





























































































































































































































































































































Appendix E Risk from Accidents

. Only the bounding toxic chemical evaluation exceeded ERPG-3, while the nominal
evaluation was well below 1.00 for ERPG-3, suggesting that the noninvolved worker
population would not receive an exposure that would result in any permanent health
effects.

For the next nearest noninvolved worker population (1,500 workers at 1,780 m [5,840 ft]), the
cumulative acute hazard ratio was 1.20E+00 for ERPG-1, indicating that only mild, irreversible
irritant effects would be anticipated. For the MEI general public, the cumulative acute hazard ratio
was less than 1.0 for all ERPGs and no acute health effects would be expected.

Under bounding conditions, the cumulative acute hazard ratios for the MEI noninvolved worker and
nearest noninvolved worker (335 workers at 290 m [950 ft]) were 7.31E+02 and 2.65E+00,
respectively for ERPG-3, indicating the potential for irreversible health effects that could be life
threatening. These acute hazard ratios were primarily attributable to:

. Sodium (approximately 83 percent of the total hazard ratio); and

. Calcium (approximately 10 percent of the total hazard ratio).

Based in the discussion presented above, even through the acute hazard ratio exceeded ERPG-3, the
noninvolved worker population would not experience irreversible health effects.

For the next nearest noninvolved worker and MEI general public, the cumulative acute hazard ratios
were 1.74E+00 and 1.42E+00, respectively for ERPG-1, indicating that only mild, transient irritant
effects would be expected.

Under both nominal and bounding conditions, the probability of a seismic event is 1.40E-02.

E.3.3.4 Occupational Injuries and Fatalities from Operations

The number of operation personnel was estimated at 1.04E+05 person-years (Jacobs 1996) during
100 years of routine operations. The total recordable injuries or illnesses, lost workday cases, and
fatalities were calculated as follows:

Total Recordable Cases = (1.04E+05 person-years) * (2.2E+00 incidences/100 person-years) =
2.29E+03

Lost Workday Cases = (1.04E+05 person-years) * (1.1E+00 incidences/100 person-years) =
1.14E+03

Fatalities = (1.04E+05 person-years) - (3.2E-03 fatalities/100 person-years) = 3.33E+00

E.3.4 POST-REMEDIATION ACCIDENT

The post remediation accident for the Long-Term Management alternative would be the tanks
collapsing due to an earthquake, as discussed in Section E.2.3. The radiological consequences to the
onsite population would result in approximately 42 LCFs. Exposure to toxic chemicals would exceed
the ERPG-3 threshold values by a factor of 2.25E+02.
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The radiological consequences to the offsite population would result in approximately 4 LCFs. The
population living closest to the Hanford Site would receive an exposure to toxic chemicals that would
exceed the ERPG-2 threshold value by a factor of 1.08E+01 indicating they would suffer from mild,
transient health effects.

E.3.5 SUMMARY OF ACCIDENTS

The potential consequences from nonradiological and nonchemical accidents that include occupational
and transportation impacts are summarized in Table E.3.5.1. The LCFs associated with representative
accidents for each component of the alternative are summarized in Table E.3.5.2 along with the
probability of the accident. The chemical hazards associated with representative accidents for each
component of the alternative are summarized in Table E.3.5.3. The chemical hazard is expressed as an
exceedance of the ERPG threshold values.

Table E.3.5.1 Summary of Potential Nonradiological/Nonchemical Accident Consequences
Total Recordable Cases Lost Workday Cases Fatalities

Occupational Transportation Occupational Occupational Transportation

Construc- |Operation (Truck/ (Commuter {Construc- {Operation |Construc- [Operation |Truck/ }Commuter
tion Rail tion |tion Rail

3.7E+02 []2.3E4+03 ]2.9E+00 |2.1E+03 [9.2E+01 |1.1E+03 |1.2E-01 |[3.3E+00 {1.5E-01 |2.6E+01

Table E.3.5.2 Summary of Potential Radiological Accident Consequences

Component Hazard Probability Latent Cancer Fatalities
Worker Noninvolved Worker General Public
MEI Population MEI Population MEI Population
nominal nominal nominal nominal nominal nominal

bounding | bounding | bounding | bounding | bounding| bounding

Continued spray leak  |2.2E-01 4.7E-02 |4.7E-01 7.7E-03  |2.9E-01 4.2E-05 |8.9E-02
: 1

Operation 1.0E+00 |1.0E+01 1.0E+00 |6.6E+00 {9.6E-04 [2.0E+00

Continued flammable |7.2E-01 3.1E-02 3.1E01 3.8E-03 5.3E-02 1.1E-05 1.0E-02
Operation > |gas

1.0E+00 {1.0E+01 1.0E+00 {9.9E+00 2.1E-03 |1.9E+00

BDBA Earthquake |1.4E-02 9.7E-02 |9.7E-01 2.3E-02 1.6E-01 3.5E-05 3.1E-02

' 1.0E4+00 |1.0E+01 1.0E+00 |1.1E+01 2.3E-03 2.1E+00
Post- Earthquake |8.0E-04 N/A N/A 2.8E4+00 |4.2E+01 3.1E-03 3.7E+00
Remediation
Accident N/A N/A N/A N/A N/A N/A
Notes:

! Tank waste transfer operations

2 Unstabilized tank waste storage

BDBA = Beyond Design Basis Accident
N/A = Not applicable
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Table E.3.5.3 Chemical Exposures Resulting from Potential Operations and Transportation Accidents

Component Hazard Receptor Chemical Exposure
Acute Hazard Acute Hazard Acute Hazard
(ERPG-1) (ERPG-2) (ERPG-3)
nominal bounding | nominal bounding | nominal bounding

Continued Mispositioned Worker population 1.3E+02., 6.8E+00,, 2.7E+00¢,
Operations - | jumper resulting LD LD LD
waste transfer |in spray release. |nrroninvolved worker 3.0E+00,, <1.0 <1.0

Probability of

accident is 1.0E+014,, 5.4E+004,, <1.0

2.2E-01 4.4E+00cn

MEI general public <1.0 <1.0 <1.0
<1.0 <1.0 <1.0

Continued Hydrogen Worker population 8.2E+00,,, 1.6E+00,, 3.8E+00¢,
Operations - deflagration in 1.9E+02, 9.6E+00.,
waste tank storage tank. LD LD LD
storage Probability of MEI noninvolved worker 1.7E+02,,, 3.2E+01,, 9.4E+00,,
;ngeo"l‘ is. 3.8E+03,, 2.0E+02c, 7.9E+01,,
) 1.2E+04,,, 2.3E+03,,, 4.5E+02,,,
9.3E+03., 4.8E4+02, 1.9E+02,,

Noninvolved worker 1.4E+01, <1.0 <1.0

population at 290 m (950 ft)  14.5E4-01,,, 8.4E+00;,, 1.7E+0;,,
3.4E+01., 1.7E+00.,

Noninvolved worker <1.0 <1.0 <1.0

population at 1780 m <1.0 <1.0 <1.0

MEI general public <1.0 <1.0 <1.0
<1.0 <1.0 <1.0

Beyond Design | Seismic event Worker population 2.6E+00;, 6.2E+01, 2.5E+01,
Basis Accident |resulting in dome 1.2E+03.,
collapse of a LD LD LD
;j;’;;f;ﬂ‘?“k(;f MEI noninvolved worker 5.5E+01,,, 1.4E+0l,,, 2.6E+00,,,
oot g’ 2.5E+04c, 1.3E+03¢, 5.1E+02.,
1.4E-02 8.5E+04,,, 4 4E+04,,, 2.2E+034,,
3.6E+04., 1.8E+03., 7.3E+02,

Noninvolved worker 9.0E+01, 4 7TE+00, 1.9E+00,,

population at 290 m (950 ft) (3 [E+02,, 1.6E+02;,, 7.8E+00r,,
1.3E+02., 6.7E+00., 2.7E+00,,

Noninvolved worker 1.2E+00, <1.0 <1.0

f;%‘fgtg’)" at1.780m 4.1E+00;,, 2.2E+00;,, <1.0
1.7E+00.,

MEI general public <1.0 <1.0 <1.0
3.4E+00,, 1.8E+00;,, <1.0
1.4E+00.,

Post- Seismic event Onsite population at 100 m 6.6E+03,, 1.7E+03¢,, 3.1E+02,,,
Remediation resulting in dome 3.0E+06, 1.6E+05, 6.2E+04.,
Accident collapse of 177 | Onsite population at 290 m 2.4E+01,,, 6.3E+00;,, 1.1E+00;,,
storage tanks. 1.1E+04, 5.7E+02, 2.3E+02,
Probability of  [Gcite population at 1780 m | 1.5SE+02c, 7.6E+00c, 3.0E-+00¢,
accident is
8.0E-04 Offsite population at 16,100 m {1.1E+01, <10 <1.0
Notes:

C/1 = Corrosive/irritant effects
Tox = Toxic effects
LD = Lethal dose of radiation
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E.4.0 IN SITU FILL AND CAP ALTERNATIVE

Under this alternative, all excess liquid from the DSTs would be evaporated at the 242-A Evaporator.
The tanks would then be backfilled with gravel and a Hanford Barrier would be constructed over the
tanks. The waste in the MUSTs would be grouted in situ.

E.4.1 CONSTRUCTION ACCIDENTS
Although construction activities are limited for the In Situ Fill and Cap alternative, the potential exists
for accidents. The construction activities are discussed in Appendix B of the EIS.

The number of construction personnel was estimated at 7.25E+02 person-years (Jacobs 1996).
The number of total recordable injuries and illnesses, lost workday cases, and fatalities were calculated
using the incidence rates from Table E.1.2.1 as follows.

Total Recordable Cases = (7.25E+02 person-years) * (9.75E+00 incidences/100 person-years) =

7.07E+01
Lost Workday Cases = (7.25E+02 person-years) - (2.45E+00 incidences/100 person-years) =

1.78E+01
Fatalities = (7.25E+02 person-years) - (3.20E-03 fatalities/100 person-years) = 2.32E-02

E.4.2 TRANSPORTATION ACCIDENTS
Transporting activities associated with this alternative include:

. Transporting construction material from offsite for the waste transfer system upgrade
(W-314); '

. Transporting cement from offsite to grout MUSTSs;

. Transporting sand and gravel from the Pit 30 borrow site to grout MUSTs;

. Transporting earthen material from onsite borrow sites for the Hanford Barrier; and

. Employees commuting to work each day.

E.4.2.1 Radiological Cancer Risk

All operations would be conducted within established operating parameters for the tanks and would not
involve transporting radioactive materials by container. Therefore, there would be no radiological
cancer risks from transportation.

E.4.2.2 Chemical Exposure

Because there would be very limited transportation of toxic materials (e.g., lubricants for routine
operations), it is extremely unlikely there would be any accidents resulting in chemical exposures.
Therefore, transportation accidents involving chemical exposures were not quantified.
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E.4.2.3 Occupational Injuries and Fatalities

Truck Transport Accidents
Injuries and fatalities resulting from direct impact of transportation accidents are analyzed in this
subsection. Truck transportation activities to transport materials and supplies to the Hanford Site for
this alternative were estimated (Jacobs 1996) and are summarized in Table E.4.2.1.

The number of injuries and fatalities were calculated by multiplying the total distance traveled in each
zone shown in Table E.4.2.2 by the appropriate unit risk factors shown in Table E.1.3.1. The distance
traveled in the population zones were calculated using the methodology previously discussed in

Section E.1.3.

The expected injuries and fatalities resulting from transportation accidents associated with the In Situ
Fill and Cap alternative are summarized in Table E.4.2.3.

