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either inhalation or groundwater ingestion for all sites. Transuranic radionuclides (Pu-238,-239,-240,
and Am-241) were major contributors except at INEEL, where C-14 was the major contributor.

The estimated hazardous chemical carcinogenic impacts to the MEI during the maximum 70-year
lifetime over the 10,000-year analysis period ranged from a 5.4 E-03 probability of cancer incidence at
INEEL down to a 1.3 E-07 probability of cancer incidence at LANL. At INEEL, the maximum proba-
bility of cancer incidence was estimated to occur after about 3,185 years (the 45th consecutive 70-year
lifetime), while the maximum occurred much earlier at all other sites. The dominant exposure pathway
was groundwater ingestion at all sites except LANL, where it was resuspended soil ingestion. The key
contaminant was 1,1,2,2-tetrachloroethane for MEI exposure at all sites.

The estimated hazardous chemical noncarcinogenic impacts to the MEI during the maximum
70-year lifetime over the 10,000-year analysis period ranged from 2 hazard index of 1.5 at SRS down
to 6.4 E-05 at RFETS. At SRS the hazard index was estimated to occur after about 735 years (the 10th
consecutive 70-year lifetime); the maximum occurred both earlier and later at other sites. The domi-
nant exposure pathway was groundwater ingestion at all sites except LANL, where it was resuspended
soil ingestion. The key contaminants were carbon tetrachloride and mercury at all sites. This homo-
geneity in key contaminants is a result of the limited site-specific information available on hazardous
chemical content of TRU waste.

Population The estimated radiological impacts to the surrounding population during the maximum
70-year lifetime over the 10,000-year analysis period ranged from 7.1 LCFs at RFETS down to 3.6
E-05 LCFs at ORNL. The time after loss of institutional control during which the maximum exposure
occurred varied by site. At RFETS the 70-year lifetime period when the highest number of LCFs
occurred was estimated to occur after about 665 years (the 8th consecutive 70-year lifetime period).
The maximum numbers of LCFs occurred during the first lifetime at all other sites except SRS, where
it occurred after about 9,905 years (141st lifetime period). The dominant exposure pathways was inha-
lation at all sites except Hanford, where it was resuspended soil ingestion. Transuranic radionuclides
(Pu-238,-239,-240 and Am-241) were major contributors at all sites.

* The estimated hazardous chemical carcinogenic impacts to the surrounding population during the
maximum 70-year lifetime over the 10,000-year analysis period were very small, much less than one
cancer at every site. Impacts ranged from 2.8 E-04 cancers at RFETS down to 1.1 E-07 cancers at
LLNL. AtRFETS, the 70-year lifetime period when the highest fractional number of LCFs occurred
was estimated to occur after about 525 y :ars (the 7th consecutive 70-year lifetime period). The
maximums occurred from 105 years to 665 years at the other sites. The dominant exposure path-
ways were resuspended soil ingestion and surface water ingestion. The key contaminant was 1,1,2,2-
tetrachloroethane at all sites except LLNL, were they were beryllium and cadmium. Hazardous
chemical noncarcinogenic impacts are not applicable for populations.

Aggregate impacts over 10,000 yegrs The aggregate radiological impact from all seven sites
totaled over the 10,000-year evaluation period was estimated to be 807 LCFs in the aggregate exposed

population of 1.56 billion (the number of people exposed via air and groundwater-to-surfacewater
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pathways around all seven sites over 10,000 years of 70-year lifetime periods). The majority of the
impact occurred in the population around RFETS, which accounted for 781 LCFs. The aggregate
impact consisted of 794 LCFs from release of the radionuclides in the No Action Alternative 2
inventory (Basic Inventory), plus 13 LCFs that would result from release of the “Additional
Inventory.” The “Additional Inventory” was included in the other action aiternatives of SEIS-II, and
consists of existing TRU waste including PCB-commingled TRU waste, commercial TRU waste,
nondefense TRU waste, and mainly, TRU waste disposed of prior to the Atomic Energy Commission
TRU waste policy of 1970. Most of this later category is estimated to be at DOE sites in shallow-land
burial.

The aggregate hazardous chemical carcinogenic impact from all seven sites totaled over the 10,000-
year evaluation period was estimated to be 0.002 cancers.
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This report analyzes two different types of human-health impacts. The first analysis addresses
impacts of human intrusion at or near locations of former TRU waste storage following the loss of insti-
tutional control. Different intruder scenarios were examined for TRU waste assumed to be located in
surface and shallow-buried (or other near-surface) storage facilities. Intruder scenarios may be char-
acterized by the type of intrusion (active or inadvertent), initial location of the waste (surface or buried/
near-surface), and type of exposure (acute or chronic). The following four scenarios were selected to
examine the range of potential impacts that could result from human intrusion.

 Scavenger: active intrusion, surface waste, acute exposure

o Driller: active intrusion, buried waste, acute exposure

o Farmer: inadvertent intrusion, surface waste, chronic exposure

o Gardener: inadvertent intrusion, buried waste, chronic exposure.

The second type of analysis examined long-term, lifetime exposure of individuals and populations.
No release of radionuclides or hazardous chemicals was assumed to occur until the end of the institu-,
tional control period. Maximally exposed individuals were assumed to be located at current site
boundaries, and current off-site population distributions were used to estimate future impacts to sur-
rounding populations. Impacts were evaluated over a 10,000-year period following loss of institutional
control, for comparison to the performance assessment period of the WIPP repository under the SEIS-II
action alternatives. Seventy-year lifetimes were assumed, and approximately 142 consecutive 70-year
exposure periods were evaluated for the 10,000-year period. Individuals were assumed to be exposed
via the groundwater-to-surface water pathways. This analysis included site-specific impacts at seven of
the 10 major generator/storage sites: Hanford, INEEL, LANL, LLNL, ORNL, RFETS, and SRS.
The analysis focused on these sites because 99% of the estimated TRU waste volume and inventory
would be generated and stored there, and under the assumptions of this analysis, released from these
sites as well.

Previous DOE NEPA analyses of the no action alternatives did evaluate the long-term impacts of
leaving TRU waste at the generator/storage sites (DOE 1980; DOE 1990). Earlier analyses assumed
that TRU waste would be in indefinite storage at major generator/storage sites.. Institutional control,
with effective monitoring and maintenance of storage facilities, would be sufficient to preclude any site

impacts.

These earlier analyses referenced completed NEPA documents for some major retrievable storage
facilities that describe the effects of continued retrievable storage. The sites include Hanford, INEEL,
and SRS. The reader is referred to the published environmental documents for greaier detail (DOE
1980, 1987, 1988).

For the analysis of long-term lifetime exposures, additional assumptions were made about the
storage configurations of TRU waste at the sites, providing additional information on radionuclides and
hazardous chemicals would be released. All waste was assumed to be placed into retrievable storage
consistent with current practices at DOE sites. Current storage configurations include storage in soil-
covered asphalt or concrete pads, shallow trenches, aboveground earthen berms, covered enclosures,
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storage buildings, and buried caissons (RH-TRU waste only). The wastes would remain in the assumed
storage configurations for a 100-year period of institutional control, which includes at its beginning a
10-year period of decommissioning of waste-handling and -treatment facilities. During this period,
effective monitoring, surveillance, and maintenance of storage facilities was assumed sufficient to
prevent the release of contaminants from these storage facilities.

1.2 Report Organization

This report provides supplemental information for the WIPP SEIS-II and describes the underlying
bases, data, and assumptions used to estimate the impacts from postulated human intrusion and long-
term, lifetime exposures to radionuclides and hazardous chemicals in TRU waste remaining at major
generator/storage sites after loss of institutional control for No Action Alternative 2.

Section 2.0 provides detailed information on the analysis of impacts from human intrusion, includ-
ing the methods used for radiological and non-radiological analysis, descriptions of the different intruder
exposure scenarios, and the calculated impacts to individuals under these scenarios. Section 3.0 pro-
vides detailed information on the long-term, lifetime exposure analysis, including a description of the
source’s strength and configuration, scenarios considered, data and models used, and calculated
impacts to individuals and populations near the sites. Section 4.0 provides references for the two
analyses. Appendix A presents the radionuclide and hazardous chemical inventories used for both
analyses in this report. Appendix B provides details-on contaminant release and groundwater transport
properties associated with the long-term, lifetime exposure analysis. Appendix C describes the geology
and hydrology of the generator storage sites, and Appendlx D describes the No Action Alternative 1A
and 1B analysis.
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2.2 Human Intrusion Exposure Scenarios

The human intrusion analyses evaluated the potential impacts to individuals at or near the location of
TRU waste. The exposure scenarios were established to evaluate impacts from direct and inadvertent
contact with the TRU waste, the differences between exposure to surface and shallow-buried waste, and
the differences between acute and chronic exposures. Evaluations included exposures to radionuclide and
hazardous chemicals for all scenarios. Estimation of impacts from human intrusion considered in this
analysis included the following hypothetical scenarios: driller, gardener, scavenger, and farmer. The
parameters and values employed for radiation dose and hazardous chemical exposures and associated
impacts are presented in Table 2.1.

2.2.1 Direct Intrusion into Buried TRU Waste—Driller Scenario

With loss of institutional control, an inadvertent intruder could come into contact or become directly
exposed to TRU waste located in shallow burial storage facilities by drilling into the waste. Under this
driller scenario, an intruder was assumed to drill a water well directly through buried or soil-covered TRU
waste. As a result of the drilling, contaminated soil was assumed to be brought to the surface and to mix
with the topsoil. The circular drill hole through the TRU waste was assumed to be 30 cm in diameter and
4 m in depth. The contamination was assumed to be instantaneously mixed into the top 15 cm of clean
surface soil. Further, it was assumed in this scenario that the extent of contamination was limited to an
area of 10m by 10m.

The GENII calculations assumed that the driller intruder was exposed via external ground radiation for
40 hours, via inhalation of resuspended soil for 1 hour, and via inadvertent ingestion of soil for 5 days at a
rate of 100 mg/day. The soil resuspension was based on an average mass loading factor of 1.0E-04 g, ./
m’,;. From these input parameters, a dose factor of dose per curie per cubic meter of soil down to 15 cm
below surface was derived. The driller’s breathing rate was assumed to be 20 m%24 hours for 40 hours.
This was considered an acute scenario because of the limited exposure time of 40 hours.

