance objectives are exceeded during the first
10,000-year simulation period. In contrast to past releases, impacts from the waste residuals
(whether in tanks or ancillary equipment) are much smaller, with only chromium approaching its
MCL of 0.1 mg/L for WMA S-SX. Because of the smaller inventories (Appendix C) associated
with ancillary equipment and the slower contaminant release rates and lower recharge rates
associated with tank residual waste contaminant transport, impacts are below the performance
objectives for both radionuclides and chemicals over the 10,000-year evaluation period at the
WMA fenceline.

The inventory data in Appendix C assume that all 100-Series tanks meet the HFFACO residual
waste goal of 360 ft’ of residual waste, while the 200-Series tanks have 30 ft* of residual waste
(Ecc Hgy etal. 1989). Impacts from a tank row (the row being defined by being parallel to the
groundwater flow) are given because the groundwater will act to add the impacts from different
contaminant sources within such a row.

The DOE performance objective for protection of the groundwater (beta-photon drinking water
dose) 1s also met for all the residual waste in each WMA during the first 10,000 years at the
WMA fenceline for the reference case.
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Figure 6-9. Radionuclide Incremental Lifetime Cancer Risk for the
Industrial Exposure Scenario for Tank Row T-104
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Figure 6-10 and Table 6-19 show the relative contaminant contributions to radiological ILCR
from tank row T-104. Technetium-99 from past releases dominates the composite ILCR at the
time of peak (year 2332) and remains dominant through the early part of the assessment period.
Iodine-129 from past releases becomes dominant at about year 5300 and remains dominant
through the end of the assessment period (Figure 6-10). Under the industrial exposure scenario,
iodine-129 from past releases contributes over 74% of the composite ILCR at the time of peak
from residual waste (year 8191), whereas technetium-99 from residual waste contributes about
26% (Table 6-19). A small amount of technetium-99 from past releases is still present in
groundwater at the fenceline in year 8181 but its contribution to the composite ILCR is quite
minor (about 0.5%). Under the residential exposure scenario, the relative contribution from
technetium-99 at the time of peak from residual waste is greater than for the industrial scenario
(63%) because of the additional exposure pathways (e.g., garden vegetables) included in this
scenario (Table 6-19). In Table 6-19, results are present for the composite ILCR at calendar
year 2332 (the peak year for the past release component ILCR) and at calendar year 8191

(the peak year for the tank residuals component ILCR).
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Figure 6-21. Radionuclide Incremental Lifetime Cancer Risk for the
Industrial Exposure Scenario for Tank Row U-107
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Figure 6-22 and Table 6-37 show relative contaminant contributions to radiological ILCR from
tank row U-107. Technetium-99 dominates the radiological ILCR from tank row U-107 because
it is mobile. Carbon-14 is also projected to make a negligible contribution to total radiological
ILCR (0.11%). As described in Section 6.3.5.1 (all-pathways dose), the absence of a past
releases component in tank row U-107 precludes iodine-129 from reaching the water table within
the model time frame. lodine-129 is less-mobile and therefore only reaches the water table
during the simulation period when it is released from the past releases component, which is
placed in closer proximity to the water table in the model.

Under the residential exposure scenario, the relative contribution from technetium-99 at the time
of peak from residual waste is slightly higher (99.97%) because of the additional exposure
pathways (e.g., garden vegetables) included in this scenario (Table 6-37). In Table 6-37, results
are presented for the composite all-pathways dose at calendar year 2332 (typically the peak year
for the past release component dose in West Area WMAs) and at calendar year 8191 (the peak
year for the residuals component dose).
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1 Figure 6-29. Hazard Index for the WAC 173-340 Method B
2 Exposure Scenario for Tank Row CR Vault
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s Figure 6-30 and Table 6-49 show the relative contaminant contributions to non-carcinogenic
6  chemical HI from tank row CR vault. The combined contributions from hexavalent chromium

7 and nitrite in past releases dominate the composite HI from the time of peak (year 5711) to the

8 end of the assessment period (year 12032) (Figure 6-30). At the time of peak from residual

9 wastes (year 10481), the combined contributions from hexavalent chromium, nitrite, and nitrate
10 from the past release component contributes over 99% of the composite HI under both the

11 WAC 173-340 Method B and Method C exposure scenarios (Table 6-49). In Table 6-49, results
12 are presented for the composite HI at calendar year 5711 (the peak year for the past release

13 component HI) and at calendar year 10481 (the peak year for tank residuals component HI).
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Figure 6-33 shows temporal variations in radionuclide ILCR from tank row B-103 for the
reference land use case. As noted for the all-pathways dose (Section 6.3.7.1), the dominance of

¢ past releases component is revealed by the overlap of the composite and past releases curves.
Past releases drive the composite ILCR over the entire assessment period; however, tank
residuals make an important contribution from about year 7000 to year 10000 as revealed by the
separation in the composite and past releases curves over that time span (Figure 6-33).
Composite ILCR values toward the end of the assessment period are dominated by less mobile
contaminants from past releases.