Employee Traffic

In addition to transporting materials and supplies to and from the Hanford Site by truck, site workers
and other personnel required to perform the various activities would be driving to the site in their
vehicles. The total person-years to perform the activities was estimated at 2.61E+04 (Jacobs 1996).
Each person was assumed to work 260 days of the year. The round-trip distance traveled to work from
the Tri-Cities area was estimated at 140 km (87 mi) with an estimated 1.35 passengers per vehicle
(DOE 1994a). The total employee vehicle distance was therefore calculated as follows:

(2.61E+04 person-years) * (260 days/year) - (140 km/day) - (1/1.35) = 7.0SE+08 km (4.37E+08 mi)

To calculate the expected number of injuries and fatalities resulting from vehicle accidents, the
injury/fatality rates discussed in Section E.1.3 were used. The expected number of injuries and
fatalities resulting from employee vehicle accidents were calculated as follows:

Injuries = (7.05E+08 km) - (7.14E-07 injuries’km) = 5.03E+02

Fatalities = (7.05E+08 km) - (8.98E-09 fatalities/km) = 6.33E+00

Table E.4.2.1 Summary of Transportation Activities for the In Situ Fill and Cap Alternative

Activity Cargo Trips Distance Total distance (km)
(rou(xl::l:rip) Onsite Offsite
Truck Rail Truck Rail
Retrieval

Construction | Sand/gravel 3.25E+02 1.00E+01 ' | 3.25E+03 N/A N/A N/A

(W-314) Excavation 2.29E+03 4.00E+00 9.17E+03 N/A N/A N/A
Backfill 2.75E+03 4.00E+00 1.10E+04 N/A N/A N/A
Site preparation | 3.43E+02 1.60E+01 5.49E+03 N/A N/A N/A
Concrete 6.42E+02 6.00E+00 3.85E+03 N/A N/A N/A

TWRS EIS E-89 Volume Four




Appendix E

Risk from Accidents

Table E.4.2.1 Summary of Transportation Activities for the In Situ Fill and Cap Alternative (cont’d)

Activity Cargo Trips Distance Total distance (km)
(km)
(round trip) Onsite Offsite
Burial 1.30E+01 1.60E+01 2.08E+02 N/A N/A N/A
Consumables 3.00E+00 1.40E+02% | N/A N/A 4.20E+02 | N/A
Cement 1.10E+01 8.00E+02° | N/A N/A N/A 8.80E+03
Steel 2.40E+01 8.00E+02° | N/A N/A N/A 1.92E+04
Remediation - Fill and Cap

Construction | Site preparation | 2.25E+03 1.60E+01 3.60E+04 N/A N/A N/A
Burial - 2.40E+03 1.60E+01 3.84E+04 N/A N/A N/A
Diesel 7.40E+01 1.40E+02% | N/A N/A 1.04E+04 | N/A
Consumables 1.20E+03 1.40E+02% | N/A N/A 1.68E+05 N/A

Operations - Burial 4.91E+03 1.60E+01 7.86E+04 N/A N/A N/A

tank fill
Sand/gravel 6.17E+04 1.00E+01 ' | 6.17E+05 N/A N/A N/A
Diesel 3.22E+02 1.40E+02 2% | N/A N/A 4.51E+04 | N/A

Closure

Grout tank Sand/gravel 1.66E+03 1.00E+01 ' | 1.66E+04 N/A N/A N/A

domes,

MUSTSs, and Concrete 3.11E+03 6.00E+00 1.87E+04 N/A N/A N/A

ancillary Diesel 3.82E+02 1.40E+02 % | N/A N/A | 535E+04 | N/A

equipment
Cement 3.00E+00 8.00E+02° | N/A N/A N/A 2.40E+03

Barrier Silt 3.09E+04 3.00E+01* | 9.26E+05 N/A N/A N/A
Sand/gravel 3.47E+04 1.00E+01 "' | 3.47E+05 N/A N/A N/A
Basalt 5.22E+04 3.20E+01° | 1.67E+06 N/A N/A N/A
Diesel 2.39E+03 1.40E+02% | N/A N/A 3.35E+05 | N/A
Asphalt 5.12E+403 1.40E+02% | N/A N/A 7.16E+05 | N/A
Fabric 2.00E+00 8.00E+02° | N/A N/A 1.60E+03 | N/A

Total km 3.78E+06 N/A 1.33E+06 3.04E+04

Notes:

! Round-trip distance from Pit 30 borrow site.

2 Round-trip distance from Tri-Cities area.

3 Round-trip distance from Portland/Seattle area.

4 Round-trip distance from McGee Ranch borrow site.

* Round-trip distance from Vernita Quarry borrow site.

N/A = Not applicable
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Table E.4.2.2 Distance Traveled in Population Zones for the In Situ Fill and Cap Alternative

Mode Urban' Suburban 2 Rural ?
Truck 6.65E+04 3.85E+06 1.20E+06
Rail 1.52E+03 1.52E+03 2.74E+04
Notes:

! Urban represents 5 percent of total offsite distance from Table E.4.2.1.
? Suburban represents 5 percent of total offsite distance and 100 percent total onsite distance from Table E.4.2.1.
? Rural represents 90 percent of total offsite distance from Table E.4.2.1.

Table E.4.2.3 Injuries and Fatalities Resulting from Truck Transportation Accidents for the
In Situ Fill and Cap Alternative

Mode Impact Urban Suburban Rural Total Total Injuries
Fatalities
Truck Fatality 4.99E-04 3.00E-02 6.34E-02 1.14E-01 N/A
Injury 2.46E-02 1.46E+00 9.58E-01 N/A 2.45E+400
Rail Fatality 2.58E-05 2.58E-05 4.65E-04 5.17E-04 N/A
Injury 5.02E-05 5.02E-05 9.03E-04 N/A 1.00E-03
Notes:

N/A = Not applicable

Cumulative Transportation Injuries and Fatalities
The cumulative nonradiological and nontoxicological injuries and fatalities incurred as a direct result of
traffic accident impacts are the sum of the truck transport and employee vehicle accidents. The results

are summarized in Table E.4.2.4.

Table E.4.2.4 Cumulative Injuries and Fatalities from Traffic Impacts for the In Situ Fill and Cap Alternative

Mode Fatalities Injuries
Truck transport 1.14E-01 2.45E+00
Employee vehicle 6.33E+00 5.03E+02
Total 6.44E+00 5.06E+02

E.4.3 OPERATION ACCIDENTS
The potential exists for accidents resulting from operation activities. The operations are discussed in

Appendix B.
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This analysis separates and analyzes operations according to the following modes of operation:

. Continued operations - These operations have been previously discussed in No Action
alternative; and

. Treatment - After excess liquid has been removed from the tank waste the tanks are
filled with gravel.

The dominant accident scenarios analyzed in the following subsections were selected from the Accident
Screening Table (Table E.4.3.1). The accidents listed in Table E.4.3.1 were taken from the Accident
Analysis Data Package (Shire et al. 1995 and Jacobs 1996). The methodology of screening was
previously discussed in Section 1.1.2.

E.4.3.1 Continued Operation Accident - Tank Waste Transfers

The dominant continued operations accident during tank waste transfers is the mispositioned jumper
accident previously discussed in the No Action alternative (Section E.2.2.1) and summarized as
follows:

Source-term - The source-term resulting from a spray release in Section E.2.2.1.1 was calculated to be
52 L (14 gal).

Probability - The frequency of a mispositioned jumper in Section E.2.2.1.2 was 1.1E-02 per year.
The In Situ Fill and Cap alternative was based on 12 years of operations. Therefore, the probability
was calculated to be 1.3E-01.

Radiological Consequences - The radiological consequences presented in Table E.2.2.2 were
reproduced in Table E.4.3.2.

Radiological Cancer Risk - The LCFs calculated in Section E.2.2.1.4 are the same for the In Situ Fill
and Cap alternative however, the LCF risk (point estimate) is not the same due to the difference in
probabilities. The LCFs and the LCF risk are calculated in Table E.4.3.3. The bounding scenario
calculations show all 10 workers would potentially receive fatal dose and would assumably die directly
after the exposure if the accident occurred. Approximately seven noninvolved workers would receive
fatal cancers, and two LCFs would be incurred to the general public. The nominal scenario
calculations show there would be no LCFs.
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Table E.4.3.1 Accident Screening Table for the In Situ Fill and Cap Alternative
Activity Hazard Cause Severity Annual Risk
Frequency
Mode - Treatment

In Situ Fill | Over 4.4.2.1 Ferrocyanide reaction Low BDBA 2

and Cap Pressurization 4.4.2.2 Organic reaction Low BDBA 2
Fire 4.4.2.3 Flammable gas burn Low BDBA 2
Tank Collapse [4.4.1.1 Partial tank dome collapse due to live load Moderate |BDBA 3
Deflagration Jacobs 1996 Rock slinger ignites gas plume in tank Moderate |EU 6

Notes:

A = Anticipated 1E-2 to 1 (value = 4)

BDBA = Beyond design basis accident 1E-7 to 1E-6 (value = 1)

EU = Extremely unlikely 1E-6 to 1E-4 (value = 2)

High = Onsite fatalities, offsite exposure > 1E-1 rem (value = 4)

Low = Onsite exposure < 5 rem, offsite exposure insignificant (value = 2)

Moderate = Onsite exposure > 5 rem, offsite exposure < 1E-1 rem (value = 3)
No = Negligible onsite and offsite impacts; <0.005 rem onsite, < 0.0001 rem offsite (value = 1)

U = Unlikely 1E4 to 1E-2 (value = 3)

Table E.4.3.2 Dose Consequence from Mispositioned Jumper

Receptor Dose CEDE (person-rem)
Nominal Scenario Bounding Scenario
MEI worker 5.88E+01 1.33E+03
Workers (10)' 5.88E+02 1.33E+04
MEI noninvolved worker 1.92E+01 4.35E+02
Noninvolved worker (1,835)' 7.23E+402 1.64E+04
MEI general public 8.44E-02 1.91E+00
General public (114,734)' 1.77E+02 4.01E+03
Notes:
! Number of people in exposed population
CEDE = Committed effective dose equivalent
MEI = Maximally-exposed individual
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Table E.4.3.3 Latent Cancer Fatality Risk from Mispositioned Jumper

Receptor Dose CEDE LCF/rem LCF' Probability LCF Risk
(person-rem) (point estimate)

Nominal Scenario

MEI worker 5.88E+01 8.00E-04 4.70E-02 1.32E-01 6.21E-03

Workers (10) 2 5.88E+02 8.00E-04 4.70E-01 1.32E-01 6.21E-02

MEI noninvolved worker 1.92E+01 4.00E-04 7.68E-03 1.32E-01 1.01E-03

Noninvolved workers (1,835) ? 7.23E+02 4.00E-04 2.89E-01 1.32E-01 3.82E-02

MEI general public . 8.44E-02 5.00E-04 4.22E-05 1.32E-01 5.57E-06

General public (114,734) 2 1.77E+02 5.00E-04 8.85E-02 1.32E-01 1.17E-02
Bounding Scenario

MEI worker 1.33E+03 lethal 1.00E+00 |1.32E-01 1.32E-01

Workers (10) ? : 1.33E+04 lethal 1.00E+01 |1.32E-01 1.32E+00

MEI noninvolved worker 4.35E+02 lethal 1.00E+00 |[1.32E-01 1.32E-01

Noninvolved workers (1,835) 2 1.64E+04 4.00E-04 6.56E+00 |1.32E-01 8.66E-01

MEI general public 1.91E+00 5.00E-04 9.55E-04 1.32E-01 1.26E-04

General public (114,734) ? 4.01E+03 5.00E-04 2.01E+00 |1.32E-0l 2.65E-01

Notes:

! Total number of fatal cancers if the accident occurs.
2 Number of people in exposed population.

CEDE = Committed effective dose equivalent

LCF = Latent cancer fatality

MEI = Maximally-exposed individual

Chemical Consequences

Potential acute hazards associated with a mispositioned jumper accident are summarized in Tables
E.2.2.4 (toxic chemicals, nominal conditions), E.2.2.5 (toxic chemicals, bounding conditions), E.2.2.6
(corrosive/irritant chemicals, nominal conditions) and E.2.2.7 (corrosive/irritant bounding conditions)
for the No Action alternatives.

Toxic Impact from Chemical Exposure

Under nominal conditions (Table E.2.2.4), the cumulative acute hazard ratios for the MEI worker,
MEI noninvolved worker, and MEI general public were less than 1.0E+00, indicating that no adverse
acute health effects would be expected for these three receptors. Under bounding conditions

(Table E.2.2.5), the MEI worker was not evaluated because death would occur from exposure to
radionuclides. The cumulative acute hazard ratio for the MEI noninvolved worker was 5.36E+00 for
ERPG-2, indicating that reversible acute health effects would be expected. This acute hazard ratio was
primarily attributable to mercury (approximately 89 percent of the overall hazard ratio). No adverse
acute health effects were predicted for the MEI general public under bounding conditions.

Corrosive/Irritant Impact from Chemical Exposure
Under nominal conditions (Table E.2.2.6), the cumulative acute hazard ratio for the MEI worker was

2.70E+00 for ERPG-3, indicating the potential for irreversible health effects that could be life
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threatening. This acute hazard ratio was almost entirely attributable to sodium assumed to be
equivalent to sodium hydroxide in corrosive/irritant effects. For the MEI noninvolved worker, the
cumulative acute hazard ratio for ERPG-1 was 3.0E+00, indicating that only mild, reversible irritant
effects would be expected. No acute health impacts were predicted for the MEI general public under
nominal conditions. Under bounding conditions (Table E.2.2.7), the MEI worker was not evaluated
because death would occur from exposure to radionuclides. For the MEI noninvolved worker, the
cumulative acute hazard ratio for ERPG-1 was 4.36E+00, indicating that only mild, reversible irritant
effects would be expected. No acute health impacts were predicted for the MEI general public under
bounding conditions.

Under both nominal and bounding conditions, the probability of a mispositioned jumper is 1.32E-01.
E.4.3.2 Continued Operations Accident - Waste Storage Tanks
The dominant accident is a hydrogen deflagration in a waste storage tank previously discussed in the

No Action alternative in Section E.2.2.2.1 and summarized as follows:

Source-term - The source-term resulting from a hydrogen deflagration in Section E.2.2.2.1 was
calculated to be 2.4 L (0.6 gal).

Probability - The frequency of the hydrogen deflagration in a waste storage tank in Section E.2.2.2.2
was estimated to be 7.2E-03 per year. The probability of the scenario based on 12 years of operation

was therefore estimated to be 8.6E-02.

Radiological Consequences - The radiological consequences presented in Table E.2.2.8 are
reproduced in Table E.4.3.4.

Radiological Cancer Risk - The LCFs calculated in Section E.2.2.2.4 are reproduced in
Table E.4.3.5.