2.2.2 Inadvertent Exposure to Buried TRU Waste—Gardener Scenario

Subsequent to waste being brought to the surface in the driller scenario, an individual was assumed to
make a garden on the land, not knowing it contained the contaminated soil. The volume of contamination
was limited to that of the drill tailings but was spread out over 2500 m?. The individual was assumed to
garden the plot over a period of 30 years. During this time, the gardener would receive 25% of his yearly
vegetable and :tuit intake from this garden. In addition to ingesting food crops, the individual was further
exposed via inhalation of resuspended contamination, external radiation, and inadvertent ingestion of con-
taminated soil. The gardener was assumed to breathe all year at the location, 8,766 hours/year, but to be
exposed externally only half the year (4,383 hours/year). This gardener scenario was considered chronic
exposure because of the 30-year exposure duration.
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Table 2.1. Parameters for Human Intrusion Scenarios

Well 30-year 24-hr 30-year
Exposure Time Driller Gardener | Scavenger | Farmer

Soil exposure time (h/y) 40 4383 24 4383
Inhalation exposure time (h/y) I 8766 24 8766
Skin absorption exposure time (h/y) 40 8766 24 8766
Manual redistribution factor (m-1) (a) 2.6E-04 (a) (a)
Contaminated area (m?) 100 2500 >2500® >2500®
Cover soil mixing depth (cm) 15 15 0 0
Mass loading (g/m’) 1.0E-04 1.0E-04 1.0E-4 1.0E4
Soil ingestion exposure time (d/y) 5 365 1 365
Soil injg:esg'(m rate (mg/d) 100 100 100 100
Breathing rate (m*/d) 20 20 20 20 |
 Ingestion pathway parameters
Fraction of diet from local (contaminated) region

leafy, fruit & other vegetables 0.25 1.0
_g'ain (@ 1.0
Growing time

leafy vegetables 45 45

other vegetables 90 90

fruit 90 90

grains (a) 90
Consumption rate (kg/y)

leafy vegetables 3.5 14

other vegetables (a) 14 (a) 55

fruit 8 31
|_grains (2) 7
Animal Products

beef 42

poultry 11

cow’s milk @ 110

eggs 10

(a) Not an exposure route.

(b) External pathway not limited by contaminated area extent.
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2.2.3 Direct Intrusion into Surface-Stored Waste—Scavenger Scenario

With loss of institutional control, inadvertent intruders may come into more direct contact and be
directly exposed to waste in surface storage facilities. In this scenario, a scavenger was assumed to come
into direct contact with surface-stored TRU waste over a 24-hour period. The scavenger was exposed by
inhalation of resuspended soil, external radiation, and inadvertent ingestion of contaminated soil while at
the site. The scavenger was assumed to breathe 20 m*/day. It also was assumed that no clean soil covers
the waste, so the dose factors per unit concentration were multiplied by the waste-form concentration to get
the total dose to the scavenger. This scavenger scenario was considered to be an acute exposure scenario

because of the 24-hour exposure.
2.2.4 Inadvertent Intrusion of Surface-Stored Waste—Farmer Scenario

Another potential intruder scenario for near surface waste examined was a farmer who was assumed to
live and farm on a plot of land immediately over the near surface waste once the waste degrades to the _
point where it becomes indistinguishable from the surrounding land. For this scenario, a farmer was
assumed to work the land for a 30-year period, getting 100% of his produce and animal products from the
farm. The adult farmer was exposed via ingestion of contaminated food crops and animal products, inhala-
tion of resuspended contamination, external radiation, and inadvertent ingestion of contaminated soil. The

* area of contamination that the farmer works is equal to the areal footprint of the TRU waste. Because no
surface soil was assumed, the TRU concentration of the farmed land was equal to the concentration in the
TRU waste. The farmer also was assumed to live year round (8,766 hours/year) at the waste site, but was
exposed externally only half the time (4,383 hours/year). This farmer scenario was considered a chronic

exposure scenario.

The difference between the farmer and gardener scenarios, was that for the farmer scenario, the area
of contamination was larger, the concentration of waste was greater, there was no surface cover, and the
farmer’s ingestion pathway was greater, and included grains as well as animal products.

2.3 Impacts of Human Intrusion

This section presents the results of the human intrusion analysis conducted for the WIPP SEIS-II No
Action Alternative 2. The section is divided into radiological impacts and impacts from hazardous chemi-
cal exposure for four intruder exposure scenarios representing exposures from buried and surface TRU
waste, direct and inadvertent intrusion, and acute and chronic exposures Site-specific impacts for seven
major generator/storage sites are presented.

2.3.1 Radiological Impacts
Radiological impacts are presented below for the driller, gardener, scavenger, and farmer scenarios for

each of the seven major generator/storage sites. Results are presented for exposure to CH-TRU waste at all
+ sites and for separate exposure to RH-TRU waste at Hanford, INEEL, LANL, and ORNL. LLNL, RFETS,
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a V‘J ;(Z 5 did not have RH-TRU waste in the SEIS-II Basic Inventory. Radiation dose estimates are
i Lo L in Table 2.2, and radiological impact estimates, as the probability of an LCF in an exposed
individual, are presented in Table 2.3.

Driller Scenario

The estimated probability of an LCF to a hypothetical driller from exposure to CH-TRU waste ranges
from 1.1E-06 to 5.4E-06 for the seven sites. The estimated probability of an LCF to the driller from
exposure to RH-TRU waste ranges from 1.1E-06 to 2.9E-05 for the four sites with RH-TRU waste. The
highest estimated probability of an LCF for exposure to CH-TRU waste was at the INEEL. Americium-
241 was the radionuclide contributing 97% to the dose via the external pathway. The highest estimated
probability of an LCF for exposure to RH-TRU waste was at Hanford. Cesium-137 was the radionuclide
contributing 89% to the dose via the external pathway.

Table 2.2. Radiation Dose from CH-TRU and RH-TRU for Intruder Scenarios by Site

Intruder Scenario |Hanford | INEEL LNLL LANL ORNL RFETS SRS

CH-TRU
(Dose,inRem) __1
Driller 22E-03 | 0.011 4.5E-03 0.010 7.3E-03
Gardener/First Year | 0.81 1.1 (‘)W 1.7 1.3 @ 5.5
Gardener/30-Year 19 26 41 29 126
Scavenger 3.1 4.2 13 || 66 5.2 38 21
Farmer/First Year 1,00 1,600 475 2,400 | | 1,900 14,000 7,700
Farmer/30-Y ear 26,000 | 36,000 | 11,000 || 55,000 143,000 320,000 170,000
RHTRO———
(Dose, in Rem)
Driller 89 17 6.1 14
Gardener/First Year | 4.3 0.86 028 0.70
Gardener/30-Year 89 17 6.1 14
Scavenger 24 41 ®) 14 29 ® ®
Farmer/First Year | 10,000 | 2,700 550 2,700 |
Farmer/30-Year 220,000 | 57,000 12,000 55,000
(a) Not applicable because site does not have buried TRU waste.
(b) Not applicable because site does not have RH-TRU waste.
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Table 2.3. Radiological Impacts from CH-TRU and RH-TRU for Intruder Scenarios by Site

Intruder Scenario | Hanford | INEEL LNLL LANL ORNL RFETS SRS
Radiological Impacts from CH-TRU
(Probability of an LCF)
Driller 1.1E-06 | 5.4E-06 2.3E-06 5.2E-06 3.7E-06
Gardener/First Year| 4.1E-04 | 5.6E-04 (a) 8.6E-04 6.3E-04 (a) 2.7E-03
Gardener/30-Year | 9.6E-03 0.013 0.021 0.015 0.063
Scavenger 1.6E-03 | 2.1E-03 | 6.4E-04 | 3.3E-03 2.6E-03 0.019 0.010
Farmer/First Year 0.56 0.79 0.24 1.0 0.95 1.0® 1.0®
Farmer/30-Year 1.0® 1.0® 1.0® 1.0® 1.0® 1.0® 1.0®
Radiological Impacts from RH-TR
(Probability of an LCF)

Driller 29E-05 | 4.9E-06 1.1E-06 3.5E-06

Gardener/First Year| 2.2E-03 | 4.3E-03 14E-04 3.5E-04

Gardener/30-Year | 0.045 8.7E-03 3.6E-03 7.0E-03

Scavenger 0012 |21E03 | © | 69E04 | 14E-03 © ©
Farmer/First Year 1.0® 1.0® 0.27 1.0®

Farmer/30-Year 1.0® 1.0® 1.0® 1.0®

(a) Not applicable because site does not have buried TRU waste.

(b) Value is limited to 1.0, calculated value is higher.

(c) Not applicable because site does not have RH-TRU waste.

Gardener Scenario

The estimated first-year probability of an LCF for the gardener exposed to CH-TRU waste, presented
in Table 2.3, ranges from 1.7E-04 to 5.0E-03, while the 30-year probability of an LCF ranges from
9.6E-03 to 0.063. The estimated first-year probability of an LCF to the gardener from exposure to RH-
TRU waste ranges from 1.4E-04 to 2.2E-03, while the 30-year probability of an LCF ranges from 3.6E-03
t0 0.012. The highest estimated first-year probability of an LCF from exposure to CH-TRU waste was at
the SRS with Pu-238 contributing 91% of the dose by the inhalation pathway. The highest estimated first
yzar probability of an LCF from exposure to RH-TRU waste was at Hanford where Cs-137, Sr-90, Am-241,
and Pu-239 together contributed 96% of the dose. The external pathway contributed 62% to the radiation
dose, the rest was split approximately evenly between inhalation and ingestion pathways.
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Scavenger Scenario

The estimated maximum probability of an LCF to a scavenger from exposure to CH-TRU waste
ranged from 6.4E-04 to 0.019. The highest impacts for CH-TRU waste were estimated at RFETS with
Am-241 and Pu-239 contributing 87% of the dose by the inhalation pathway. The estimated probability
of an LCF to the scavenger from RH-TRU waste ranges from 6.9E-04 to 0.012. The highest probability of
impacts for RH-TRU waste were estimated for Hanford, where Cs-137 contributed 88% of the dose by the
external pathway.