Figure 6-33. Radionuclide Incremental Lifetime Cancer Risk for the
Industrial Exposure Scenario for Tank Row B-103
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Figure 6-34 and Table 6-55 show the relative contaminant contributions to radiological ILCR
from tank row B-103. Technetium-99 from past releases dominates the composite ILCR at the
time of peak (year 2332) and remains dominant for several thousand years thereafter

(Figure 6-34). From about year 7000 to year 10000, the composite ILCR is driven by the
combined contributions of uranium isotopes (primarily uranium 238 and uranium-234) from past
releases and technetium-99 from tank residuals. The contribution of technetium-99 from tank
residuals declines toward the end of the assessment period and the composite ILCR is dominated
by the uranium isotopes from past releases. Under the industrial exposure scenario, the
composite ILCR at the time of peak from tank residuals (year 10451) is driven by the uranium
isotopes from past releases with a significant contribution (approximately 26%) from
technetium-99 in tank residuals (Table 6-55). Under the residential exposure scenario, the
relative contribution of the technetium 99 from tank residuals increases to approximately 62%
because of the additional exposure pathways (e.g., garden vegetables) included in that scenario
(Table 6-55). In Table 6-55, results are presented for the composite ILCR at calendar year 2332
(the peak year for the past releases component ILCR) and at calendar years 10451 and 10461
(the peak years for the tank residuals component industrial and residential ILCR, respectively).
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6.5 COMPAR ON OF EFFECTS OF RELEASES TO AIR TO PERFORMANCE
OBJECTIVES

This section presents the effects of releases to air in the following sections:

e Overview (Section 6.5.1)

e Doses from tritium and carbon-14 emissions (Section 6.5.2)
e Emission rate of radon-222 above the waste (Section 6.5.3)
¢ Conclusions (Section 6.5.4).

6.5.1 Overview

Earlier PA analyses (Wood et al. 1995a, 1996; Mann et al. 2001) have shown that the effects of
contaminant releases to the air are negligible for both ILAW and solid waste buried in trenches
with more than 16 ft (5 m) of cover above the waste. The estimated inventories for tritium,
carbon-14, and transuranic nuc  contributing to the radon-222 inventory are small for the SSTs.

The principal mechanism by which nuclides migrate from the waste to the ground surface is
gaseous diffusion. The analysis in Rittmann (2004) shows that convection mechanisms such as
atmospheric pressure and temperature variations, wind, and rainfall have negligible secondary
effects on the release of contaminants to the air.

The diffusion of radioactive gases such as tritium, carbon-14, and radon-222 can be represented
using Fick’s Law of diffusion with a loss term for radioactive decay (Jury et al. 1991).

The amount available for diffusion (i.c., the source concentration) is changing with time due to
the release mechanism for the contaminants from the waste form and radioactive decay.

Two cases (one for trittum and carbon-14 and the other for radon-222) must be considered
because the performance objectives differ. The tritium and carbon-14 performance objective is
to limit the air pathway dose near each WMA to less than 10 mrem per year. The radon-222
performance objective is to limit the surface emanation rate to less than 20 pCi/m’/s.

The air emissions following closure are estimated using a simple model that provides an upper
bound on the possible doses from tritium and carbon-14, and the possible emission rate of
radon-222 at the ground surface above the waste. The estimated bounding doses for tritium
and carbon-14 emissions are well below the performance objective of 10 mrem per year.

The emission rate of radon-222 at the ground surface above the waste is well below the
performance objective of 20 pCi/m”/s.

6.5.2 Doses from Tritium and Carbon-14 Emissions

Because the estimated WMA closure inventories for tritium and carbon-14 are small, a bounding
approach is used to estimate the air release doses for this risk assessment. Specifically, half the
entire tritium and carbon-14 inventories for each WMA are released over a 1-year period, the
first year after closure. The other half diffuses downward. This approach ignores diffusion from
the waste that has been occurring during the past decades. A bounding approach avoids the task
of defining release mechanisms and rates of progress through the overlying soils. The total
inventories for tritium and carbon-14 in each WMA at the time of closure are shown in

Table 6-69. All WMA are assumed to be closed at the beginning of calendar year 2032.
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e The doses for tritium and carbon-14 were calculated using a specific activity model that
assumes all the water and carbon in plants comes from the air.

e The radon-222 emission rate estimates use only 15 ft of soil as a diffusion barrier even
though the waste is greater than 15 ft from the ground surface.

e The radon-222 emission rate is the peak value at enormous times after site closure.
This ignores movement of uranium away from its original location in the WMA.
Any movement would be downward, increasing the radon-222 travel time to the ground
surface. Increased travel time means lower radon-222 emission rates due to radioactive
decay.

6.6 ALARA ANALYSIS

To keep exposures as low as reasonably achievable (ALARA), design, operations, and analysis
projects must cooperate closely. The RPP Retrieval/Closure Program is committed to such
integration. The design for closing the tank farms is expected to be optimized using the results
of these studies.
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