Table E.4.3.4 Dose Consequence from Hydrogen Deflagration in Waste Storage Tank

Receptor Dose CEDE (person-rem)
Nominal Scenario Bounding Scenario
MEI worker 3.91E+01 7.31E+03
Workers (10)' 3.91E+02 7.31E+04
MEI noninvolved worker 9.40E+00 1.76E+03
Noninvolved worker (1,835)" 1.32E+02 2.47E+04
MEI general public 2.28E-02 4.26E+00
General public (114,734)' 1.99E+01 3.72E+03

Notes:

! Number of people in exposed population.
CEDE = Committed effective dose equivalent
MEI = Maximally-exposed individual
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Table E.4.3.5 Latent Cancer Fatality Risk from Hydrogen Deflagration in Waste Storage Tank

Receptor Dose CEDE LCF/rem LCF' Probability LCF Risk
(person-rem) (point estimate)
Nominal Scenario
MEI worker 3.91E+01 8.00E-04 3.13E-02 8.64E-02 2.70E-03
Workers (10) 2 3.91E+02 8.00E-04 3.13E-01 8.64E-02 2.70E-02
MEI noninvolved worker 9.40E+00 4.00E-04 3.76E-03 8.64E-02 3.25E-04
Noninvolved workers (1,835) * 1.32E+02 4.00E-04 5.28E-02 8.64E-02 4.56E-03
MEI general public 2.28E-02 5.00E-04 1.14E-05 8.64E-02 9.85E-07
General public (114,734) ? 1.99E+01 5.00E-04 9.95E-03 8.64E-02 8.60E-04
Bounding Scenario
MEI worker 7.31E+03 lethal 1.00E+00 8.64E-02 8.64E-02
Workers (10) ? : 7.31E+04 lethal 1.00E+01 8.64E-02 8.64E-01
MEI noninvolved worker 1.76E+03 lethal 1.00E+00 8.64E-02 8.64E-02
Noninvolved workers (1,835)* | 2.47E+04 4.00E-04 9.88E+00 8.64E-02 8.54E-01
MEI general public 4.26E+00 5.00E-04 2.13E-03 8.64E-02 1.84E-04
General public (114,734) 2 3.72E+03 5.00E-04 1.86E+00 8.64E-02 1.61E-01
Notes:

! Total number of fatal cancers if the accident occurs.
? Number of people in exposed population.

CEDE = Committed effective dose equivalent

LCF = Latent cancer fatality

MEI = Maximally-exposed individual

Chemical Consequences

Potential acute hazards associated with a hydrogen deflagration in a waste storage tank are summarized
in Tables E.2.2.10 (toxic chemicals, nominal conditions), E.2.2.11 (toxic chemicals, bounding
conditions), E.2.2.12 (corrosive/irritant chemicals, nominal conditions) and E.2.2.13 (corrosive/irritant
chemicals bounding conditions) for the No Action alternative. Chemical impacts were not evaluated
for the MEI worker since all workers would receive a lethal radiation dose, as discussed previously.

In the bounding scenario all 10 workers, would potentially receive a fatal dose and would assumably
die directly after the eXposure. There would also be 10 LCFs attributed to the exposure to the
noninvolved workers and two LCFs to the general public if the accident occurred. The nominal
scenario calculations show there would be no LCFs.

Toxic Impact from Chemical Exposure

Under nominal conditions (Table E.2.2.10), the cumulative acute hazard ratio for the MEI worker was
1.57E+00 for ERPG-2, indicating that reversible, acute health effects would be expected. This acute
hazard ratio was primarily attributable to TOC (approximately 87 percent of the overall ERPG-2 ratio).
The TOC is assumed to be equivalent in toxicity to tributylphosphate, which is the most acutely toxic
constituent of the organic analytes identified. Tributylphosphate was used as a surrogate because an
inventory of the various chemicals that make up the TOC class is not available. For the MEI
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noninvolved worker, the cumulative acute hazard ratio for ERPG-3 was 9.38E+00, indicating the
potential for irreversible health effects that could be life-threatening. This acute hazard ratio was also
primarily attributable to TOC (approximately 90 percent of the overall ERPG-3 ratio) However, the
MEI noninvolved worker is a hypothetical worker assumed to be located 100m (330 ft) from the
source area. The first anticipated noninvolved worker population is located 290 m (950 ft) from the
source area and had no cumulative acute hazard ratios greater than 1.0 for any of the ERPGs,
indicating that no acute health effects would be expected for the nearest noninvolved worker
population. Likewise, no acute health effects were predicted for the MEI general public under nominal
conditions.

Under bounding conditions (Table E.2.2.11), the cumulative acute hazard ratio for the MEI
noninvolved worker was 4.54E+02 for ERPG-3, indicating the potential for irreversible health effects
that could be life threatening. This acute hazard ratio is primarily attributable to:

. Oxalate (approximately 37 percent of the total hazard ratio);

. Beryllium (approximately 13 percent of the total hazard ratio);

. Cadmium (approximately 14 percent of the total hazard ratio);

. Uranium (approximately 12 percent of the total hazard ratio); and
. TOC (approximately 8 percent of the total hazard ratio).

As discussed previously, this is a hypothetical receptor located 100m (330 ft) from the source. The
cumulative acute hazard ratio for the nearest noninvolved worker population located 290 m (950 ft)
from the source was 1.65E+00 for ERPG-3, indicating the potential for irreversible health effects that
could be life threatening for 335 workers. This hazard ratio was attributable to the same toxic
chemicals listed above. This exceedance of the ERPG-3 criterion for the nearest noninvolved worker
population would not be expected to result in irreversible health effects or place these workers in a life-
threatening situation for the following reasons.

. ERPG-3 is defined as a concentration in which a receptor can be exposed for 1 hour
without irreversible health effects. Because the Hanford Site has an in-place
emergency response plan designed to evacuate workers within 1 hour of an accident,
workers would be expected to evacuate their location and move to an area where
potential exposures would be well below ERPG-3. Therefore, this worker population
would not be exposed to airborne concentrations that would be either life threatening or
result in irreversible health effects.

. The estimated air concentrations of chemicals as a result of this accident were based on
very conservative meteorology, which results in movement of a plume directly toward
the worker population at a relatively slow rate with minimal wind dispersion. If less
conservative meteorological parameters were used, wind dispersion would cause the
estimated air concentrations of chemicals to be substantially less, and the ERPG-3
criterion would not be exceeded.

. Only the bounding toxic chemical evaluation exceeded ERPG-3, while the nominal
evaluation was well below 1.00E+00 for ERPG-3, suggesting that the noninvolved
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worker population would not receive an exposure that would result in any permanent
health effects.

The next nearest noninvolved worker population is located 1,780 (5,840 ft) from the source and
contains 1,500 workers. The cumulative acute hazard ratio was less than 1.0 for all ERPGs, indicating
that no acute health effects would be expected for this population of workers. No acute health impacts
were predicted for the MEI general public.

Corrosive/Irritant Impact from Chemical Exposure

Under nominal conditions (Table E.2.2.12), the cumulative acute hazard ratio for the MEI worker was
3.82E+00 for ERPG-3, indicating the potential for irreversible corrosive/irritant effects that could be
life-threatening. For the MEI noninvolved worker, the cumulative acute hazard ratio for ERPG-3 was
7.89E+01 and would indicate irreversible corrosive/irritant effects that could be life threatening for
this hypothetical receptor. This hazard ratio was primarily attributable to sodium, which was assumed
to be equivalent to sodium hydroxide in corrosive/irritant effects. For the nearest noninvolved worker
population (290 m [950 ft]) composed of 335 workers, the cumulative acute hazard ratio for ERPG-1
was 1.38E+01, indicating that only mild reversible effects would be expected. No acute health
impacts were predicted for the MEI general public under nominal conditions.

Under bounding conditions (Table E.2.2.13), the cumulative acute hazard ratio for the MEI
noninvolved worker was 1.91E+02 for ERPG-3, indicating irreversible health effects that could be life
threatening for this hypothetical receptor. This hazard ratio was primarily attributable to :

. Sodium as sodium hydroxide (approximately 75 percent of the total hazard ratio);
J Chromium (approximately 14 percent of the total hazard ratio); and
. Calcium (approximately 6 percent of the total hazard ratio).

For the nearest noninvolved worker population (290 m [950 ft]) composed of 335 workers, the
cumulative acute hazard ratio was 1.74E+00 for ERPG-2, indicating that reversible acute effects
would be expected. No acute health impacts were predicted for the MEI general public under nominal
conditions. '

Under both nominal and bounding conditions, the probability of a hydrogen deflagration event in a
waste storage tank is 8.64E-02.

E.4.3.3 Treatment Accident

The treatment accidents identified in the accident engineering data package (Shire et al. 1995 and
Jacobs 1996) are summarized in Table E.4.3.1. The rock slinger ignites gas plume in tank accident,
which would lead to a partial tank dome collapse, was identified as the dominant accident.

ment for Deflagrati Tank During Fill and Ca
It was postulated that hydrogen deflagration could occur while filling the tank with gravel using a rock
slinger. A spark from the gravel ignites a hydrogen gas plume, which is suddenly released from the
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solids or salt cake causing the tank to overpressurize. This in turn causes the HEPA filters to blow out
(in the case of DST) or the dome to collapse (in the case of SST). The impact of the postulated
accident would result in an airborne release of radionuclides and chemical constituents in the tank.

For this event to occur, the following conditions must exist.

. Flammable gases must be generated from the waste;

. The concentration of the flammable gas must exceed the lower flammability limit;

. There must be an ignition source; and

. The deflagration would have to generate enough energy to blow out the HEPA filters

or collapse the tank dome.

Generation of Flammable Gas

All 177 waste tanks produce flammable gases at the molecular level such as hydrogen, ammonia, and
methane due to radiolysis and organic degradation. The generation of flammable gas has been
demonstrated in all the tanks and has resulted in 25 tanks being included on the Watchlist for hydrogen
buildup. These 25 tanks include 19 SSTs and 6 DSTs.

Gas Concentration

Gases that are constantly being released into the headspace, and subsequently removed from the tank
through the tank ventilation system, are unable to reach the lower flammability limits and do not pose a
potential hydrogen deflagration event. Active ventilation systems can be engineered to provide
removal of flammable gases and prevent gas concentrations from reaching 25 percent of the LFL.

Of concern are conditions in which the gas is not readily released from the waste leading to retention of
substantial volumes of gas in the waste matrix. These trapped pockets of gas could be triggered into an
instant release by pressure from the fill material on the tank waste. This would result in a gas plume in
the head space. Studies made on the flammable gas Watchlist tanks (LANL 1995) have shown the
potential for concentrations of hydrogen in these gas pockets to exceed the LFL. The composition of
the mixture is important. If the mixture is hydrogen and air, it takes a relatively small ignition source
(0.01 mJ - equivalent to pieces of fabric rubbing together or stray radio waves) to ignite the mixture.

Ignition of Gas

As the gravel is thrown into the tank by the rock slinger, it has the potential to create a spark by
striking against metal inside the tank or against the gravel in the tank. The spark could ignite the
sudden release of a plume of gas if hydrogen concentration exceeds the LFL. The probability of these
events occurring at the same instant is low. At this time, it cannot be ruled out that the hydrogen
concentration in the gas plume will exceed the LFL. The time it would take for the plume to diffuse
and drop the hydrogen concentration to below the LFL by dilution from the ventilation system depends
on the size and -concentration of the plume, which cannot be accurately estimated at this time.
Therefore, it may be assumed that the plume occurs and ignites.
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The probability of the plume igniting could be reduced substantially by using wet sand or soil and
possibly grout as fill instead of gravel.

Loss of Containment

The pressure necessary to cause failure in a SST varies from 76 kPa (11 psi) for a 3,800,000-L

(1,000,000-gal) tank to 97 kPa (14 psi) for a 1,900,000-L (500,000-gal) tank (Julyk 1994).

The pressure necessary to cause failure in a DST is 410 kPa (60 psi) because it has a steel liner. The

pressure generated by the ignited plume is dependent on the plume size, head space, heat transfer, and

ventilation. A plume of flammable gas (16 m’ [570 f£’]) sufficiently concentrated, if ignited, will cause

an overpressure of 100 kPa (15 psi), which is more than enough to collapse the dome of a SST (Fox-

Stepnewski 1994). For the DST, 100 kPa (15 psi) may not breach the dome but would blow out the
'HEPA filters. These potential overpressures do not take into account the 42-in. risers that penetrate the

tank dome, which would absorb some of the pressure from a deflagration.

Additional saltwell pumping of the SST's is expected to reduce the probability of hydrogen burps by
removing liquids, which tend to trap gases in the saltcake. Additional saltwell pumping also would be
expected to remove organic materials, such as complexants, which degrade to form flammable gases.
The risk of a plume burn could also be reduced by filling the 25 Watchlist tanks last. It has been
shown in tank waste that hydrogen generation rates drop by about one-half every 15 years. By waiting
approximately 15 years to fill the 25 Watchlist tanks, the hydrogen generation rate of these tanks would
drop by about 50 percent.

Source-term for SST Dome Collapse
It was conservatively assumed that all radiological and chemical contaminants in the headspace are
available for release. The collapse of a portion‘of the dome and overburden compresses the vapor in
the headspace as it descends, enhancing the vapor release rate by sudden pressure difference.
Assuming a respirable concentration of contaminants in the headspace of 100 mg/m’, a liquid SpG of
1.5, and a headspace volume of 1,000 m®, the potential source-term contribution from the headspace
release was calculated as follows:

(100 mg/m®) - (1 g/L 1,000 mg) - (1 L/1,000 g) - (1,000 m®) - (1/1.5) = 1.8E-02 L (1.8E-02 gal).