Farmer Scenario

Of all the intruder scenarios, estimated impacts for the farm intruder scenario were substantially higher
than any of the other scenarios. This was because the farm intruder scenario had the most exposure routes
and exposure time of all the scenarios, compounded with undiluted waste concentrations. In fact, in the
first few years’ exposure, health impacts for the farm intruder scenario for all sites were estimated to be
highest possible (i.e., probability of cancer equal to 1.0). The health impacts between CH- and RH-TRU
waste were generally equivalent, although there were fewer sites that contain RH-TRU waste. The esti-
mated first-year probability of an LCF ranged from 0.24 to 1.0 for CH-TRU waste and 0.27 to 1.0 for RH-
TRU waste. The RFETS had the highest estimated health impacts for the CH-TRU waste farm intruder
scenario (1.0 probability of an LCF in the first year). The inhalation pathway accounted for 78% of the
RFETS dose, while ingestion accounted for 21%. The radionuclides contributing the greatest were Am-241,
Pu-239, and Pu-240 with 58%, 29%, and 12% of the dose, respectively. For the RH-TRU waste, the
Hanford Site had the highest estimated health impacts for all scenarios. The highest estimated first-year
probability of an LCF from exposure to RH-TRU waste was at Hanford where Sr-90 and Cs-137 together
contributed 88% of the dose. The ingestion pathway contributed 62%, and the external pathway contri-
buted 32% to the first year’s dose. For the 30-year exposure farmer scenario, the estimated probability of
an LCF for all sites was 1.0. Noncarcinogenic radiation impacts such as radiation pneumonitis in the lungs
would likely occur.

2.3.2 Non-Radiological Impacts

Non-radiological impacts from exposure to heavy metals and organic chemicals are presented below
for the driller, gardener, scavenger, and farmer scenarios. Impacts are presented as both the probability of
cancer incidence from exposure to carcinogens and the potential for reaching the threshold for noncarcino-
genic health effects from exposure to non-carcinogens. As noted in Section 2.2, site-specific hazardous
chemical inventories were not available, so nc site-specific calculations were made. In general, impacts
from exposures to heavy metal in the intruder scenarios were estimated to be substantial, while impacts
from organic chemical exposure were much lower. Table 2.4 presents the results for exposure to heavy
metals, while impacts from organic chemical exposure are presented in Tables 2.5 and 2.6 for CH-TRU
and RH-TRU waste, respectively.
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Table 2.4. Impacts from Heavy Metal Exposures for All Intruder Scenarios®

Probability of Cancer Incidence ™
Scenario Beryllium Cadmium Lead Mercury
Driller 1.3E-07 1.4E-09
Gardener (30-year) 1.4E-03 1.5E-05 () (c)
Scavenger 1.7E-04 1.8E-06
Farmer (30-year) 1.09 0.02
Noncarcinogenic Impact™
HI* or Fraction of PEL®
Scenario
~ Beryllium Cadmium Lead Mercury
Driller . CH: 27
7 .
(PEL) 1 0.098 RH: 3000 12 '
Gardener (First Year) CH: 36
(HI) 0.078 0.11 RH: 3900 77
Scavenger CH: 1,400
(PEL) ) i 52 RH:160,000 620
Farmer (First Year) CH:48,000
(HI) 100 15 RH:5,200,000 100,000

(a) Impacts from exposure to hazardous chemicals were assumed to be the same at all sites.

() Results were independent of whether the waste was CH-TRU or RH-TRU except where noted.

(c) Contaminant does not have known carcinogenic effects.

- (d) Value is limited to 1.0, calculated value is higher.

(¢) Hazard index of greater than 1 .0 would predict the occurrence of the chemical specific
noncarcinogenic health effect.

(f) PEL is the OSHA permissible exposure level averaged over an 8-hour work day.

Driller Scenario

For the driller scenario, the estimated probability of cancer incidence from exposure to heavy metals
was 1.3E-7 or less. Chemical noncarcinogens in the CH-TRU driller scenario were in general 10 to 30
times above the PEL allowed in short-term occupational settings. However, in the RH-TRU waste, lead
was 3,000 times the PEL at all sites. No health effects would be expected from exposure to organic
chemicals at any site in the driller scenario. The maximum cancer incidence probability is 7E-9 from
exposure to 1,1,2,2-tetrachloroethane in CH-TRU waste, and the maximum fraction of PEL concentration
is 2E-3 for 1,1,2,2-tetrachloroethane for both CH- and RH-TRU waste.

Gardener Scenario
The estimated probability of cancer incidence from exposure to chemical carcinogens in the gardener

intruder scenario for beryllium and cadmium were estimated to be 1.4E-03 and 1.5E-05, respectively. For
the CH-TRU chemical noncarcinogens, lead and mercury were estimated to have an Hl of 36 and 77,
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Table 2.5. Impacts from CH-TRU Organic Chemical Exposures for ail Intruder Scenarios®

Probability of Cancer Incidence ®
Hazardous Chemical Driller Gardener (30-year) Scavenger Farmer (30-year)
Carbon Tetrachloride 2E-11 ' 2E-07 2E-08 2E-04
Chlorobenzene NA®
Chloroform 4E-12 4E-08 5E-9 SE-05
Methyl Ethyl Ketone NA®
Methylene Chloride 3E-12 3E-08 3E-09 4E-05
1,1,2,2-Tetrachloroethane TE-09 8E-05 - 9E-06 0.1
Toluene NA® '
1,1-Dichloroethylene 2E-12 2E-08 2E-09 2E-05
1,2-Dichloroethane 5E-12 5E-08 7E-09 TE-05 .
Noncarcinogenic Impact
HI® or Fraction of PEL®
Driller Gardener - Scavenger Farmer
Hazardous Chemical (PEL) (First Year) (HI) (PEL) (First Year) (HI)

Carbon Tetrachloride 5E-05 0.01 3E-03 15
Chlorobenzene 3E-06 "2E-3 2E-04 3
Chloroform ] 1E-05 1E-04 SE-04 0.2
Methy! Ethyl Ketone - 1E-06 3E-05 6E-05 0.03
Methylene Chloride 2E-06 7E-04 1E-04 0.9
1,1,2,2-Tetrachloroethane 2E-03 NA® 0.1 NA®
Toluene TE-07 3E-05 4E-05 0.04
1,1-Dichloroethylene NA® 2E-05 NA® 0.03
1,2-Dichloroethane 6E-07 NA® 3E-05 NA®

(a) Impacts from exposure to hazardous chemicals were assumed to be the same at all sites.

(b) Contaminant does not have known carcinogenic effects.

©

@
(¢)
®

Hazard index of greater than 1.0 would predict the occurrence of the chemical-specific noncarcinogenic
health effect.

PEL is the OSHA permissible exposure level averaged over an 8-hour work day.

Contaminant does not have a reference dose.

Contaminant does not have a PEL.

NA = Not applicable.
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Table 2.6. Impacts from RH-TRU Organic Chemical Exposures for all Intruder Scenarios®

NA = Not applicable.

Probability of Cancer Incidence
Hazardous Chemical Driller Gardener (30-year) Scavenger Farmer (30-year)
Carbon Tetrachloride 7E-12 7.8E-08 9E-09 1.0E-04
Chlorobenzene NA®
Chloroform 3E-12 3.4E-08 4E-09 4.5E-05
Methy! Ethyl Ketone NA®
Methylene Chioride 4E-12 4.4E08 SE-09 5.9E-05
1,1,2,2-Tetrachloroethane 6E-09 6.1E-05 7E-06 0.081
Toluene NA®
1,1-Dichloroethylene 2E-12 1.7E-08 2E-09 2.2E-05
1,2-Dichloroethane 6E-12 6.4E-08 8E-09 8.5E-05
Noncarcinogenic Impact
HI® or Fraction of PEL*“
Driller Gardener Scavenger Farmer
Hazardous Chemical (PEL) (First Year) (HI) (PEL) (First Year) (HI)
Carbon Tetrachloride 2E-05 4.9E-03 1E-03 6.5
Chlorobenzene 4E-06 ; 2.8E03 2E-04 3.7
~ | Chlorofornx 9E-06 9.9E-05 SE-04 0.13
Methyl Ethyl Ketone 1E-06 2.9E-05 6E-05 0.038
Methylene Chioride 3E-06 1.1E-03 2E-04 14
1,1,2,2-Tetrachloroethane 2E-03 NA® 0.09 NA®
Toluene 9E-07 3.4E-05 5E-05 0.045
1,1-Dichloroethylene NA® 2.4E-05 NA® 0.032
1,2-Dichloroethane TEQ7 NA® 4E-05 NA®
(@ Impacts from exposure to hazardous chemicals were assumed to be the same at all sites.
(b) Contaminant does not have known carcinogenic effects.
(¢) Hazard index of greater than 1.0 would predict the occurrence of the chemical-specific noncarcinogenic
~ health effect.
(d) PEL is the OSHA permissible exposure level averaged over an 8-hour work day.
(¢) Contaminant does not have a reference dose.
(f) Contaminant does not have a PEL.
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respectively. The lead HI was 3,900 for RH-TRU waste, and all other HIs were below 1.0. An HI of 1.0
or greater would indicate that the intake exceeds the reference dose, and that effect would be expected in
the affected individual. No health effects would be expected from exposure to organic chemicals at any
site in the gardener scenario. The maximum cancer incidence probability is 8E-5 from exposure to 1,1,2,2-
tetrachloroethane, and the maximum first year HI is 0.01 from exposure to carbon tetrachloride in CH-
TRU waste.

Scavenger Scenario

In the scavenger scenario, the probability of cancer incidence does not exceed 1.7E-4, However,
the air concentrations of hazardous metals were estimated to be substantially above the PELs for all the
hazardous metals. The concentrations were estimated to be 5.2, 91, 620 and 1,400 times the PEL for cad-
mium, beryllium, mercury, and lead in CH-TRU and up to 160,000 times the PEL for lead in RH-TRU.
No health effects would be expected from exposure to organic chemicals at any site in the scavenger
scenario. The maximum cancer incidence probability is 9E-6 from exposure to 1,1,2,2-tetrachloroethane
in CH-TRU waste, and the maximum fraction of PEL concentration is 0.1 for 1,1,2,2-tetrachloroethane
for CH-TRU waste.