It was assumed that gravel fill takes place after saltwell pumping that has reduced the liquid in the SSTs
to less than 0.5 percent. It was conservatively assumed the surface was dry and crumbly and the MAR
was 2,500 L (660 gal). It was postulated that the fall of the objects generated a substantial air
movement to suspend a fraction the MAR.

Assuming the respirable release fraction to be 2.0E-03, the potential source-term contribution from

entrainment was calculated as follows:
(2,500 L) - (2.0E-03) = 5.0 L (1.3 gal).
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It was postulated that prevailing winds resuspend a respirable fraction of the MAR (2,500 L [660 gal]).
A respirable release fraction of 4.0E-05/hr for 24 hours was assumed. The potential source-term
contribution from resuspension was calculated as follows:

(2,500 L) - (4.0E-05/hr) - (24 hr) = 2.4 L (0.6 gal).

The combined source-term of the potential SST accident is calculated as follows:
(007L)+(50L) + 24L) =75L (2.0 gal).

Source-term for the DSTs

For the DSTs, a consequence analysis was performed (LANL 1995) based on a dome space loading of
0.39 L (0.10 gal) in the vapor space plus 3.30 L (0.87 gal) entrained by the deflagration. It was
assumed that the HEPA filter was destroyed by the pressure pulse generated by the ignited gases. The
amount of material on the filter was assumed to be 0.45 L (0.12 gal). Therefore, the amount of
inventory released from the tank would be 4.14 L (1.09 gal). The bounding source-term or respirable
amount released from a DST and made airborne was 2.0 L (0.5 gal) for tank 241-SY-101

(LANL 1995).

E.4.3.3.2 Probability of the Event

The probability of a plume burn is assumed to be a likely event due to the gas pockets that exist in the
waste and the available ignition source. However, the magnitude of the deflagration is uncertain. It is
more likely that the gas burn would be small and would not have sufficient energy to blow out the
HEPA filters or breach the tank. It is therefore assumed to be an extremely unlikely event, and for the
purpose of this analysis, a probability of 1E-04 is used to calculate the point estimates.

E.4.3.3.3 Radiological Consequence for Tank Dome Collapse

The tank dome collapse would be bounding so the radiological dose to the receptors was calculated
from the source-term for the SST by the GENII computer code (Napier et al. 1988) using the
methodology previously discussed in Section E.1.1.6. The results (Shire et al. 1995 and Jacobs 1996)
are summarized in Table E.4.3.6.

Table E.4.3.6 Dose Consequence for Tank Dome Collapse Due to Deflagration

Receptor Dose (person-rem)
Nominal Scenario Bounding Scenario
MEI worker’ 1.22E+02 8.11E+03
Workers (10)' 1.22E+03 8.11E+04
MEI noninvolved worker 2.93E+01 1.95E+03
Noninvolved worker (1,835)' 4.11E+02 2.74E+04
MEI general public 7.09E-02 4.73E+00
General public (114,734)' 6.20E+01 4,13E+03

Notes:

' Number of people in exposed population.
CEDE = Committed effective dose equivalent
MEI = Maximally-exposed individual
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E.4.3.3.4 Radiological Cancer Risk for Tank Dome Collapse

All 10 workers and the MEI noninvolved worker potentially would receive a lethal dose. The LCFs
and LCF point estimate risk were calculated for the receptors and presented in Table E.4.3.7.

In the bounding scenario all 10 workers would die from a lethal dose. The calculations show there
would be 11 LCFs attributed to the exposure to the noninvolved workers and 2 LCFs to the general
public if the accident occurred. In the nominal scenario there would be no LCF.

E.4.3.3.5 Chemical uences of Tan

The chemical exposure to the receptors from the postulated accident was calculated in Appendix A of
the accident data package (Shire et al. 1995 and Jacobs 1996) and summarized in the exposure column
~ in Tables E.4.3.8 and E.4.3.9 for the nominal and bounding toxic effects, respectively, and Tables
E.4.3.10 and E.4.3.11 for the nominal and bounding corrosive/irritant effects, respectively. The tables
compare the concentration of postulated chemical releases to acute exposure criteria (ERPGs) discussed
in Section 1.1.7.

Under bounding conditions, chemical impacts were not evaluated for the MEI worker because all
workers would receive a lethal radiation dose, as discussed previously.

Toxic Impact from Chemical Exposure

Under nominal conditions (Table E.4.3.8), the cumulative acute hazard ratio for the MEI worker was
2.64E+00 for ERPG-1, indicating that only mild transient effects would be expected. For the MEI
noninvolved worker, the cumulative acute health hazard was 2.59E+00 for ERPG-3, indicating the
potential for irreversible health effects that could be life threatening. This acute hazard ratio was
primarily attributable to TOC (approximately 84 percent of the total hazard ratio). The TOC is
assumed to be equivalent in toxicity to tributylphosphate which is the most acutely toxic constituent of
the organic analytes identified. Tributylphosphate was used as a surrogate because an inventory of the
various chemicals that make up the TOC class is not available. The cumulative acute hazard ratio, for
the nearest noninvolved worker population consisting of 335 workers located 290 m (950 ft) away, was
less than 1.0 for all ERPGs, suggesting that no acute health effects would be expected.

Under bounding conditions (Table E.4.3.9), the cumulative hazard ratios for the MEI and nearest
noninvolved worker (335 workers located 290 m [950 ft] away) were 2.15E+03 and 7.80E+00 for
ERPG-3, respectively. These ratios were primarily attributable to:

. Uranium (approximately 47 percent of the total hazard ratio);
. Oxalate (approximately 24 percent of the total hazard ratio); and
. Mercury (approximately 13 percent of the total hazard ratio).
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Table E.4.3.7 Latent Cancer Fatality Risk from Tank Dome Collapse Due to Deflagration
Receptor Dose LCF/rem LCF! Probability LCF Risk
(person-rem) (point estimate)
Nominal Scenario
MEI worker 1.22E+02 8.00E-04 9.76E-02 1.00E-04 9.76E-06
Workers (10) 2 1.22E+03 8.00E-04 9.76E-01 1.00E-04 9.76E-05
MEI noninvolved worker 2.93E+01 8.00E-04 2.34E-02 1.00E-04 2.34E-06
Noninvolved workers (1,835) ? 4.11E+02 4.00E-04 1.64E-01 1.00E-04 1.64E-05
MEI general public ' 7.09E-02 5.00E-04 3.55E-05 1.00E-04 3.55E-09
General public (114,734) 2 6.20E+01 5.00E-04 3.10E-02 1.00E-04 3.10E-06
Bounding Scenario
MEI worker 8.11E+03 lethal 1.00E+00 1.00E-04 1.00E-04
Workers (10) 2 8.11E+04 lethal 1.00E+01 1.00E-04 1.00E-03
MEI noninvolved worker 1.95E+03 lethal 1.00E+00 1.00E-04 1.00E-04
Noninvolved workers (1,835) 2.74E+04 4.00E-04 1.10E+01 1.00E-04 1.10E-03
MEI general public 4.73E+00 5.00E-04 2.37E-03 1.00E-04 2.37E-07
General public (114,734) 2 4.13E+03 5.00E-04 2.07E+00 1.00E-04 2.07E-04
Notes:
! Total number of fatal cancers in the population if the accident occurs.

2 Number of maximally-exposed population
LCF = Latent cancer fatality
MEI = Maximally-exposed individual

Table E.4.3.8 Comparison of Nominal Chemical Concentrations to Toxic
Concentration Limits for Tank Dome Collapse
Analyte Exposure ERPG-1 ERPG-2 ERPG-3
(threshold values are presents in mg/m®) (mg/m®) (mg/m”) (mg/m”) (mg/m’)
Cadmium ' Threshold Value 2.00E-01 1.00E+00 {1.00E+01
Ratio of Exposure to ERPG

MEI Worker 9.99E-02 5.00E-01 9.99E-02 9.99E-03

MEI noninvolved worker 2.06E+00 [1.03E+01 |2.06E+00 |2.06E-01

Noninvolved worker population (290 m [950 ft]) | 7.48E-03 3.74E-02 7.48E-03 7.48E-04

Noninvolved worker population (1,780 m’ 1.01E-04 5.05E-04 1.01E-04 1.01E-05

[5,840 ft])

MEI general public 8.21E-05 4.11E-04 8.21E-05 8.21E-06
Cerium ? Threshold Value 7.00E+01 |5.00E+02 |7.00E+02

Ratio of Exposure to ERPG

MEI Worker 6.11E+00 |8.73E-02 1.22E-02 8.73E-03

MEI noninvolved worker 1.26E+02 [1.80E+00 |2.52E-01 1.80E-01

Noninvolved worker population (290 m [950 ft]) | 4.57E-01 6.53E-03 9.14E-04 6.53E-04

Noninvolved worker population (1,780 m 6.14E-03 8.77E-05 1.23E-05 8.77E-06

[5,840 ft])

MEI general public 5.02E-03 7.17E-05 1.00E-05 7.17E-06
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Table E.4.3.8 Comparison of Nominal Chemical Concentrations to Toxic
Concentration Limits for Tank Dome Collapse (cont'd)

Analyte Exposure ERPG-1 ERPG-2 ERPG-3
(Threshold values are presents in mg/m?) (mg/m?) (mg/m?) (mg/m®) (mg/m®)
Mercury * Threshold Value 7.50E-02 1.00E-05 1.40E+01
Ratio of Exposure to ERPG

MEI Worker 2.34E-02 3.12E-01 2.34E-01 1.67E-03

MEI noninvolved worker 4.84E-01 6.45E+00 |4.84E+00 |3.46E-02

Noninvolved worker population (290 m [950 ft]) | 1.75E-03 2.33E-02 1.75E-02 1.25E-04

Noninvolved worker population (1,780 m 2.36E-05 3.15E-04 2.36E-04 1.69E-06

[5,840 ft])

MEI general public 1.93E-05 2.57E-04 1.93E-04 1.38E-06
Total Organic | Threshold Value 3.00E+00 |1.50E+01 |S5.00E+01
Carbon | Ratio of Exposure to ERPG
(as tributyl e W 522E+00 |1.74E+00 |3.48E-01 |1.04E-01
phosphate) * orker . + . + .48E- .04E-

MEI noninvolved worker 1.08E+02 |3.60E+01 |7.20E+00 |2.16E+00

Noninvolved worker population (290 m [950 ft]) | 3.91E-01 1.30E-01 2.61E-02 7.82E-03

Noninvolved worker population (1,780 m 5.26E-03 1.75E-03 3.51E-04 1.05E-04

[5,840 ft])

MEI general public 4.29E-03 1.43E-03 2.86E-04 8.58E-05
Total MEI worker ratios 2.64E+00 |6.94E-01 1.25E-01
Total MEI noninvolved worker 5.46E+01 |[1.44E+01 |2.58E+00
Total noninvolved worker population ratios (290 m [950 ft]) 1.98E-01 5.20E-02 9.53E-03
Total noninvolved worker population ratios (1,780 m [5,840 ft]) 2.66E-03 7.00E-04 1.26E-04
Total MEI general ratios 2.17E-03 5.71E-04 1.03E-04
Notes:

ERPG = Emergency response planning guideline values.

ERPG-1 = These are maximum airborne concentrations below which it is believed that nearby all individuals could be
expose for up to one hour without experiencing other than mild adverse effects or perceiving a clearly defined objection odor.
ERPG-2 = These are the maximum airborne concentrations below which it is believed that nearly all individuals could be
exposed for up to one hour without experiencing or developing irreversible or other serious health effects or symptoms that
could impair their abilities to take protective action.

ERPG-3 = These are the maximum airborne concentrations below which it is believed that nearly all individuals could be
exposed for up to one hour without experiencing or developing life-threatening health effects.

' Guidelines are based on total cadmium content and were developed be HEHF.

2 ERPGs for cerium were developed by HEHF using data for cerium chloride.

% Guidelines are based n total mercury content. ERPG-2 is the EPA Level of Concern (LOC). The ERPG-3 is the NIOSH
IDLH for mercury vapor.

* ERPGs were based on the toxicity of tributyphosphate.
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Table E.4.3.9 Comparison of Bounding Chemical Concentrations to Toxic
Concentrations Limits for Tank Dome Collapse

Analyte Exposure ERPG-1 ERPG-2 ERPG-3
(threshold values are presents in mg/m") (mg/m?) (mg/m’) (mg/m®) (mg/m®)
Antimony ' | Threshold Value 2.00E+00 |[4.00E+01 [7.00E+01
Ratio of Exposure to ERPG
MEI Worker N/A N/A N/A N/A
MEI noninvolved worker 1.09E+02 | 5.45E+01 | 2.73E+00 1.56E+00
Noninvolved worker population (290 m [950 ft]) | 3.96E-01 1.98E-01 9.90E-03 "~ 5,66E-03
Noninvolved worker population (1,780 m
[5.840 ft}) 5.33E-03 2.67E-03 1.33E-04 7.61E-05
MEI general public 4.35E-03 2.18E-03 1.09E-04 6.21E-05
Arsenic ? Threshold Value 1.00E-01 | 7.00E+00 1.00E+01
Ratio of Exposure to ERPG
MEI Worker N/A N/A N/A N/A
MEI noninvolved worker 8.75E+01 | 8.75E+02 | 1.25E+01 8.75E+00
Noninvolved worker population (290 m [950 ft])| 3.17E-0l 3.17E+00 4.53E-02 3.17E-02
Noninvolved worker population (1,780 m
[5,840 ft]) 4.26E-03 4.26E-02 6.09E-04 4.26E-04
MEI general public 3.48E-03 3.48E-02 4.97E-04 3.48E-04
Beryllium * Threshold Value 6.00E-03 2.50E-02 1.00E-01
Ratio of Exposure to ERPG
MEI Worker N/A N/A N/A N/A
MEI noninvolved worker 1.90E+00 | 3.17E+02 | 7.60E+01 1.90E+01
Noninvolved worker population (290 m [950 ft]){ 6.87E-03 1.15E4+00 2.75E-01 6.87E-02
Noninvolved worker population (1,780 m
[5.840 ft]) 9.24E-05 1.54E-02 3.70E-03 9.24E-04
MEI general public 7.54E-05 1.26E-02 3.02E-03 7.54E-04
Cadmium * | Threshold Value 2.00E-01 1.00E+00 1.00E+01
Ratio of Exposure to ERPG
MEI Worker N/A N/A N/A N/A
MEI noninvolved worker 1.24E+02 | 6.20E+02 | 1.24E+02 1.24E+01
Noninvolved worker population (290 m [950 ft]) | 4.49E-0O1 2.25E+00 4.49E-01 4.49E-02
Noninvolved worker population (1,780 m
[5,840 ft]) - 6.04E-03 3.02E-02 6.04E-03 6.04E-04
MEI general public- 4.93E-03 2.47E-02 4.93E-03 4.93E-04
Cerium ° Threshold Value 7.00E+01 | 5.00E+02 | 7.00E+02
Ratio of Exposure to ERPG
MEI Worker N/A N/A N/A N/A
MEI noninvolved worker 6.56E+01 9.37E-01 1.31E-01 9.37E-02
Noninvolved worker population (290 m [950 ft]) | 2.38E-01 3.40E-03 4.76E-04 3.40E-04
Noninvolved worker population (1,780 m :
[5,840 ft]) 3.20E-03 4.57E-05 6.40E-06 4.57E-06
MEI general public 2.61E-03 3.73E-05 5.22E-06 3.73E-06
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Table E.4.3.9 Comparison of Bounding Chemical Concentrations to Toxic
Concentrations Limits for Tank Dome Collapse (cont'd)

Analyte Exposure ERPG-1 ERPG-2 ERPG-3
(Threshold values are presents in mg/m®) (mg/m®) (mg/m’) (mg/m’) (mg/m°)
Cobalt ¢ Threshold Value 5.00E-02 2.00E-01 8.00E+00
Ratio of Exposure to ERPG
MEI Worker N/A N/A N/A N/A
MEI noninvolved worker 3.94E+01 | 7.88E+02 | 1.97E+02 4.93E+00
Noninvolved worker population (290 m [950 ft]) | 1.43E-01 2.86E+00 7.15E-01 1.79E-02
Noninvolved worker population (1,780 m
[5,840 ft]) 1.92E-03 3.84E-02 9.60E-03 2.40E-04
METI general public 1.57E-03 -3.14E-02 7.85E-03 1.96E-04
Cyanide ’ Threshold Value 5.00E+00 { 4.10E+01 2.00E+02
Ratio of Exposure to ERPG
MEI Worker N/A N/A N/A N/A
MEI noninvolved worker 5.98E+02 | 1.20E+02 | 1.46E+01 2.99E+00
Noninvolved worker population (290 m [950 ft]) | 2.17E+00 4.34E-01 5.29E-02 1.09E-02
Noninvolved worker population (1,780 m
[5,840 ft]) 2.91E02 5.82E-03 7.10E-04 1.46E-04
METI general public 2.38E-02 4.76E-03 5.80E-04 1.19E-04
Mercury ¢ Threshold Value 7.50E-02 1.00E-01 1.40E+01
Ratio of Exposure to ERPG
MEI Worker N/A N/A N/A N/A
MEI noninvolved worker 3.94E+03 | 5.25E+04 | 3.94E+04 2.81E+02
noninvolved worker population (290 m [950 ft]) | 1.43E+01 1.91E+02 | 1.43E+402 1.02E+00
Noninvolved worker population (1,780 m
[5,840 ft]) 1.92E-01 2.56E+00 { 1.92E+00 1.37E-02
MEI general public 1.57E-01 2.09E+00 | 1.57E+00 1.12E-02
Neodymium ° | Threshold Value 7.20E+01 |5.04E+02 |7.20E+02
Ratio of Exposure to ERPG
MEI Worker N/A N/A N/A N/A
MEI noninvolved worker 1.75E+01 |2.43E-01 348E-02 2.43E-02
Noninvolved worker population (290 m [950 ft]) | 6.34E-02 8.81E-04 1.26E-04 8.81E-05
Noninvolved worker population (1,780 m- 8.52E-04 1.18E-05 1.68E-06 1.18E-06
[5,840 ft])
MEI general public 6.96E-04 9.67E-06 1.38E-06 9.68E-07
Oxalate ' Threshold Value 4.00E+00 |2.00E+01 [4.00E+01
Ratio of Exposure to ERPG
MEI Worker N/A N/A N/A N/A
MEI noninvolved worker 2.04E+04 |5.10E+03 |1.02E4+03 |5.10E+02
Noninvolved worker population (290 m [950 ft]) | 7.40E+01 1.85E+01 3.70E+00 1.85E+00
Noninvolved worker population (1,780 m 9.95E-01 2.479E-01 [4.98E-02 2.49E-02
[5,840 ft])
MEI general public 8.12E-01 2.03E-01 4.06E-02 2.03E-02
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Table E.4.3.9 Comparison of Bounding Chemical Concentrations to Toxic
Concentrations Limits for Tank Dome Collapse (cont'd)

Analyte Exposure ERPG-1 ERPG-2 ERPG-3
(Threshold values are presents in mg/m®) (mg/m®) (mg/m®) (mg/m”®) (mg/m’)
Selenium ' | Threshold Value 2.00E-01  |4.00E-01  [2.00E+00
Ratio of Exposure to ERPG
MEI Worker N/A N/A N/A N/A
MEI noninvolved worker 2.55E+02 1.28E+03 ]6.38+02 1.28E+02
Noninvolved worker population (290 m [950 ft]) | 9.25E-01 4.63E+00 |2.31E+00 [4.63E-01
Noninvolved worker population (1,780 m 1.24E-02 6.20E-02 3.10E-02 6.20E-03
(5,840 ft])
MEI general public 1.02E-02 5.10E-02 2.55E-02 5.10E-03
Tellurium '2 | Threshold Value 1.30E-01 3.00E-01 1.40E+00
Ratio of Exposure to ERPG
MEI Worker N/A N/A N/A N/A
MEI noninvolved worker 1.46E+01 1.12E+02 |[4.87E+01 1.04E+01
Noninvolved worker population (290 m [950 ft]) | 5.28E-02 4.06E-01 1.76E-01 3.77E-02
Noninvolved worker population (1,780 m 7.10E-04 - 14.46E-03 2.37E-03 5.07E-04
[5,840 ft])
MEI general public 5.80E-04 4.46E-03 1.93E-03 4.14E-04
Thallium ** | Threshold Value 3.00E-01 2.00E+00 |{2.00E+01
Ratio of Exposure to ERPG
MEI Worker N/A N/A N/A N/A
MEI noninvolved worker 8.75E+01 ]2.92E+02 [4.38E+01 [4.38E+00
Noninvolved worker population (290 m [950 ft]) | 3.17E-01 1.06E+00 11.59E-01 1.59E-02
Noninvolved worker population (1,780 m 4.26E-03 1.42E-02 2.13E-03 2.13E-04
(5,840 ft])
MEI general public 3.48E-03 1.16E-02 1.75E-03 1.74E-04
Uranium " | Threshold Value 1.00E+00 |1.00E+01 |2.00E+01
Ratio of Exposure to ERPG
MEI Worker N/A N/A N/A N/A
MEI noninvolved worker 2.04E+04 |[2.04E+04 |2.04E+03 |1.02E+03
Noninvolved worker population (290 m [950 ft]) | 7.40E+01 |7.40E+01 |7.40E+00 |3.70E+00
Noninvolved worker population (1,780 m 9.95E-01 9.95E-01 9.95E-02 4.98E-02
[5,840 ft])
MEI general public 8.12E-01 8.12E-01 8.12E-02 4.06E-02
Vanadium "* | Threshold Value 1.20E+00 |1.10E+01 {4.00E+01
Ratio of Exposure to ERPG
MEI Worker N/A
MEI noninvolved worker 2.41E+00 |2.01E+00 |2.19E-01 6.03E-02
Noninvolved worker population (290 m [950 ft]) | 8.72E-03 7.27E-03 7.93E-04 2.18E-04
Noninvolved worker population (1,780 m 1.17E-04 9.75E-05 1.06E-05 2.93E-06
[5,840 ft])
MEI general public 9.57E-05 7.98E-05 8.70E-06 2.39E-06
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Table E.4.3.9 Comparison of Bounding Chemical Concentrations to Toxic
Concentrations Limits for Tank Dome Collapse (cont'd)
Analyte Exposure ERPG-1 ERPG-2 ERPG-3
(Threshold values are presents in mg/m?) (mg/m®) (mg/m”) (mg/m®) (mg/m®)
Total Organic | Threshold Value 3.00E+00 |[1.50E+01 |5.00E+01
Cf’brbo‘i‘ (as Ratio of Exposure to ERPG
tributy
phosphate) MEI Worker N/A N/A N/A N/A
MEI noninvolved worker 7.29E+03 [2.43E4+03 }4.86E+02 |1.46E+02
Noninvolved worker population (290 m [950 ft]) | 2.64E+01 8.80E+00 1.76E+00 |5.28E-01
Noninvolved worker population (1,780 m 3.55E-01 1.18E-01 2.37E-02 7.10E-03
[5,840 ft])
MEI general public 2.90E-01 9.67E-02 1.93E-02 5.80E-03 |
Total MEI worker ratios N/A N/A N/A |
Total MEI noninvolved worker ratios 8.49E+04 |4.41E+04 |2.15E+03 |
Total noninvolved worker population ratios (290 m [950 ft]) 3.08E+02 |1.60E+02 |7.80E+00 |
Notes:

ERPG = Emergency response planning guideline values.

ERPG-1 = These are maximum airborne concentrations below which it is believed that nearby all individuals could be
expose for up to one hour without experiencing other than mild adverse effects or perceiving a clean defined objection odor.
ERPG-2 = These are the maximum airborne concentrations below which it is believed that nearly all individuals could be
exposed for up to one hour without experiencing or developing irreversible or other serious health effects or symptoms that
could impair their abilities to take protective action.

ERPG-3 = These are the maximum airborne concentrations below which it is believed that nearly all individuals could be
exposed for up to one hour without experiencing or developing life-threatening health effects.

! Guidelines are based on total antimony content.

? Guidelines are based on total arsenic content.

3 Guidelines are based on total beryllium content and were developed by PNL.

* Guidelines are based on total cadmium content and were developed by HEHF.

3 ERPGs for cerium were developed by HEHF using data for cerium chloride.

¢ Guidelines are based on total cobalt content and were developed be HEHF.

" Guidelines ate based on total cyanide content and were developed by HEHF.

¥ Guidelines are based on total mercury content. ERPG-2 is the EPA Level of Concern (LOC). The ERPG-3 is the NIOSH
IDLH for mercury vapor.

¢ Guidelines are based on total neodymium content and were based on neodymium chloride.

' Guidelines ate based on oxalic acid and adjusted by ERPG (oxalic acid) x mw compound/mw oxalic acid.

" Guidelines are based on toxicity of sodium selenate.

12 Guidelines ate based on the sodium selenate and were developed by HEHF.

13 ERPGs were developed by HEHF.

'* ERPGs were based on soluble uranium compounds.

'3 ERPGs were based on vanadium pentoxide and were developed by HEHF.

18 ERPGs were based on the toxicity of tributy
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Table E.4.3.10 Comparison of Nominal Chemical Concentrations to Corrosive/Irritant
Concentration Limits for Tank Dome Collapse

Analyte Exposure ERPG-1 ERPG-2 ERPG-3
(Threshold values are presented in mg/m?) (mg/m’) (mg/m?) (mg/m?) (mg/m*)
Calcium ' Threshold Value 1.00E+00_ | 2.20E+01 | 5.40E+01
Ratio of Exposure to ERPG
MEI worker 3.34E4+00 3.34E4-00 1.52E-01 6.19E-02
MEI noninvolved worker 6.89E +01 6.89E+01 | 3.13E+00 | 1.28E+00
| Noninvolved worker population (290 m [950 fi]){ 2.50E-01 2.50E-01 1.14E-02 4.63E-03
Noninvolved worker population (1,780 [5,840 ft])!  3.36E-03 3.36E-03 1.53E-04 6.22E-05
MEI general public 2.74E-03 2.74E-03 1.25E-04 5.07E-05
Chromium ? Threshold Value 2.60E+00 | 5.15E+01 1.29E+02
Ratio of Exposure to ERPG
MEI worker 2.25E+00 8.65E-01 4.37E-Q2 1.74E-02
MEI noninvolved worker 4.64E+01 1.78E+01 9.01E-01 3.60E-01
Noninvolved worker population (290 m [950 ft])} 1.68E-01 6.46E-02 3.26E-03 1.30E-03
Noninvolved worker population (1,780 [5.840 ft])l 2.26E-03 8.69E-04 4.39E-05 1.75E-05
MEI general public 1.85E-03 7.12E-04 3.59E-05 1.43E-05
Sodium_* Threshold Value 1.20E+00 | 2.30E+0] | 5.80E+01
Ratio of Exposure to ERPG
MEI worker 1.43E+03 1.19E+03 | 6.22E+01 | 2.47E+01
MEI noninvolved worker 2.95E+04 2.46E+04 | 1.28E+03 | 5.09E+02
Noninvolved worker population (290 m [950 ft])| 1.07E+02 8.92E+01 | 4.65E+00 | 1.84E+00
Noninvolved worker population (1,780 [5.840 ft])] 1.44E+00 1.20E+00 6.26E-02 2.48E-02
MEI general public 1.17E4+00 9.75E-01 5.09E-02 2.02E-02
Total MEI worker ratios 1.20E+03 | 6.24E+01 | 2.47E+01
Total MEI noninvolved worker ratios 2.47E+04 | 1.29E+03 | 5.10E+02
Total noninvolved worker population ratios (290 m {950 ft]) 8.95E+01 | 4.67E+00 { 1.85E+00
Total noninvolved worker population ratios (1,780 m [5,840 ft]) 1.20E+00 6.28E-02 2.49E-02
Total MEI general public ratios 9.78E-01 5.10E-02 2.02E-02

Notes:

ERPG = Emergency response planning guideline values.