Farmer Scenario

For the farmer scenario, the impacts were the highest. The carcinogenic impacts included a 1.0
probability of cancer incidence from exposure to beryllium in TRU waste. The carcinogenic impact from
cadmium was a probability of cancer incidence of 0.02. The noncarcinogenic HI impacts were 15, 100,
48,000 and 100,000 for cadmium, beryllium, lead, and mercury in CH-TRU waste and were estimated to
be up to 5,200,000 for lead in RH-TRU waste. Assumptions were made that were very conservative in this
and the other scenarios. First, it was assumed that, however unlikely, someone would try to farm directly
on TRU waste. Second, it was assumed that all the heavy metals were in a powder form and were availa-
ble for resuspension and respiration. These two assumptions produced substantially high estimated
impacts. Calculated impacts could be lessened by adjusting these assumptions.

_ Potential impacts from CH-TRU were greater than those from RH-TRU. The probability of cancer
incidence was 0.1 for the farmer from exposure to 1,1,2,2-tetrachloroethane in CH-TRU waste. The
maximum HI was 15 for carbon tetrachloride. Therefore, some health effects would be expected from the
farmer’s exposure to organic chemicals.
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3.0 Long-Term, Lifetime Exposure Analysis

This chapter describes the analysis of potential impacts from long-term, lifetime exposure to
radionuclides and hazardous chemicals in TRU waste under the SEIS-II No Action Alternative 2 after
loss of institutional control at major generator/storage sites. Earlier NEPA analyses of the no action
alternative in the FEIS (DOE 1980) and SEIS-I (DOE 1990) did not address long-term environmental
and human-health impacts. The assumptions in these earlier analyses were that TRU wastes would be
in indefinite storage at generator/storage sites and that institutional control, with effective monitoring
and maintenance of storage facilities, would be sufficient to preclude any site impacts. These earlier
analyses focused on expected site operations associated with treatment and storage.

Under the SEIS-II No Action Alternative 2, TRU waste would not be emplaced at the WIPP. TRU
waste would be consolidated at 10 major generator/storage sites during a 35-year waste generation per-
iod with the waste placed in retrievable storage consistent with current practices. Current storage con-
figurations include surface and buried storage: soil-covered asphalt or concrete pads, shallow trenches,
aboveground earthen berms, covered enclosures, storage buildings, and, for RH-TRU waste only, bur-
. ied caissons. The waste would remain in the assumed storage configurations for a 100-year period of
 institutional control. During this period, effective monitoring, surveillance, and maintenance of storage
facilities was assumed sufficient to prevent the release of contaminants. At the end of the 100-year
period, institutional control was assumed to be lost and stored waste and associated facilities begin to
degrade, allowing waste to be released to the accessible environment. Long-term, lifetime exposure
analysis of impacts began at this point; no impacts were evaluated during the institutional control
period.

For the long-term, lifetime exposure analysis, human-health impacts were evaluated for 10,000 years
following the loss of institutional control, on the basis of 70-year lifetimes for individuals and 70-year
periods for populations. Impacts were estimated at seven of the 10 major generator/storage sites:
Hanford, INEEL, LANL, LLNL, ORNL, RFETS, and SRS. The analysis focused on these seven
‘major sites because 99% of the estimated TRU waste volume and inventory would be generated/stored
there. Other sites considered but not examined in this analysis include ANL, Mound, and NTS.
Transport through air and groundwater were considered for exposure of individuals and population.
Individuals were assumed to be exposed directly through air and groundwater pathways. Populations
were exposed via the atmospheric and surfacewater pathways, with groundwater providing the trans-
port of contaminants to surfacewater. Croundwater was not considered as a direct exposure pathway
for populations because it is not a substantial water source for the populations considered.

This chapter describes the methodology and models used for the long-term, lifetime exposure ana-
lysis. The TRU waste generator/storage sites and site-specific inventories used are described next, and
then the waste configuration and release scenarios are defined. The transport and exposure scenarios
used are also described, including the maximally exposed individual (MEI) and populations potentially
exposed at each waste generator/storage waste site. Finally, the estimated impacts from long-term,
lifetime exposures to radionuclides and hazardous chemicals are presented.
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3.1 Methodology

Potential human health impacts from exposure to radionuclides and hazardous chemicals were con-
sidered in this analysis. Impacts from exposure to ionizing radiation from radionuclides was evaluated
for the potential to cause latent cancer fatalities (LCFs). Impacts from exposure to hazardous chemicals
were evaluated for the potential to cause cancer and noncarcinogenic health effects. These three types
of impacts are directly related to the three types of unit health impact factors (UIFs) computed for this
study. To facilitate such an effort, the modular risk analysis (MRA) methodology was used as
described below.

3.1.1 Modular Risk Analysis Methodology

The MRA methodology was developed by Pacific Northwest National Laboratory and Advanced
Sciences, Inc., to facilitate regional-scale risk analysis. This methodology is described in several docu-
“ments (Strenge and Chamberlain 1995; Whelan et al. 1995) and presentations (Whelan et al. 1994).
The MRA methodology was developed for regional and site-wide risk computations involving a large
number of release sites and contaminants with different waste forms and for various environmental

settings and transport and exposure pathways.

The MRA methodology is based on the assumptions of linearity between the release site source,
environmental transport, and impacts at the receptor. By determining the linearity of the system,
the methodology can be divided into compartments that can be implemented both independently and
concurrently. The compartments of the MRA methodology are 1) contaminant mass at the source,
2) determination of contaminant-release rate from the source, 3) transport modeling of the contaminant
into the environment (environmental concentrations at the receptor location), 4) exposure assessment
for dose to receptor (maximally exposed individual or population), and 5) estimation of risk at the
receptor.

The MRA methodology is based on the following general description for risk/hazard:
Health Impact = P x RF x URF 3.1)

where health impact = estimated probability of adverse effects (carcinogenic risk for radionuclides
and chemical carcinogens and hazard quotient for noncarcinogenic consti-
tuents) from a contaminant at a receptor. -

P = probability of the release event (unitless).
RF = releasable fraction of the source (unitless).
URF = health impact associated with a contaminant at a receptor, based on a unit

quantity at the source and has a unit of health impact per source mass.
(NOTE: Source mass is often expressed as a source activity for radioactive
contaminants.)
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Therefore, the URF, is determined as follows:
URF = [(Q x UFF) ® UTF] x UDF x UIF 3.2)

where Q estimated mass of contaminant at the source in grams or curies

UFF = time series of contaminant-release-rate fluxes designated as contaminant mass per time

divided by unit contaminant mass.

UTF = time series of environmental concentrations at a receptor produced from the UFF for
groundwater, air, surfacewater, and soil media (expressed as contaminant mass per
volume of medium divided by unit contaminant mass per time).
dose to an organism from a unit concentration for a given exposure pathway. For
chemicals, UDF is expressed as contaminant mass per body mass per time divided by
unit contaminant mass per volume of contaminant in the environment at the receptor
point. For radionuclides, UDF is expressed as contaminant total dose (rem) divided
by unit contaminant mass per volume of contaminant in the environment at the recep-
tor point.

UIF = unit health-impact factor that provides the dose-conversion factor for radionuclides,
cancer potency factor for chemical carcinogens, or reference dose for noncarcino-
genic contaminants. For radionuclides, UIF is expressed as cancer fatalities divided
by unit contaminant total dose. For chemical carcinogens, UIF is expressed as cancer
incidence divided by unit contaminant mass per body mass per time. For chemical
noncarcinogens, UIF is expressed as hazard quotient divided by unit contaminant
mass per body mass per time.

S

The UTF and UFF require the convolution of time series, and those products can be combined with the
UDF by straight multiplication. Whereas Equation (3.2) describes the link between the different unit
factors involved in computing the URF, Equations (3.3) through (3.6) describe each unit factor that
was developed to compute URFs. Note that the UFF and UTF are time series and need to be convo-
luted together. The source, UDF, and UIF are multipliers.

F
UFF = - (3.3)

s,

" where F, = contaminant-flux-release rate from the TRU waste form in grams per year or curies per
year.

S, = unit source mass in grams or source activity in curies.

The UFF includes the probability of release and the release-factor fraction for a given scenario.

C, (3.4)
UTF = —
F‘
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where C, = contaminant concentration at the receptor, based on transport through the appropriate
medium in grams per cubic meter or curies per cubic meter divided by grams per year
Or curies per year (air), grams per square meter or curies per square meter divided by
grams per year or curies per year (soil), or grams per milliliter or curies per milliliter
divided by grams per year or curies per year (water).

F, = unit contaminant flux in grams per year or curies per year.

UDF = 2. @3.5)
E—- .

unit dose from the contaminant in grams of contaminant per kilogram of body mass per
day or total dose (rem) to a human at the receptor.

C, = unit concentration at the receptor in grams per cubic meter or curies per cubic meter
divided by grams per year or curies per year (air), grams per square meter or curies per
square meter divided by grams per year or curies per year (soil), or grams per milliliter
or curies per milliliter divided by grams per year or curies per year (water), based on
contaminant transport through the appropriate medium.

where D,

UFF = ] (3.6)
DII
where R, = risk associated with a unit dose as risk per gram of contaminant per kilogram of body
mass per day or risk per total dose.
D, = unit dose to a human in grams of contaminant per kilogram of body mass per day or total
dose (rem).

The URFs were developed for the different environmental settings of the seven major generator/
storage sites. Environmental settings were assumed to have homogeneous climatology, hydrology, and
geologic characteristics (see Section 3.2 and Appendix C). Therefore, the URF is representative of the
impacts from a release site within a region, not actual impacts. The local climatology, hydrology and
geologic characteristics for this analysis were developed and published in Holdren et al. (1995).

Conceptual site models were developed for each environmental setting associated with a storage
site. These conceptual site models define the relationship between the source contaminant at the release
sites and the health impacts at the receptors. The important components associated with these relation-
ships are the “untaminants of interest, waste-source types and forms, release mechanisms, exposure
media, and receptor types. For this analysis, the probability of a release or exposure event is assumed
to be 1.0. Likewise, it is assumed that sources are in a releasable form such that the releasable fraction
of the source is equal to 1.0.

Once the waste configuration and TRU waste forms for each environmental setting have been iden-

tified, the release mechanisms need to be selected. For this analysis, infiltration of contaminants to
groundwater and surfacewater were considered. Suspension, volatilization, and overland-flow release
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mechanisms also were considered. The resulting release rate (contaminant flux) for each release mech-
anism also depends on the TRU waste form. In addition, the solubility of each contaminant in the TRU
waste form has potential for being an important factor in determining contaminant-release rates. This
analysis considered two different TRU waste forms: 1) soil/debris, and 2) cement. An analysis of the
solubility limits for the primary TRU waste contaminants at each site was conducted (see Appendix B), and
results were incorporated into computations of contaminant fluxes.