ERPG-1 =

These are maximum airborne concentrations below which it is believed that nearly all individuals could be

exposed for up to one hour without experiencing other than mild transient adverse effects or perceiving a clearly defined
objectionable odor.
ERPG-2 = These are the maximum airborne concentrations below which it is believed that nearly all individuals could be
exposed for up to one hour without experiencing or developing irreversible or other serious health effects or symptoms that
could impair their abilities to take protective action.

ERPG-3 =

exposed for up to one hour without experiencing or developing life-threatening health effects.
! ERPGs were normalized to sodium hydroxide.

2 Guidelines were based on chromium hydroxide normalized to sodium hydroxide.

* ERPGs were based on sodium hydroxide normalized to sodium.
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Table E.4.3.11 Comparison of Bounding Chemical Concentrations to Corrosive/Irritant Concentration Limits for Tank

Dome Collapse

Analyte Exposure ERPG-1 ERPG-2 ERPG-3
(Threshold values are presented in mg/m®) (mg/m’) (mg/m®) (mg/m®) (mg/m®)
Ammonia ' Threshold Value 4.60E-01 9.20E+00 |2.30E+01
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 2.41E4+01 |5.24E+4+01 |2.62E+00 |1.05E+00
Noninvolved worker population (290 m [950 ft]) 8.72E-02 1.90E-01 9.48E-03  [3.79E-03
Noninvolved worker population (1,780 m [5,840 ft]) |1.17E-03 2.54E-03 1.27E-04 |5.09E-05
MEI general public 9.57E-04  |2.08E-03 1.04E-04 |4.16E-05
Barium ? Threshold Value 6.80E+00 [1.38E+02 |3.44E+02
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 2.92E403 {4.29E+02 (2.12E+01 |8.49E+00
Non involved worker population (290 m [950 ft]) 1.06E+01 |1.56E+00 |7.68E-02 |3.08E-02
Noninvolved worker population (1,780 m [5,840 ft]) {1.42E-01 2.09E-02 1.03E-03 {4.13E-04
MEI general public 1.16E-01 1.71E-02 8.41E-04 |3.37E-04
Calcium ? Threshold Value 1.00E4+00 [2.20E+01 |5.40E+01
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 3.72E+03 [3.72E+03 |1.69E+02 |6.89E+01
Noninvolved worker population (290 m [950 ft}) 1.35E+01 |1.35E401 |6.14E-01 ]2.50E-0O1
Noninvolved worker population (1,780 m [5,840 ft]) |[1.81E-01 1.81E-01 8.23E-03  |3.35E-03
MEI general public 1.48E-01 1.48E-01 6.73E-03  ]2.74E-03
Chromium * {Threshold Value 2.60E+00 |5.15E+01 |1.29E+02
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 5.03E+03 |1.93E+03 {9.77E+01 |3.90E+01
Noninvolved worker population (290 m [950 ft]) 1.82E+01 |7.00E+00 |3.53E-01 1.41E-01
Non involved worker population (1,780 [5,840 fi]) 2.45E-01 9.42E-02 4.76E-03  |1.90E-03
MEI general public 2.00E-01 7.69E-02 3.88E-03 {1.55E-03
Lanthanum *  |Threshold Value 6.90E+00 {1.37E+02 |3.43E+02
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 3.64E+03 |5.28E+02 |2.66E+01 {1.06E+01
Noninvolved worker population (290 m [950 ft]) 1.32E4+01 |1.91E+00 |9.64E-02 |3.85E-02
Non involved worker population (1,780 [5,840 ft]) 1.78E-01 2.58E-02 1.30E-03  {5.19E-04
MEI general public 1.45E-01 2.10E-02 1.06E-03  |4.23E-04
Sodium ° Threshold Value 1.20E+00 |2.30E+01 |5.80E+01
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 3.50E+04 |2.92E+04 |1.52E+03 |6.03E+02
Noninvolved worker population (290 m [950 ft]) 1.27E+02 |1.06E+02 |5.52E+00 [2.19E+00
Non involved worker population (1,780 [5,840 ft]) 1.70E+00 |1.42E+00 [7.39E-02 |2.93E-02
MEI general public 1.39E+00 |1.16E+00 |6.04E-02 (2.40E-02
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Table E.4.3.11 Comparison of Bounding Chemical Concentrations to Corrosive/Irritant Concentration Limits for
Tank Dome Collapse (cont’d)

Analyte Exposure ERPG-1 ERPG-2 ERPG-3
(Threshold values are presented in mg/m°) (mg/m’) (mg/m®) (mg/m?) (mg/m®)
Total MEI worker ratios N/A N/A N/A
Total MEI noninvolved worker ratios 3.58E+04 |1.84E+4+03 [7.31E+02
Total noninvolved worker population ratios (290 m [950 ft]) 1.30E+02 |6.67E+00 |2.65E+00
Total noninvolved worker population ratios (1,780 m [5,840 ft]) 1.74E+00 {8.94E-02 |3.55E-02
Total MEI general public ratios 1.42E+00 _|7.30E-02 |2.91E-02

Notes:

! Guidelines were based on ammonium hydroxide normalized to sedium hydroxide.
? Guidelines were based on barium hydroxide normalized to sodium hydroxide.

3 ERPGs were normalized to sodium hydroxide.

4 Guidelines were based on chromium hydroxide normalized to sodium hydroxide.
% Guidelines were based on lanthanum fluoride normalized to sodium hydroxide.

¢ Guidelines were based on sodium hydroxide normalized to sodium.,

This exceedance of the ERPG-3 criterion for the nearest noninvolved worker population would not be
expected to result in irreversible health effects or place these workers in a life-threatening situation for
the following reasons. |

. ERPG-3 is defined as a concentration in which a receptor can be exposed for 1 hour
without irreversible health effects. Because the Hanford Site has an in-place
emergency response plan designed to evacuate workers within 1 hour of an accident,
workers would be expected to evacuate their location and move to an area where
potential exposures would be well below ERPG-3. Therefore, this worker population
would not be exposed to airborne concentrations that would be either life threatening or
result in irreversible health effects.

. The estimated air concentrations of chemicals as a result of this accident were based on
very conservative meteorology, which results in movement of a plume directly toward
the worker population at a relatively slow rate with minimal wind dispersion. If less
conservative meteorological parameters were used, wind dispersion would cause the
estimated air concentrations of chemicals to be substantially less, and the ERPG-3
criterion would not be exceeded.

. Only the bounding toxic chemical evaluation exceeded ERPG-3, while the nominal
evaluation was well below 1.00E+00 for ERPG-3, suggesting that the noninvolved
worker population would not receive an exposure that would result in any permanent
health effects.

The cumulative acute hazard ratio for the next nearest noninvolved worker population, composed of
1,500 people and located 1,780 (5,840 ft) away, was 2.15 for ERPG-2, indicating that reversible acute
health effects would be expected. The cumulative acute hazard ratio for the MEI general public was
1.76E+00 for ERPG-2, indicating that reversible acute health effects would be expected.
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Corrosive/Irritant Impact from Chemical Exposure

Under nominal conditions (Table E.4.3.10), the cumulative acute hazard ratios for the MEI worker,
MEI noninvolved worker and nearest noninvolved worker (335 workers at 290 m [950 ft]) were
2.47E+01, 5.10E+02 and 1.85E+00, respectively for ERPG-3, indicating the potential for
irreversible health effects that could be life threatening. These ratios were almost entirely attributable
to sodium which was assumed to be equivalent to sodium hydroxide in corrosive/irritant effects. This
exceedance of the ERPG-3 criterion for the nearest noninvolved worker population would not be
expected to result in irreversible health effects or place these workers in a life-threatening situation for
the following reasons.

. ERPG-3 is defined as a concentration in which a receptor can be exposed for 1 hour
without irreversible health effects. Because the Hanford Site has an in-place
emergency response plan designed to evacuate workers within 1 hour of an accident,
workers would be expected to evacuate their location and move to an area where
potential exposures would be well below ERPG-3. Therefore, this worker population
would not be exposed to airborne concentrations that would be either life threatening or
result in irreversible health effects.

. The estimated air concentrations of chemicals as a result of this accident were based on
very conservative meteorology, which results in movement of a plume directly toward
the worker population at a relatively slow rate with minimal wind dispersion. If less
‘conservative meteorological parameters were used, wind dispersion would cause the
estimated air concentrations of chemicals to be substantially less, and the ERPG-3
criterion would not be exceeded.

. Only the bounding toxic chemical evaluation exceeded ERPG-3, while the nominal
evaluation was well below 1.00E+00 for ERPG-3, suggesting that the noninvolved
worker population would not receive an exposure that would-result in any permanent
health effects.

For the next nearest noninvolved worker population (1,500 workers at 1,780 [5,840 ft]), the cumulative
acute hazard ratio was 1.20 for ERPG-1, indicating that only mild irreversible irritant effects would be
anticipated. For the MEI general public, the cumulative acute hazard ratio was less than 1.0 for all
ERPGs and no acute health effects would be expected.

Under bounding conditions (Table E.4.3.11), the cumulative acute hazard ratios for the MEI
noninvolved worker and nearest noninvolved worker (335 workers at 290 m [950 ft]) were 7.31E4-02
and 2.65, respectively for ERPG-3, indicating the potential for irreversible health effects that could be
life threatening. These acute hazard ratios were primarily attributable to:

. Sodium (approximately 83 percent of the total hazard ratio); and

. Calcium (approximately 10 percent of the total hazard ratio).

As discussed previously, this exceedance of the ERPG-3 criterion would not be expected to result in
irreversible or life threatening health effects.
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Table E.4.3.13 Latent Cancer Fatality Risk from Seismic Event

Receptor Dose LCF/rem LCF' Probability LCF Risk point-
person-rem estimate

Nominal Scenario

MEI worker 1.21E+02 8.00E-04 9.68E-02 1.68E-03 1.63E-04
Workers (10) ? 1.21E+03 8.00E-04 9.68E-01 1.68E-03 1.63E-03
MEI noninvolved worker 2.90E+01 8.00E-04 2.32E-02 1.68E-03 3.90E-05
Noninvolved workers (1,835)? | 4.07E+02 4.00E-04 1.63E-01 1.68E-03 2.74E-04
MEI general public 7.03E-02 5.00E-04 3.52E-05 1.68E-03 5.91E-08
General public (114,734) ? 6.14E+01 5.00E-04 3.07E-02 1.68E-03 5.16E-05

Bounding Scenario

MEI worker 8.04E+03 lethal 1.00E+00 | 1.68E-03 1.68E-03
Workers (10) ? 8.04E+04 lethal 1.00E+01 | 1.68E-03 1.68E-02
MEI noninvolved worker 1.93E+03 lethal 1.00E+00 | 1.68E-03 1.68E-03
Noninvolved workers (1,835) 2.71E+04 4.00E-(4 1.08E+01 1.68E-03 1.82E-02
MEI general public 4.68E+00 5.00E-(4 2.34E-03 1.68E-03 3.93E-06
General public (114,734) ? 4.09E+03 5.00E-04 2.05E+00 | 1.68E-03 3.44E-03
Notes:

! Total number of fatal cancers in the population if the accident occurs.
? Number of maximally-exposed population

LCF = Latent cancer fatality

MEI = Maximally-exposed individual

In the bounding scenario, all 10 workers would potentially receive a fatal dose and assumably die
directly after the exposure. There would also be 10 LCFs attributed to the exposure to the noninvolved
workers and two LCFs to the general public if the accident occurred. The nominal scenario
calculations show there would be no LCFs.

E.4.3.4.5 Chemical Consequences from a Beyond Design Basis Earthquake

Potential acute hazards associated with a beyond design basis earthquake are identical to those
summarized in Tables E.2.2.16 (toxic chemicals, nominal conditions), E.2.2.17 (toxic chemicals,
bounding conditions), E.2.2.18 (corrosive/irritant chemicals, nominal conditions) and E.2.2.19
(corrosive/irritant chemicals, bounding conditions) for the No Action alternative.