The UFFs were generated using a computer model (Streile et al. 1996) to simulate the release of
contaminants from a source term. The model directly considers contaminated soil/debris and solidified
(cemented) TRU waste forms. The contaminant is removed from the source by simultaneously evalu-
ating degradation or decay, groundwater leaching, atmospheric volatilization, and soil erosion by wind
suspension and overland runoff, as appropriate. Because of potential solubility issues associated with
the TRU waste forms analyzed, the contaminant mass (Q) was included with the UFF to produce total
flux factors. These were subsequently convoluted with the UTFs, thereby resolving the solubility issue.

The UTF represents the environmental fate and transport component of the unit factor method-
ology. The UTF value is based on 1 g (1 Ci) of contaminant at the source per year, which, after being
transported through a specific environmental medium, ultimately arrives at the receptor exposure point.
An important transport parameter linked to the exposure points is the transport distance from the source
to the receptor. The transport distance for groundwater analysis is a well 300 m directly downgradient .
from the source, assumed centerline of the plume. The atmospheric transport distance is at least 100 m
away from but within an 80-km radius of the release point. The UTF is media dependent.

UIF relates the chemical intake or radiation dose to a risk or hazard index, as appropriate, for each
contaminant. Both UIF and UDF are defined for intake or exposure routes of inhalation, ingestion,
and external radiation.

Finally, both MEI and population endpoints were considered. MEI endpoints influence UDF
calculations by defining dose intake factors and UTF calculations by defining the exact location of the
receptor. The combination of these factors requires the convolution of time series and straight multi-
plication. The UFF and UTF are time series at different locations. The UFF is the time series of con-
taminant-release rate from the source, while the UTF is the time series of contaminant concentration at
the receptor point. Equation (3.7) provides the convolution method used to combine the series.

URY¥ = [Q x UFF] ® UTF(v) = ﬂQ x UFF(t)] x UTF(t-t)dt (3.7
0 R

Once the convolution is completed, all the factors can be combined based on Equation (3.2) to
provide health risk or hazard quotient impact values.

The units for air UTFs are eid{er 1) grams of contaminant per cubic meter of air divided by gram

per year of contaminant at the source, or 2) curies of contaminant per cubic meter of air divided by
curie per year of contaminant from the source. The units for soil are either 1) grams of contaminant

35



per square meter of soil divided by gram per year of contaminant from the source, or 2) curies of
contaminant per square meter of soil divided by curie per year of contaminant from the source. The
units for surfacewater or groundwater are either 1) grams of contaminant per milliliter of water divided
by gram per year of contaminant from the source, or 2) curies of contaminant divided by milliliter of
water curie per year of contaminant from the source.

The UDF involves an average daily intake in grams of contaminant per kilogram of body mass per
day for chemicals or a lifetime radiation dose in rem for radionuclides. The calculations for population
risk were computed in two basic media, surfacewater and air. Population UDF and UIF values are
calculated according to Equations (3.5) and (3.6) for individual UDF and UIF values. The difference
being that the population UEF risk values in the output files must be taken from files generated specifi-
cally for population exposures. The specific population data used for this analysis is derived from site-
specific information. The UDF values differ from UIF values in that the population UDF is evaluated
using average parameter values instead of 90th percentile values used for MEI impacts. There are no
population UDF and UIF for noncarcinogenic chemicals. -

For atmospheric transport, the same approach is inappropriate because the distances and directions
between individuals can vary greatly. The varying distances imply that concentrations to which differ-
ent individuals are exposed also can vary greatly. To adjust for differences in concentration, an effec-
tive atmospheric population value is used. The effective atmospheric population in an angular segment
is equal to the population in the angular segment times the concentration in the same angular segment
divided by the peak concentration. The peak concentration is the concentration used in the MEI calcu-
lation. The total effective population is the summation of the effective population for each angular seg-
ment. Because dispersion is unique to each contaminant, the effective population was computed for
each contaminant. To compute the atmospheric population risk, the effective population is multiplied
by the MEI risk. Equation (3.8) shows how the effective atmospheric population is computed.

i=1 p C.
EAP, = 1 3.8
) %7 PC. 3.8)

J .
where EAP; = effective atmospheric population for contaminant j (number of people).
AS = angular segment (160 based on 16 directions and 10 distances [unitless]).
P, = population assigned to angular segment I (number of people).
C,; = contaminant j atmospheric concentration for angular segment I (grams or curies per
cubic meter).
PC; = peak contaminant j atmospheric concentration (gram. r curies per cubic meter).

3.1.2 MEPAS Computer Code

The potential health impacts from exposure to radionuclides and hazardous chemicals were evalu-
ated with a DOE-developed computer code. The Multimedia Environmental Pollutant Assessment
System (MEPAS) code was used to calculate contaminant fluxes from the source, environmental fate
and transport to the receptor point, and toxicological impacts and carcinogenic risks from hazardous
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chemicals and radionuclides (Droppo et al. 1989a, 1989b; Whelan et al. 1987; Strenge and Peterson
1989; Buck et al. 1995; Streile et al. 1996). A brief discussion of the key components of these codes
used in this analysis follows.

The MEPAS code integrates and evaluates contaminant release, transport, and exposure pathways
for chemicals and radioactive releases according to their potential human-health impacts. MEPAS is a
physics-based approach that couples contaminant release, migration, and fate for environmental media
with exposure routes and chronic health consequences for radionuclides and hazardous chemicals
(carcinogenic and noncarcinogenic effects). Figure 3.1 shows a simplified diagram of how MEPAS
works.

Contaminant release from the waste zone was modeled by MEPAS source-term model (Streile et al.
1996; Buck et al. 1995). In general, the mass or activity of a contaminant in the source zone decreases
over time because of contaminant removal by first-order degradation or radioactive decay, leaching to
the groundwater, wind suspension, surfacewater erosion, and volatilization. .

Hazardous airborne and waterborne radioactive and hazardous contaminant transport in mulitiple
media was evaluated by the MEPAS atmospheric model (Whelan et al. 1987; Droppo et al. 1989a,
1989b). The MEPAS atmospheric model considers the input of suspension and volatilization-release
rates to compute transport and dilution, washout by cloud droplets and precipitation, and deposition on
the underlying surface cover. The atmospheric model uses climatological information on wind speed

Inputs Transport Pathways Exposure Routes Outputs
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User-Supplied Pathway [P Airberse "’..,‘ ]
Infermation Inhalation
-Contaminant- Overland _L
Release Rate =" | Pathway Sarface - -
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ealth-
~Contaminant © = Impact
Characteristics Sarfa: ter . Parameters
o Pathway .
-Site/Region
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=Petentia} —> Contact
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Groundwater Zone ‘
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Contact =
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Figure 3.1. Simplified Diagram Outlining Various Linkages of MEPAS
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and direction, precipitation, and atmospheric stability to compute average air and surface contamination
concentrations. Contaminant transport is assumed to occur sufficiently fast so that chemical transfor-
mation can be neglected.

The MEPAS waterborne transport model (Whelan et al. 1987; Droppo et al. 1989a, 1989b) con-
sists of two main models: 1) groundwater, and 2) surfacewater. These transport models can be run
either separately or linked to provide environmental concentrations at specified receptor points. For
each waterborne transport pathway, contaminant retardation is described by an equilibrium coefficient,
K,. First-order degradation or decay is assumed for all contaminants that do not result in toxic decay
products. On reaching the environmental receptor point, radiological decay is corrected using the
Bateman equation, and the model subsequently computes the temporal distribution of each decay

progeny.

Results from the different transport pathway models are used as input to the exposure model to
calculate the human-health impacts for each contaminant. The following exposure routes are con- * -
sidered to determine the potential exposure of individuals and the surrounding population: 1) dermal
contact (not used in this analysis), 2) external exposure from radionuclides, 3) inhalation, and
4) ingestion. Each exposure route is evaluated to obtain an estimated average daily human exposure
from each contaminant. The daily exposure rates are then converted, using mathematical models, to
average individual risk factors for radiomuclides, carcinogenic chemicals, and noncarcinogenic chemicals.

3.2 TRU Waste at Generator/Storage Sites

The following subsections describe the regional settings, TRU waste-storage facilities, and local
environmental setting data and parameters for the seven major generator/storage sites considered in this
analysis. Additional site-specific environmental setting information is presented in Appendix C.

3.2.1 Hanford Site

Hanford occupies an area of about 1,450 km® of land desert in southeastern Washington State,
about 191 km southwest of the city of Spokane and 240 km southeast of the city of Seattle (Figure 3.2).
Located in Benton, Franklin, and Grant counties, Hanford is about 50 km long north to south and
40 km wide east to west. It is located north of the confluence of the Snake and Yakima rivers with the
Columbia River. The Columbia River flows through the northern part of Hanford and tums south,
forming part of Hanford’s eastern boundary. The Yakima River, along part of the southern boundary,
joins the Columbia River below the city of Richland, which bounds Hanford on the southeast. Rattle-
snake Mountain, Yakima Ridge, and Umtanum Ridge form the western and southwestern boundaries of
Hanford. The Saddle Mountains are located on Hanford’s northern boundary. The cities of Richland,
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Kennewick, and Pasco (commonly referred to as the Tri-Cities) are the nearest population centers
(Pacific Northwest Laboratory 1992). The northern border of the city of Richland extends to Han-
ford’s southern border near the 300 Area.

The site is located on the intermontane Columbia Plateau, with topography dominated by basalt -
plateaus, ridges, and buttes. Major rock units are from oldest to youngest: the Columbia River flood
basalts and the Ringold Formation, consisting of unconsolidated fluvial sediments, coarse-grained gla-
cial sediments (referred to as the Hanford formation and also informally referred to as the Pasco

gravels).

The uppermost unconfined aquifer at Hanford occurs primarily within sediments of the Hanford
and Ringold Formations. The hydraulic conductivity in the Ringold Formation is more than ten times
lower than in the Hanford formation (Thorne and Chamness 1992). Before wastewater disposal began
at Hanford, the unconfined aquifer was almost entirely within the less-transmissive Ringold Formation
sediments (Thorne and Newcomer 1992). However, wastewater-disposal operations in the 200-East -
and 200-West areas have created groundwater mounds at these locations, and the water table is now
in the more-transmissive Hanford formation over much of the eastern portion of the site (Thorne and
Newcomer 1992). As a result of the shutdown of Hanford production facilities, the water table is
declining. This decline in the water table should continue until new equilibrium conditions are reached
(Newcomer et al. 1992). Deeper confined aquifers are found within the Columbia River basalts.