Under bounding conditions, chemical impacts were not evaluated for the MEI worker because all
workers would receive a lethal radiation dose, as described previously.
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Toxic Impact from Chemical Exposure

Under nominal conditions (Table E.2.2.16), the cumulative acute hazard ratio for the MEI worker was
2.64E+00 for ERPG-1, indicating that only mild transient effects would be expected. For the MEI
noninvolved worker, the cumulative acute health hazard was 2.59E+00 for ERPG-3, indicating the
potential for irreversible health effects that could be life threatening. This acute hazard ratio was
primarily attributable to TOC (approximately 84 percent of the total hazard ratio). The TOC is assumed
to be equivalent in toxicity to tributylphosphate, which is the most acutely toxic constituent of the
organic analytes identified. Tributylphosphate was used as a surrogate because an inventory of the
various chemicals that make up the TOC class is not available. The cumulative acute hazard ratio for
the nearest noninvolved worker population consisting of 335 workers located 290 m (950 ft) away was
less than 1.0 for all ERPGs, suggesting that no acute health effects would be expected.

Under bounding conditions (Table E.2.2.17), the cumulative hazard ratios for the MEI and nearest
noninvolved worker (335 workers located 290 m [950 ft] away) were 2.15E+03 and 7.80E+00 for
ERPG-3, respectively. These ratios were primarily attributable to:

. Uranium (approximately 47 percent of the total hazard ratio);
. Oxalate (approximately 24 percent of the total hazard ratio); and
. Mercury (approximately 13 percent of the total hazard ratio).

This exceedance of the ERPG-3 criterion for the nearest noninvolved worker population would not be
expected to result in irreversible health effects or place these workers in a life-threatening situation for
the following reasons.

. ERPG-3 is defined as a concentration in which a receptor can be exposed for 1 hour
without irreversible health effects. Because the Hanford Site has an in-place
emergency response plan designed to evacuate workers within 1 hour of an accident,
workers would be expected to evacuate their location and move to an area where
potential exposures would be well below ERPG-3. Therefore, this worker population
would not be exposed to airborne concentrations that would be either life threatening or
result in irreversible health effects.

. The estimated air concentrations of chemicals as a result of this accident were based on
very conservative meteorology, which results in movement of a plume directly toward
the worker population at a relatively slow rate with minimal wind dispersion. If less
conservative meteorological parameters were used, wind dispersion would cause the
estimated air concentrations of chemicals to be substantially less, and the ERPG-3
criterion would not be exceeded.

. Only the bounding toxic chemical evaluation exceeded ERPG-3, while the nominal
evaluation was well below 1.00E+00 for ERPG-3, suggesting that the noninvolved
worker population would not receive an exposure that would result in any permanent
health effects.

The cumulative acute hazard ratio for the next nearest noninvolved worker population, composed of
1,500 people and located 1,780 m (5,840 ft) away, was 2.15E+00 for ERPG-2, indicating that
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reversible acute health effects would be expected. The cumulative acute hazard ratio for the MEI
general public was 1.76E+00 for ERPG-2, indicating that reversible acute health effects would be
expected.

Corrosive/Irritant Impact from Chemical Exposure

Under nominal conditions (Table E.2.2.18), the cumulative acute hazard ratios for the MEI worker,
MEI noninvolved worker and nearest noninvolved worker (335 workers at 290 m [950 ft]) were
2.47E+01, 5.10E+02 and 1.85E+00, respectively, for ERPG-3, indicating the potential for
irreversible health effects that could be life threatening. These ratios were almost entirely attributable
to sodium, which was assumed to be equivalent to sodium hydroxide in corrosive/irritant effects. As
discussed previously, this exceedance of the ERPG-3 criterion would not be expected to result in
irreversible or life threatening health effects. For the next nearest noninvolved worker population,
(1,500 workers at 1,780 m [5,840 ft]), the cumulative acute hazard ratio was 1.20E+00 for ERPG-1, -
indicating that only mild irreversible irritant effects would be anticipated. For the MEI general public,
the cumulative acute hazard ratio was less than 1.0 for all ERPGs, and no acute health effects would be
expected.

Under bounding conditions (Table E.2.2.19), the cumulative acute hazard ratios for the MEI
noninvolved worker and nearest noninvolved worker (335 workers at 290 m [950 ft]) were 7.31E+02
and 2.65E+00, respectively for ERPG-3, indicating the potential for irreversible health effects that
could be life threatening. These acute hazard ratios were primarily attributable to:

. Sodium (approximately 83 percent of the total hazard ratio); and

. Calcium (approximately 10 percent of the total hazard ratio).

As discussed previously, this exceedance of the ERPG-3 criterion would not be expected to result in
irreversible or life threatening health effects.

For the next nearest noninvolved worker, and MEI general public, the cumulative acute hazard ratios
were 1.74E+00 and 1.42E+00, respectively, for ERPG-1, indicating that only mild, transient irritant
effects would be expected.

Under both nominal and bounding conditions, the probability of a seismic event is 1.68E-03.

E.4.3.5 Occupation Injuries, Illnesses, and Fatalities from Operations
The number of operation personnel to support the In Situ Fill and Cap alternative is summarized as
follows:

. Continued operations - 2.39E+04 person-years; and

. Treatment operations - 1.51E+03 person-years.

Therefore, there would be a total of 2.54E+04 person-years for the In Situ Fill and Cap alternative.
The total recordable injuries and illnesses lost workday cases and fatalities were calculated as follows:
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Total Recordable Cases = (2.54E+04 person-years) * (2.2E+00 incidences/100 person-years) =
5.59E+02

Lost Workday Cases = (2.54E+04 person-years) + (1.1E+00 incidences/100 person-years) =
2.80E+02

Fatalities = (2.54E+04 person-years) * (3.2E-03 fatalities/100 person-years) = 8.13E-01

E.4.4 POST-REMEDIATION ACCIDENT

E.4.4.1 Deflagration in Storage Tank

After the tanks have been filled with gravel, the dome sealed off, and the Hanford Barrier placed over
the tank farms, it was postulated that hydrogen builds up in the tank, reaches the LFL, and ignites.

The probable sequence of events is that the tank would breach and possibly the asphalt layer in the
Hanford Barrier would crack allowing an increased movement of the residual tank waste into the
groundwater from increased infiltration. An explosion that could breach the dome, displace 23 m (7 ft)
of overburden, and displace an additional 50 m (15 ft) of the Hanford Barrier, is considered to be
incredible. For this event to occur, the following conditions must exist:

. Flammable gases must be generated from the waste;

. The concentration of the flammable gas must exceed the lower flammability limit;

. There must be an ignition source; and

. The deflagration would have to generate enough energy to breach the tank and crack

the asphalt liner.

Generation of Flammable Gas
All 177 waste tanks produce flammable gases at the molecular level such as hydrogen, ammonia, and
methane along with nitrous oxide (an oxidizer) due to radiolysis, organic degradation, and corrosion.

Gas Concentration

Gases generated from the residual tank waste would diffuse and accumulate in the voids within the
gravel and the tank headspace created by the waste settling under the pressure of the fill. If the
hydrogen is not allowed to escape from the tank through leaks or cracks in the tank, the hydrogen
concentration will continue to increase as long as the potential for radiolysis, organic degradation, or
corrosion exists.

It has been shown in tank waste that hydrogen generation rates may drop by approximately one-half
every 15 years. Therefore, the gas concentration potential could be reduced by allowing the tanks to
vent for 100 years (during institutional controls) through vent pipes passing up through the Hanford
Barrier. The vents could then be sealed off. Allowing the tanks to vent for 100 years would reduce
the probability of hydrogen reaching the LFL in the tank. Hydrogen gas concentration could be
retarded by placing catalytic recombiners in the tank that would recombine hydrogen and oxygen.

The buildup of hydrogen could be mitigated over the long-term by engineering permanent measures to
allow the gas to escape into the atmosphere. This may include cutting small openings in the tanks
domes and the asphalt layer within the Hanford Barrier.
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Ignition of Gas

If the gas concentrations in the tank manage to exceed the LFL, the ignition sources are limited.
Possible ignition sources would include a lightning strike, an earthquake, or heat produced by reactions
taking place in the materials remaining in the tank. If the gas was ignited, the propagation of the burn
through the gravel is dependent on the size of the voids in the gravel matrix. Flames will not propagate
in a porous material if the pore size is less than a critical value.

Consequences of Deflagration

The probable sequence of events is that the tank would breach and possibly the asphalt layer in the
Hanford Barrier would crack allowing an increased leaching of the residual tank waste into the
groundwater.

Consequences of Gas Building Up Under the Asphalt Barrier

If the hydrogen gas generated in the tanks was able to permeate from the tank through leaks and
cracks, it could potentially build up under the asphalt layer of the Hanford Barrier if the permeation
rate through the asphalt is slower than the rate in which it reaches the asphalt. Because hydrogen is
highly diffusible, it is extremely unlikely that this would be the case. However, if hydrogen did build
up under the asphalt layer, the worst credible consequences would result in the asphalt cracking
allowing an increased movement of the residual tank waste into the groundwater. This event could be
mitigated by placing catalytic recombiners under the asphalt that would recombine hydrogen and
oxygen or venting the asphalt layer.

E.4.4.2 Seismic Induced Rupture of Stabilized Tanks

An evaluation was performed to determine if displacement on a fault could increase exposure to the
waste after remediation was completed. For this to occur, a capable fault (a fault on which
displacement can occur) would have to intersect one or more tanks and cause displacement equal to the
thickness of the soil cover on the tank and the Hanford Barrier, a total of 6.4 m (21 ft).

The seismicity of the area was studied extensively when the area was a potential candidate site for a
potential geologic repository (Rockwell 1983). This report concludes that earthquakes in the central
Columbia Plateau indicate the stress regime that exists today has been relatively unchanged for more
than 14 million years, and no change of this stress regime is anticipated over the next 100,000 years.
Deformation was in progress in the late Grande Ronde time (approximately 14.5 million years before
present) and continued at an average low rate of uplift (vertical strain) from 14.5 to 10.5 million years
before present as determined from the aerial and thickness distribution of basalt flows.

Strain appears to be concentrated in steeply dipping strata and on major structures. New first-order

structures do not appear to have developed in the Quaternary, nor are they anticipated to develop in the
next 10,000 to 100,000 years (Rockwell 1983).
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Seismicity in the central Columbia Plateau is confined to a thin, 2.6-m (8.5-ft) crust and is
characterized by temporally and spatially limited swarms of low magnitude (magnitude <3.5), shallow
(<0.6-m [2-ft]) earthquakes that may be characteristic of brittle deformation in basalt.

Earthquakes in the central Columbia Plateau presently are not associated with mapped geologic faults,
nor in a manner that suggests the presence of unmapped faults. Swarms have occurred on the flanks of
the Saddle Mountains, a first-order structure which is faulted, but the events do not correspond with
mapped faults. However, swarms also have occurred elsewhere where there are no mapped geologic
structures. Some small alignments are indicated by the migration of swarm events in the Saddle
Mountains.

An average displacement rate of 0.03 to 0.06 mm/yr (0.0012 to 0.0024 in/yr) was calculated. While a
fault model has been assumed, this estimate could represent the total deformation associated with a
wider zone north and south of the crest of the Saddle Mountains structure.

Because the average deformation rate of the region is 0.06 mm/yr (0.0024 in./yr), there would be

0.6 m (2 ft) of deformation in 10,000 years. This is much less than the 6.4 m (21 ft) of cover over the
tanks. Therefore, even if all displacement in the region were concentrated on one fault and that fault
intersected a tank, there would be only 0.6 m (2 ft) of displacement over 10,000 years and therefore,
waste would not be displaced to the surface. The tanks would most likely crack, allowing increased
infiltration to the groundwater.

E.4.5 SUMMARY OF ACCIDENTS

The potential consequences from nonradiological and nonchemical accidents that include occupational
and transportation impacts are summarized in Table E.4.5.1 The LCFs associated with representative
accidents for each component of the alternative are summarized in Table E.4.5.2 along with the
probability of the accident. The chemical hazards associated with representative accidents for each
component of the alternative are summarized in Table E.4.5.3. The chemical hazard is expressed as
exceedance of the ERPG threshold values.