The Columbia River is the only significant surfacewater at Hanford and forms a major discharge
point for groundwater at the site. The Hanford Reach is the portion of the river that extends from
Priest Rapids Dam (upstream of Hanford) to the head of Lake Wallula (downstream of Hanford).
Another surfacewater feature in the vicinity of Hanford is the Yakima River. This river approaches
Hanford’s southwestern boundary and discharges into the Columbia River about 12 km south.

The TRU waste generated since 1970 have been retrievably stored within the two operational areas
at Hanford (200-East and 200-West). The CH-TRU waste is generally stored on asphalt pads in steel
drums separated by plywood and plastic-reinforced nylon sheeting and are covered with about 1.2 m
(4 ft) of soil to reduce direct radiation exposure. The RH-TRU waste is stored either in caissons or
packaged with sufficient shielding to meet the external dose rate requirements for CH-TRU. Waste
unsuitable for asphalt pad or caisson storage because of size, chemical composition, security require-
ments, or surface radiation have been packaged in reinforced wood, concrete, or metal boxes and
stored in dry waste trenches.

3.2.2 Idaho National Engineering and Environmental Laboratory
The INEEL site is located in the southeastern part of Idaho, approximately equidistant from

Yellowstone National Park; Salt Lake City, Utah; and Boise, Idaho (Figure 3.3). The INEEL is
situated along the western edge of the eastern Snake River Plains at an elevation of 1,500 m and
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encompasses a desert area of about 2,300 km®. The site extends 63 km from north to south and is
about 58 km wide at this broader southern part. The nearest major community is Idaho Falls (popu-
lation about 46,000), located about 64 km east of INEEL.

The TRU waste at INEEL has been stored within the Radioactive Waste Management Complex
(RWMC). More complete descriptions of the INEEL, the RWMC, the TRU waste-storage and
-examination facility, and the TRU waste stored on the Transuranic Storage Area pads can be found
in DOE (1986). TRU waste generated since 1970 has been segregated from other wastes within the
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complex and are stored on asphalt pads in steel drums, steel boxes, and fiberglass-covered wooden
boxes. Some waste buried at the RWMC before 1970 is contaminated with TRU radionuclides. For
this analysis TRU waste was assumed to be stored in the RWMC setting (see Figure 3.3).

3.2.3 Lawrence Livermore National Laboratory

The LLNL occupies 3.3 km? in the Livermore Valley, a depression within the Diablo Range of the
California Coast Range Province (Figure 3.4). LLNL has two separate sites: the main Livermore site
and Site 300. The main site is located near the eastern boundary of the city of Livermore, California,
about 55 km east of downtown San Francisco. Site 300 is located in the Altamont Hills of the Diablo
Range, about 24 km east of the main site. The area surrounding LLNL is used for residential, indus-
trial, commercial, and agricultural activities.

Small amounts of mixed wastes (about 214 m*) currently are stored at the LLNL main site as a
result of laboratory operations in connection with nuclear weapons research and development. A small
percentage of these wastes are mixed RH-TRU waste that are subject to land-disposal restriction require-
ments. The mixed TRU waste consists of 1) inorganic debris, which includes scrap metal, metal shav-
ings, and lead bricks; 2) aqueous liquids from metal etching; and 3) organic liquids, such as spent
solvents. For this analysis, TRU waste was assumed to be stored in the main setting (see Figure 3.4).

3.2.4 Los Alamos National Laboratory

The LANL empasses 110 km? in northcentral New Mexico and is located on long, narrow mesas,
whose tops range in elevation from 2,400 on the flanks of the Jemez Mountains to about 1,900 m at
their eastern termination above the Rio Grande Valley. LANL is situated about 97 km north-northeast
of Albuquerque, New Mexico, and 40 km northwest of Santa Fe (Figure 3.5).

Since 1971, TRU waste has been packaged and stored in either subsurface trenches or aboveground
earthen berms at the waste-burial site. Two types of packaging generally have been used. Small items
have been stored in 208-L steel drums (sealed and coated with bituminous corrosion-protection mate-
rial), and larger items have been placed in plywood crates (sealed and coated with fiberglass-reinforced
polyester). Plywood storage crate sizes vary considerably, with a maximum length of about 9 m. For
this analysis TRU waste was assumed to be stored in the Mesa Tops setting (see Appendix C).

3.2.5 Oak Ridge National Laboratory

The ORNL is located on 36 km? in the southcentral portion of the 140-km? Oak Ridge Reservation
(ORR) (Figure 3.6). The ORR is located about 32 kin west of Knoxville, Tennessee, in the rolling
terrain between the Cumberland and Great Smoky mountains. The land surrounding the ORR is pri-
marily rural, dominated by agricultural and residential land. The main laboratory area (designated as
the X-10 facility) takes up only about 15% of the ORR grounds.
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Figure 3.6. Location and Environmental Settings for the Oak Ridge Reservation

The TRU waste is generated in the main ORNL complex, primarily in the Isotopes Area and the
Radiochemical Engineering Development Center. Newly generated CH-TRU waste is packaged in
stainless steel drums at the point of generation and is transported within the site boundary to the TRU
waste-storage area. For purposes of this analysis, TRU waste was assumed to be stored in the Knox
environmental setting (see Appendix C).

3.2.6 Rocky Flats Environmental Technology Site

The RFETS is located east of the foothills of the Rocky Mountains about 26 km northwest of
Denver, Colorado (Figure 3.7). The RFETS is situated in a generally rural area outside the Denver
metropolitan area, with some ranches and industrial facilities located nearby. The installation occupies
27 km?, with its facilities centrally located on only about 6% of the property. The topography of the
RFETS is relatively flat.
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Figure 3.7. Location and Environmental Settings for the Rocky Flats Environmental Technology Site

The RFETS has two major surface drainages. The northern half of the installation drains into
Walnut Creek, a low-flow stream that flows through a series of small ponds on the plant property
before eventually discharging into the Great Western Reservoir several kilometers east of the RFETS.
Flow in the creek is primarily storm flow. Natural drainage on the southern half of the property feeds
into Woman's Creek. Much of the storm flow and runoff from the facilities area is diverted to a drain-
age ditch that parallels Woman’s Creek. Waters from the southern half of the property discharge to

Standley Lake, a major surfacewater body located south and east of the installation.

The Rocky Flats Plant Supercompaction and Repackaging Facility and TRU Waste Shredder would
process solid waste that is newly generated during routine production operations, maintenance activi-
ties, and laboratory-support operations and inay process waste in permitted storage. The Colorado
Department of Health currently recognizes eight permitted storage areas at the RFETS for TRU mixed
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waste. The areas differ in size for a total permitted storage capacity of 1,224 m®. The storage units are
within existing structures having concrete floors covered with epoxy paint and fenced areas within the
buildings, which allow segregation of the storage facility from adjacent operations. For this analysis
TRU waste was assumed to be stored in the Operable Unit 3 setting.

3.2.7 Savannah River Site

The SRS is located in the southwestern portion of South Carolina, about 20 km south of Aiken,
South Carolina, and 40 km southeast of Augusta, Georgia (Figure 3.8). The installation occupies
800 km?, with about 10% of the property being used to support facilities and operations (Arnett et al.
1993). '

The SRS is bounded on the south by the Savannah River for about 32 km, about 260 km upriver
from the Atlantic Ocean. Five major streams at the SRS feed into the Savannah River: Upper Three
Runs Creek, Four Mile Creek, Pen Branch, Steel Creek, and Lower Three Runs Creek. Other sur- -
facewater bodies at the site that feed into the five streams include PAR Pond, L Lake, Tims Branch,
Tinker Creek, and Meyers Branch (Arnett et al. 1993). In all but one environmental setting developed
for the SRS (the P-R Area setting), surface and subsurface drainage from both upland and lowland
areas flow into creeks flowing southward into the Savannah River.

The TRU waste at the SRS is in retrievable storage on concrete pads or buried in shallow trenches.
The waste is contained in concrete and steel boxes, concrete culverts, and galvanized steel drums
covered with 1.2 m of soil or tornado netting (in use since 1985). For this analysis, TRU waste was
assumed to be stored in the GS-TNX-D Area setting (see Appendix C).

3.3 Contaminant Source Term

This section describes the inventory of radionuclides and hazardous chemicals used in the long-
term, lifetime exposure analysis. The initial inventory considered was the SEIS-II No Action Alterna-
tive 2 Basic Inventory, described in Section 3.0 and Appendix A of the WIPP SEIS-II. However, the
radionuclide inventories have been decayed an additional 100 years from those shown in the WIPP
SEIS-II to account for the radiological decay occurring during the institutional control period.

Inventory information from Appendix A of the WIPP SEIS-II showed there were 61 radionuclides,
four inorganic substances, and 10 organic compounds that could be present in TRU waste at the varinus
generator/storage sites. To concentrate data-collection efforts and analysis time on those contaminants
that would contribute most to associated site hazards, screening analyses were conducted for the differ-
ent contaminant groups. Sections 3.3.1, 3.3.2, and 3.3.3 describe the screening that was performed
for radionuclide, heavy metal, and organic compound inventories, respectively.
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Figure 3.8. Location and Environmental Settings for the Savannah River Site

The complete list of contaminants evaluated in long-term, lifetime exposure analyses is shown in
Table 3.2. The screening analyses resulted in a total of 32 contaminants of concern: 18 radionuclides,
four heavy metals, and 10 organic compounds. Radionuclides were further screened for importance in
the air and water pathways. Once this list was developed, an effort was made to obtain improved
values for certain contaminant properties at specific sites. The contaminant-diffusion coefficient in
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Table 3.2. Contaminants Included in Long-Term Lifetime Exposure Analyses

Contaminant of Concern

Type

Airborne
Radionuclide

Waterborne
Radionuclide

Americium-241

X

Americium-243

X

Carbon-14

Curium-243

Curium-244

Cesium-137

Europium-152

Nepwunium-237

Protactinium-233

Plutonium-238

Plutonium-239

Plutonium-240

™

Plutonium-241

Radium-226

Strontium-90

L R B

Uranium-233

Uranium-234

Uranium-235

Lead

Beryllium

Cadmium

Mercury

Carbon tetrachloride

Chloroform

Methylene chloride

1,1 Dichloroethylene

™

Methyl ethyl ketune

1,1,2,2-Tetrachloroethane

Toluene

Chlorobenzene

o[ | e |

1,2 Dichloroethane

™

1.1,1-Trichloroethane
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porous cement, required to model contaminant release from cemented TRU waste forms, and con-
taminant solubility, required to model the solubility bounding case, were evaluated (see Appendix B).
Once the updated set of contaminant parameters was developed, actual waste-zone contaminant-release
calculations were performed, and flux factors were generated.

3.3.1 Radionuclide Screening

The No Action Alternative 2 Basic Inventory radiomuclide inventory (decayed an additional 100 years)
for CH- and RH-TRU waste is presented in Tables A-36 and A-37 in WIPP SEIS-II Appendix A. The
screening analysis for radionuclides examined separately transport and exposure by the air and water
pathways. For the air pathway analysis, it was assumed that unit amounts of waste, soil, or debris,
with radionuclide concentrations proportional to their inventories, were suspended by wind and trans-
ported through the air to a hypothetical receptor. The radiation dose resulting is a function of the
radionuclide inventory and radionuclide-specific inhalation dose factor. Radionuclides were ranked by
their contribution to the radiation dose. The largest individual radionuclide contributors and all those
contributing 90% of the total screening dose were designated as the airborne radioactive contaminants
of concern. These radionuclides are shown in Table 3.2.

Leaching through the vadose zone to the groundwater was the second screening pathway consid-
ered. Contaminants must be present in large enough quantities to potentially affect human health
through this pathway. Also, the site must have the necessary climatology and surface-soil characteris-
tics to percolate enough water to leach the contaminant from the waste zone and transport it through the
vadose zone. The contaminant then must be transported through the aquifer to a groundwater well,
which feeds the associated surfacewater medium. There, it must be present in high enough concentra-
tions, with sufficient toxicity, to impact human health. Finally, radioactive contaminants must have
long enough halif-lives to sustain significant quantities of the contaminant during the time required for
transport.

To conduct this screening, slightly simplified MEPAS runs were made. These runs used all the
release-site data and assumed unit inventories for each contaminant. The release from the waste zone
was assumed to be controlled by contaminant K, values (i.e., the release was from a soil/debris TRU
waste form and was not solubility limited). Transport through the environment also was controlled by
the contaminant K, values. Because of the importance of the assumed K, values, all MEPAS-generated
radionuclide K, values were reviewed and improved with site-specific data, where available (see
Appendix B, Table B.3). These MEPAS runs produced unit risk factors for each contaminant/site pair
that were multiplied by the site-specific inventory to establish the estimated risk for each contaminant at
each site. Relative risks for each radionuclide were again compared and ranked. Radionuclides that
contributed 99% of the total relative risk were designated as waterborne contaminants of concern.
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3.3.2 Heavy Metal Screening

The No Action Alternative 2 Basic Inventory heavy metal inventory is shown in Table A.5.
Reliable inventory data generally were not available for the heavy metals. As a result, a qualitative
screening method was used.

Lead shielding is used to reduce surface-dose rates to acceptable levels for RH-TRU waste con-
tainers. Lead, therefore, becomes a major part of the total waste mass and is included on the list of
contaminants of concern. Lead from personal protective equipment also is a major contaminant in
CH-TRU waste. Inventory estimates for beryllium, cadmium, and mercury were available from DOE
(1995a). These contaminants were added to the list of contaminants of concern as well. Other heavy
metals, such as chromium, were not included on the list because of the lack of available inventory data.

3.3.3 Organic Contaminant Screening

The No Action Alternative 2 Basic CH- and RH- TRU Inventory for organic contaminant is shown
in Tables A.6 and A.7. As with inorganic contaminants, little reliable inventory data were available
for the organic contaminants. Some data reported in DOE (1996a), however, could be used as an
indirect indication of volatile organic concentrations. DOE (1996a) summarizes the results of a head-
space-sampling and -analysis study conducted on TRU waste from INEEL and RFETS. That study
sampled approximately 930 drums of varying waste types to determine a weighted-average head-
space/gas composition that could be used for all. TRU waste. The weighted values were screened using
the concentration toxicity-screening technique presented by the U.S. Environmental Protection Agency
(EPA) (1989). This screening provided a list of carcinogenic and noncarcinogenic contaminants that
accounts for over 99% of the human-health risk resulting from migration in air.

This list of contaminants of concern was adopted as the organic contaminants of concern, with one
exception; carbon disulfide was not actually detected in any of the head-space analyses. Carbon disul-
fide is presented in this analysis in cases where no data were available because one-half of the calcu-
lated sample quantitation limit was used as the assumed head-space concentration. Even so, carbon
disulfide accounted for <2% of the noncarcinogen human-health impact. As a result, carbon disulfide
was not included as an organic contaminants of concern. Data were available for two other contami-
nants: 1,2-dichloroethane and 1,1, 1-richloroethane. These were added to the eight screened contami-
nants to give a total of 10 organic contaminants of concern.

3.3.4 Additional Inventory for Radionuclides

I addition to the No Action Alternative 2 Basic Inventory, the potential impacts of radionuclides in
the SEIS-II Additional Inventory were evaluated for contribution to the aggregate impacts from all sites
over 10,000 years. The Additional Inventory was not analyzed in the SEIS-II No Action Alternative 2
but was analyzed for Action Alternatives 1, 2, and 3. This inventory includes TRU waste, mainly
buried waste, that currently exists and would remain at the sites under No Action Alternative 2. Under
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No Action Alternative 2 it would not be treated or undergo any additional management. Table A.8
shows the CH- and RH-TRU Additional Inventory for radionuclides by site, decayed an additional
100 years to account for the institutional control period.

3.4 Waste Configuration and Release Scenarios

This section describes the assumptions used in the source-term-release analysis, which provides the
contaminant-flux factors in the MRA methodology approach. Topics include a general conceptual site-
model for buried and surface-stored TRU waste, assumptions governing the release of contaminants
from the TRU waste-form categories, contaminants of concern considered in this analysis, and sample
outputs resulting from source-term-release calculations. The contaminant-flux factors developed for the
buried and surface-stored TRU waste are used to evaluate human health impacts from atmospheric,
groundwater, and surfacewater media associated with each of the seven generator/storage sites.

- 3.4.1 Conceptual Model for Contaminant-Release Scenarios -

The overall geometric configuration of the waste-storage zone, the assumed degradation of the
waste-storage zone, and how the distribution of the TRU waste forms within the zone affect the magni-
tude and areal extent of the contaminant-release fluxes from the zone are discussed below. These con-
figurations and assumption are important in defining the source and the release of TRU contaminants
into the environment. Based on these data, the contaminant-release fluxes can be defined for both sur-
face and buried waste sites that are critical for defining transport and exposure scenarios.

3.4.2 Waste-Storage Configuration

The following assumptions were made for the analysis of buried TRU waste: 1) all TRU waste is
contained in 55-gal (208-L) drums (91.4 cm tall) stored together in one shallow burial zone; 2) four
layers of drums are stacked on an asphalt or concrete pad, with plywood sheets between the layers and
on top; and 3) 1.2 m of contaminant-free soil are backfilled over the layers of drums. This overall con-
figuration is illustrated in Figure 3.9. ' ’

For the analysis of surface-stored TRU waste, the initial waste-zone configuration is similar to that
for buried TRU waste. It is assumed that four layers of drums are stacked on an asphalt or concrete
pad, with plywood sheets between the layers and on top. The stacked drums are placed in metal stor-
age buj'dings, instead of being buried. This overall configuration is illustrated in Figure 3.10.

The vertical dimension of the waste zone for both buried and surface-stored configurations is
approximately 3.7 m. The drums are placed as closely to one another as is possible in a rectangular
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grid arrangement. Because of this configuration, the volume of the waste zone is larger than the
volume of the TRU waste itself. The ratio of waste-zone and waste-drum volumes for a rectangular

grid arrangemert is as follows:
where N = number of drums
r = drum radius
h = drum height.

[N(2r)*(4h)/(NTtr 2(4h)] =4/n
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Waste-zone volumes for each TRU waste-form category are calculated for each site by muitiplying
the corresponding volumes reported in Table A.5 by 4/%. These overall waste-zone volumes are
reported in Table 3.3. The horizontal cross-sectional areas of each TRU waste-form category for each
site can be calculated by dividing the waste-zone volumes by 3.7 m. These areas, along with the rela-
tive amounts of buried and surface stored waste for each site, also are shown in Table 3.3.

Table 3.3. Overall Waste-Zone Volumes and Horizontal Areas for each Waste-Form Category

by Release Site

Volume (m®) Area (m’) Zone Configuration (%)

Release Site | Soil/Debris | Cement | Sol/Debris | Cement Buried Surface
Hanford 200E 55,300 0 15,200 0 13.6 86.4
Hanford 200W 55,300 0 15,200 0 13.6 86.4
INEEL 33,400 6,230 9,150 1,710 49.9 50.1
LANL 17,300 9,800 4,740 2,690 37.9 62.1
LLNL 1,480 39.7 406 10.9 0.0 100.0
ORNL 5,350 1,680 1,470 460 15.2 84.8
RFETS 10,700 3,090 2,940 848 0.0 100.0
SRS 13,091 2,280 3,590 624 11.6 88.4

3.4.3 Assumed Degradation

The ability of storage buildings, waste-configuration components, waste containers, and TRU waste
forms to contain contaminants needs to be considered when modeling the long-term release of contam-
inants. The following discussion provides an overview of these considerations, in terms of their effect
on the long-term release of contaminants from TRU waste.

3.4.3.1 Facility

The surface-storage scenario assumes that TRU waste is housed in metal storage buildings. These -
buildings would degrade relatively quickly over the 10,000-yea1 evaluation period. This chiefly is due
to the lack of maintenance after the loss of institutional control. Therefore, metal storage buildings and
enclosures were assumed to offer no protection, and the surface-storage scenario was modeled as if the
stacked waste drums were not sheltered for the 10,000-year period. Facility degradation was not
applicable to the buried TRU waste scenario.
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3.4.3.2 Waste Configuration

Components of the TRU waste-form configuration were assumed to degrade quickly relative to the
10,000-year evaluation period. Degradation of the plywood or the storage building would allow the
spaces between the drums to fill with soil from the surface layer of the site. Likewise, once storage
buildings degrade, the drums themselves would degrade at an accelerated rate, further altering the
waste configuration.

It also was assumed that the asphalt or concrete pad would be cracked or otherwise degraded for
essentially the entire 10,000-year evaluation period. This would allow infiltrating water to percolate
through the waste zone, pass through the cracked or degraded pad, and move through the remainder
of the vadose zone directly beneath the waste zone.

Volatilization losses of organic contaminants were assumed to be zero in the buried-waste scenario
to establish a bounding case for groundwater contamination. In contrast, holes readily would develop
in waste drums in the surface-stored scenario, causing most of the volatile organic inventory to be lost
through volatilization. Therefore, the entire organic inventory was assumed to release through volatili-
zation during the first year in the surface-stored scenario. '

3.4.3.3 Waste Containers

The integrity and longevity of the drums also would be a factor in contaminant release from the
waste zone. Both the surface-stored and buried scenarios assumed that TRU waste would be contained
in mild steel, U.S. Department of Transportation 17-c drums. Corrosion rates for mild steel drums are
quite high, even when buried in favorable, dry environments. Drum lives of less than 100 years would
be expected. Once the storage enclosure or building degrades to the point where waste drums would
be directly exposed to the elements, stored TRU waste drums would be expected to degrade more
rapidly than buried TRU waste drums. Because the expected life of the waste drums is relatively short
compared to the 10,000-year evaluation period, no credit was taken for containers in the analysis.

3.4.3.4 Cemented TRU Waste Form

The cemented TRU waste form was assumed to initially be a solid block having the same size and
shape as a 55-gal (208-L) drum. Cemented monoliths are known to crack and degrade into porous
material over time. Unfortunately, the theory for modeling the transition from a solid block to porous
material and its effect on contaminant release is not well developed. It was assumed, therefore, that the
cement waste blocks would remain intact for the first 500 years and then catastrophically fail. After
failure, the waste zone was assumed to act as a porous material.

3.4.4 Distribution of TRU Waste Forms

The horizontal cross-sectional area of the source zone is a required modeling input parameter. In
reality, all drums of a given TRU waste-form category would not be emplaced in a single location
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within the waste zone. Rather, they would likely be interspersed with drums containing other TRU
waste-form categories. To simplify the analysis, however, it was assumed that any specific areal loca-
tion contains drums of only one TRU waste-form category over the four vertical layers. It also was
assumed that the waste zone was composed of a random distribution of “reasonably large” subareas of
drums of only one TRU waste-form category. Each subarea is of sufficient size so that contaminant
release is controlled by the physics and chemistry of that subarea’s TRU waste-form category alone.
Therefore, contaminant release from the waste zone can be modeled in two parts (one for each waste-
form category) using the conceptual mathematical models described in Section 3.1 and the appropriate
fractional inventories and areas for each TRU waste-form category.

Contaminant mass flux is the output of source-term calculations for the subarea of each TRU waste-
form category. Because the subareas were assumed to be uniformly dispersed throughout the waste
zone, the mass flux of any contaminant from the two waste-form categories could be summed to deter-
mine the total mass flux of that contaminant over the cross-sectional area. Mass fluxes over the total
waste-zone area are required inputs for subsequent transport simulations. .

3.4.5 Contaminant-Release Scenarios

An overview of contaminant-release scenarios from the different TRU waste forms for both the
surface-stored and buried waste configurations follows. Geochemical controls that may limit the con-
taminant release from the overall waste zone also are discussed.

The overall rate of contaminant-mass loss from the waste zone is the sum of five different pro-
cesses: decay, leaching, wind erosion, water erosion, and volatilization. The buried-waste scenario
assumes a 1.2-m (4-ft) cover layer of soil that significantly reduces TRU waste interaction with surface-
erosion/dispersion mechanisms. Leaching and decay, therefore, are the only two loss processes con-
sidered for the buried-waste scenario.

A “multimedia” scenario was used for surface-stored releases. Water erosion, wind suspension,
and volatilization were considered in addition to leaching and decay. This scénario assumes that there
is no cover layer, and contaminant transport by water erosion and wind suspension begins at the start of
the analysis. The effects of different TRU waste forms on each of the five different loss processes are
discussed below. -

3.4.5.1 Soil/Debris TRU Waste Form

The contaminants in soil/debris waste forms were assumed to be present either in the pore aqueous
solution, in the pore vapor phase, or adsorbed to the porous medium particles. For radionuclides and
metals, the contaminant also may be present in a solid phase (precipitates) if its inventory is higher than
the capacity of the aqueous, vapor, and sorbed phases to contain it (i.e., solubility control). Similarly,
for organic chemicals, the contaminant also may be present in an organic liquid phase (free product) if
its inventory is higher than the capacity of the aqueous, vapor, and sorbed phases to contain it (i.e.,
solubility control). Unless this waste form is buried, all five loss processes potentially can occur.
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Degradation/decay is assumed to be a first-order process. Therefore, the mass-flux equation for
contaminant loss from the source zone by degradation/decay is given by:

[ﬁ - oM (3.10)
» dt 1 3

where (dM;/dt),.,, = contaminant-mass loss rate resulting from decay for contaminant I (g/yr or
Ci/yr).
M; = mass lost from decay for contaminant I (grams or curies).
t time period of decay process (years).
A, = first-order degradation/decay coefficient for contaminant I (yr™).

» When there is no solubility-controlled solid phase (for radionuclides and metals) or organic liquid

phase (for organic chemicals) present, leaching loss of the contaminant is assumed to occur by
desorption-controlled advective transport of the contaminant by previously clean water percolating
through the porous waste. The waste zone is assumed to be a so-called “well-mixed reactor.” There-
fore, the mass-flux equation for contaminant release from the source zone by leaching in this instance
is given by: '

am|  uwm o)
dt |, OR_(b,-d) '

contaminant-mass loss rate resulting from leaching for contaminant I (g/yr or
Ci/yr).

where (dM/dt),..

U = Darcy water-flux density of water infiltrating through the source zone (cm/yr)
6, = volumetric water content of the soil (dimensionless)
R,; = standard retardation factor for contaminant I (dimensionless)
h, = initial distance from soil surface to bottom of the contaminant-source zone (cm)
d, = initial distance from soil surface to bottom of the clean soil layer (cm).
and retardation factor is defined by:

R, =1+ ei K, (.12)
where B = soil bulk density (g/cm’)
= linear equilibrium sorption coefficient for contaminant I (cm®/g). The contaminant-
specific linear equilibrium sorption coefficient used in this analysis is given in
Appendix B (Table B.3).

e
|
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when a clean layer of soil exists on top of the waste zone, and is given by:

[dMi U M,
—_ - (3.13)

6_R_[b, - (E +S) 1]

where E = volumetric rate of soil removal by water erosion, per area (cm/yr)
S = volumetric rate of soil removal by wind suspension, per area (cm/yr).

when the waste zone is exposed to the atmosphere, and water erosion and wind suspension are remov-
ing contaminated soil from the zone.

When the aqueous concentration of the contaminant is controlled by solubility, the mass-flux equa-
tion for contaminant loss from the source zone by leaching is given by:

dM,
_1 --vac, (3.14)
at L |

where A = horizontal cross-sectional area of the source zone (cm?)
C,, = concentration of contaminant I in the aqueous phase (g/cm® or Ci/cm®).

In this instance, C,, is just equal to the solubility if the contaminant is a radionuclide or metal.
However, if the contaminant is an organic chemical (present in an organic liquid mixture), C,, is
calculated by a more complicated algorithm that uses an analogue to Raoult’s Law if the mole fraction
of the contaminant in the liquid phase is close to one, an analogue to Henry’s Law (i.e., the octanol-
water partition-coefficient concept) if the mole fraction of the contaminant in the liquid phase is close
to zero, and a linear interpolation for the region in between.

Water erosion and wind suspension are assumed to strip soil particles from the soil surface at a
constant rate. If these processes are stripping away clean soil above a waste zone, their associated

contaminant mass-flux terms are equal to zero. If the waste zone is exposed to the atmosphere, the
mass-flux equations for contaminant loss from the source zone by water erosion and wind suspension

are given by:
) Lw

where (dM/dt)_.. = contaminant-mass loss rate resulting from water erosxon for contaminant I
(g/yr or Ci/yr)
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M, o SM (3.16)
dt| . b -(E+S

where (AMy/dt)peniee = cONtaminant-mass loss rate resulting from wind suspension for contaminant I
(g/yr or Cilyr).

3.4.5.2 Cemented Waste Forms

For cemented waste forms, the distribution of contaminants between different phases within the
porous cement is not accounted for explicitly in the theory. Decay and leaching are the only loss proc-
esses that are assumed to occur. Decay of the overall contaminant mass in the waste form is again
assumed to occur according to Equation (3.10). Infiltration water percolating through the waste zone
was assumed to not penetrate the waste forms. Rather, leaching loss is caused by this water, picking
up contaminants as they diffuse through the water-filled pores of the cement from the interior to the
waste-form surface. The mass-flux equation for contaminant release from the source zone by leaching
(if diffusion from within the cement limits the release) is given by:

dM. el A D,
| = eM e |2 (3.17)
dt }o..h v, Tt
where M,, = initial total mass or activity of contaminant I in the source zone for a cemented waste
form (g or Ci)
A, = total external surface area of the cemented waste forms in the contaminant source zone
(cm®)
V. = total volume of the cemented waste forms in the contaminant source zone (cm®)

effective diffusion coefficient of contaminant I in a cemented waste form (cm?/yr).

nU
]

The phase distribution of the contaminant within the cement is implicitly expressed in the contami-
nant’s effective diffusion coefficient in the cement. The contaminant-specific diffusion coefficients used

in this analyses are given in Appendix B (Table B.4).
3.4.5.3 Geochemical Controls on Waste-Form Leaching

When the waste is a cemented waste form, leached contaminants do not immediately move out of
the bottom of the waste zone. Because we assume that the space between these drum-shaped waste
forms is filled with soil, the leached contaminants enter this soil zone before exiting the bottom of the
waste zone with the percolating water. If the physical and chemical processes in this soil zone are such
that contaminant leaching from the soil is slower than the leaching from the waste form itself, then
this step of the release process is the limiting step. Therefore, the source-term-release module com-
pares the leaching mass flux calculated by Equation (3.17) with the leaching mass flux calculated by
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