Table E.4.5.1 Summary of Potential Nonradiological/Nonchemical Accident Consequences |

Total Recordable Cases Lost Workday Cases Fatalities |

Occupational Transportation Occupational Occupational Transportation

Construc- | Operation | Truck/ | Commuter | Construction | Operation {Construction| Operation | Truck/ | Commuter
tion Rail Rail

7.1E+01 [5.6E+02 10.6 5.0E+02 |1.8E+01 2.8E+02 |2.3E-02 8.1E-01 [1.1E-O1 |6.3E+00 |
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Table E.4.5.2 Summary of Potential Radiological Accident Consequences

Component Hazard Probability Latent Cancer Fatalities
Worker Noninvolved Worker General Public
MEI Population MEI Population MEI Population
nominal nominal nominal nominal nominal nominal
bounding | bounding | bounding | bounding | bounding| bounding
Continued spray leak  |1.3E-01 4.7E-02 |4.7E-01 7.7E-03 |2.9E-01 4.2E-05 |8.9E-02
Operation '
1.0E+00 [1.0E+01 1.0E+00 |6.6E+00 9.6E-04 |2.0E+00
Continued tank 8.6E-02 3.1E02 |3.1E-01 3.8E-03 |5.3E-M 1.1E-05 |1.0E-02
Operation 2 |deflagration
1.0E+00 |1.0E+01 1.0E+00 |9.9E+00 2.1E-03 }1.9E+00
Treatment  |dome 1.0E04  {9.8E-02 [9.8E-01  {23E-02 |1.6B01  [3.6E-05 [3.1E-02
collapse
P 1.0E+00 |1.0E+01 1.0E+00 ]1.1E+01 2.4E-03 |2.1E+00
BDBA Earthquake |1.7E-03 9.7E-02 |9.7E-01 2.3E-02 |1.6E-01 3.5E-05 |3.1E-02
1.0E+00 |1.0E+01 1.0E+00 |1.1E+01 2.4E-03 |2.1E+00
Notes:

! Tank waste transfer operations

? Unstabilized tank waste storage
BDBA = Beyond design basis accident
N/A = Not applicable

Table E.4.5.3 Chemical Exposures Resulting from Potential Operations and Transportation Accidents

Component Hazard Receptor Chemical Exposure
Acute Hazard | Acute Hazard | Acute Hazard
(ERPG-1) (ERPG-2) (ERPG-3)
nominal nominal nominal
bounding bounding bounding
Continued Mispositioned Worker population 1.3E+02., 6.8E+00, 2.7E+00¢,
Operations - jumper resulting LD LD LD
waste transfer in spray release.
Probability of MEI noninvolved 3.0E+00., <1.0 <1.0
accident is worker 1.0E+01,,, 5.4E+00y,, <1.0
1.3E-01 4.4E+00cs
MEI general public <1.0 <1.0 <1.0
<1.0 <1.0 <1.0
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Table E.4.5.3 Chemical Exposures Resulting from Potential Operations and Transportation Accidents (cont'd)

Component Hazard Receptor Chemical Exposure
Acute Hazard | Acute Hazard | Acute Hazard
(ERPG-1) (ERPG-2) (ERPG-3)
nominal nominal nominal
bounding bounding bounding
Continued Hydrogen Worker population 8.2E+00;,, 1.6E+00;,, 3.8E+00,
Operations - deflagration in 1.9E+02, 9.6E+00.,
waste tank storage't'ank. LD LD LD
storage Probability of
accident is MEI noninvolved 1.7TE+02;, 3.2E+01, 9.4E+005,,
8.6E-02 worker 3.8E+03¢, 2.0E+02., 7.9E+01.,
1.2E+04+,, 2.3E+03;,, 4.5E+02;,
9.3E+03¢, 4.8E+02, 1.9E+02,

Noninvolved worker 1.4E+01¢, <1.0° <1.0

population at 290 m

(950 ft) 4.5E+014,, 8.4E+00;,, 1.7E+0,,,
34E+01, 1.7E+00¢,

Noninvolved worker <1.0 <1.0 <1.0

population at 1,780

(5,840 ft) <1.0 <1.0 <1.0

MEI general public <1.0 <1.0 <1.0
<1.0 <1.0 <1.0

Treatment - fill Flammable gas Worker population 2.6E+00+,, 6.2E+01, 2.5E+0l1,
and cap deflagration in 1.2E+03¢;
tank resulting in LD LD LD
dome collapse.
Probability of MEI noninvolved 5.5E+01q, 1.4E+014,, 2.6E+00y,,
accident is worker 2‘5E+04Cll 1 3E+03CII 5. 1E+02Cll
1.0E-04 8.5E+04,, 4.4E+04,,, 2.2E+03,,,
3.6E+04., 1.8E+03, 7.3E+02,

Noninvolved worker 9.0E+01¢, 4.TE+00, 1.9E+00¢,

population at 290 m

(950 ft) 3.1E+02,,, 1.6E+02,,, 7.8E+005,,
1.3E+02, 6.7E+00., 2.7E+00,

Noninvolved worker 1.2E400¢, <1.0 <1.0

population at 1,780

(5,840 ft) 4.1E+00.,, 2.2E+00;,, <1.0
1.7E+00¢,

MEI general public <1.0 <1.0 <1.0
3.4E+001'm 1.8E+00Tnx <1.0
1.4E+00¢,

Beyond Design Seismic event Worker population 2.6E+00.,, 6.2E+01; 2.5E+01¢,
Basis Accident resulting in 1.2E+03;,
dome collapse of LD LD LD
a storage tank.
Probability of MEI noninvolved 5.5E+01 1, 1.4E+01;,, 2.6E+00;,,
accident is worker 2.5E+04., 1.3E+03, 5.1E+02,
1.7E-03 8.5E+04,,, 4.4E+04,,, 2.2E+03,,
3.6E+04, 1.8E+03, 7.3E+02,

Noninvolved worker 9.0E+01,, 4. 7TE+00, 1.9E+00,,

population at 290 m

(950 ft) 3.1E+02;,, 1.6E+02;,, 7.8E+00q,,
1.3E+02., 6.7E+00,, 2.7E+00,
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Table E.4.5.3 Chemical Exposures Resulting from Potential Operations and Transportation Accidents (cont'd)

Component Hazard Receptor Chemical Exposure
Acute Hazard | Acute Hazard | Acute Hazard
(ERPG-1) (ERPG-2) (ERPG-3)
nominal nominal nominal
bounding bounding bounding
Noninvolved worker 1.2E+00¢, <1.0 <1.0
population at 1,780
(5,840 ft) 4'1E+00Tnx 2.2E+OOTM <1.0
1.7E+00,,
MEI general public <1.0 <1.0 <1.0
3.4E+00,, 1.8E+00;,, <1.0
1.4E+00.,

Notes:

C/1 = corrosive/irritant effects
Tox = toxic effects )

LD = Lethal dose of radiation

E.5.0 IN SITU VITRIFICATION ALTERNATIVE
This section analyses the risk resulting from potential accidents associated with the In Situ Vitrification
alternative. The In Situ Vitrification alternative would involve the following activities:

. Construct and operate a tank farm confinement facility that would support in situ
vitrification of tank waste including MUSTs;

Waste transfer system upgrade construction (W-314);

. Continue evaporating liquid through the 242-A Evaporator;

) Fill tank voids with sand prior to in situ vitrification; and

. Construct Hanford Barriers over tank farms.

E.5.1 CONSTRUCTION ACCIDENTS

The construction activities associated with the In Situ Vitrification alternative are discussed in
Appendix B of the EIS. It should be noted there are no radiological or chemical consequences
associated with construction accidents. Occupational injuries, illnesses, and fatalities resulting from
potential construction accidents are calculated as follows.

The number of construction personnel was estimated at an average 2.25E+04 person-years

(Jacobs 1996). The total recordable injuries and illnesses, lost workday cases, and fatalities during the
22 years of construction were calculated using the incidence rates from Table E.1.2.1 as follows:
Total Recordable Cases = (2.25E+04 person-years) - (9.75E+00 incidences/100 person-years) =
2.19E+03

Lost Workday Cases = (2.25E+04 person-years) * (2.45E+00 incidences/100 person-years) =
5.51E+02

Fatalities = (2.25E+04 person-years) - (3.2E-03 fatalities/100 person-years) = 7.19E-01
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E.5.2 TRANSPORTATION ACCIDENTS
Transporting activities associated with this alternative include:

. Transporting construction material from offsite for the tank farms confinement facility
and the waste transfer system upgrade;

. Transporting earthen material from onsite borrow site for the waste transfer system
upgrade and to fill tank voids;

. Transporting aggregate from onsite borrow site for concrete;

. Transporting process chemicals for off-gas treatment;

. Transporting earthen material from onsite borrow site for the Hanford Barrier; and

. Employees commuting to work each day.

E.5.2.1 Radiological Cancer Risk

All operations would be conducted within established operating parameters for the tanks and would not
involve transporting radioactive materials by container. Therefore, there would be no radiological
cancer risks from transportation.

E.5.2.2 Chemical Exposure

Anhydrous ammonia would be transported to the Hanford Site by rail to support the off-gas treatment

process. The toxicological impacts of anhydrous ammonia were analyzed in Green (Green 1995). \
The annual quantities and annual shipments for in situ vitrification are similar to those analyzed in

Green (Green 1995). The toxicological impacts are summarized in Table E.5.2.1. Table E.5.2.1

compares the concentration of the postulated chemical release to exposure limits discussed in ‘
Section 1.1.7. The general public exposure to anhydrous ammonia would exceed the ratio of exposure

to ERPG-3 by 1.24E+01 and propane would exceed the ratio of exposure to ERPG-1 by 3.67E+00 for
corrosive/irritant chemicals. Based on the magnitude of the anhydrous ammonia exceedance potential

lethal effects would be expected.

E.5.2.3 Occupational Injuries and Fatalities

Truck and Rail Transportation

Injuries and fatalities resulting from direct impact of transportation accidents are analyzed in this
subsection. Truck and rail transportation activities to transport materials and supplies to the Site for
this alternative were estimated in the In Situ Vitrification engineering data package (WHC 1995f) and
are summarized in Table E.5.2.2. The total distance was calculated by multiplying the number of trips
by the round-trip distance.

The number of fatalities and injuries were calculated by multiplying the total distance traveled in each
zone, shown in Table E.5.2.3, by the appropriate unit risk factors shown in Table E.1.3.1.

The distance traveled in the population zones were calculated using the methodology previously
discussed in Section E.1.3. The expected injuries and fatalities resulting from transportation accidents
associated with the In Situ Vitrification alternative are summarized in Table E.5.2.4.
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Table E.5.2.1 Comparison of Chemical Concentrations to Corrosive/Irritant Concentration Limits for the In Situ
Vitrification Alternative

Analyte Exposure ERPG-1 ERPG-2 ERPG-3
(Threshold values are presented in mg/m’) (mg/m°) (mg/m°) (mg/m’) (mg/m’)
Anhydrous Ammonia ' Threshold Value 1.77E+01 1.42E+02 7.10E+02
Ratio of Exposure to ERPG
MEI General Public 8.77E+03 4.95E+02 6.18E+01 1.24E+01
Propane Threshold Value 1.80E+03 N/D 3.61E+04
Ratio of Exposure to ERPG
MEI General Public 6.60E+03 3.67E+00 TN/D 1.83E-01

Notes:

! ATHA ERPGs were used for anhydrous ammonia.

2 Propane is a simple asphyxiant with no listed ERPGs. The TWA (1,800 mg/m®) was used as a surrogate value for the
ERPG-1. The IDLH (36,100 mg/m®) was used as a surrogate value for the ERPG-3.

N/D = No data were available to establish an ERPG-2 with any certainty.

ERPG = Emergency response planning guideline values.

ERPG-1 = These are maximum airborne concentrations below which it is believed that nearly all individuals could be
exposed for up to 1 hour without experiencing other than mild transient adverse effects or perceiving a clearly defined
objectionable odor.

ERPG-2 = These are the maximum airborne concentrations below which it is believed that nearly all individuals could be
exposed for up to 1 hour without experiencing or developing irreversible or other serious health effects or symptoms that
could impair their abilities to take protective action.

ERPG-3 = These are the maximum airborne concentrations below which it is believed that nearly all individuals could be
exposed for up to 1 hour without experiencing or developing life-threatening health effects.

MEI = Maximally-exposed individual

Table E.5.2.2 Summary of Transportation Activities for the In Situ Vitrification Alternative

Activity Cargo Trips Distance Total distance (km)
(km) (round Onsite Offsite
trip)
Truck | Rail | Truck | Rail
Retrieval

Construction (W- | Sand/gravel 3.25E+02 1.00E+01' |3.25E+03 |[N/A N/A N/A

314) | Excavation 2.29E+03  |4.00E+00 |9.17E+03 |N/A  |N/A N/A
Backfill 2.75E+03 4.00E+00 1.10E+04 |N/A N/A N/A
Site preparation 3.43E+02 1.60E+01 5.49E+03 |[N/A N/A N/A
Concrete 6.42E+02 6.00E+00 3.85E+03 N/A N/A N/A
Burial 1.30E+01 1.60E+01 2.08E4+02 [N/A N/A N/A
Consumables 3.00E+00 1.40E4+022 |N/A N/A 420E+02 |N/A
Cement 1.10E+01 8.00E+02% {N/A N/A N/A 8.80E+03
Steel 2.40E+01 8.00E+02°% |N/A N/A N/A 1.92E+04

Remediate - In Situ Vitrification

Construction Site preparation 6.88E+03 1.60E+01 1.10E+05 |N/A N/A N/A
Sand/gravel 1.14E+04 1.00E+01 1.14E+05 |[N/A N/A N/A
Concrete 2.13E+04 6.00E+00 1.28E+05 |N/A N/A N/A
Burial 1.80E+04 1.60E+01 2.88E+05 |[N/A N/A N/A
Diesel 1.85E+03 1.40E+02% |N/A N/A 2.59E+05 [N/A
Consumables 9.00E+03 1.40E+02% |N/A N/A 1.26E4+06 |N/A
Cement and steel |2.50E+02 8.00E+02* |[N/A N/A N/A . 2.00E+05
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Table E.5.2.2 Summary of Transportation Activities for the In Situ Vitrification Alternative (cont'd)

Activity Cargo Trips Distance Total distance (km)
(km) {round Onsite Offsite
trip)
Truck Rail Truck Rail

Operation Burial 4.91E+03 1.60E+01 7.86E+04 |N/A N/A N/A
Sand/gravel 2.38E+04 1.00E+01' ]2.38E+05 [N/A N/A N/A
Diesel 3.22E+02 1.40E+02% |N/A N/A 4.51E+04 |[N/A
Glass form 6.00E+00 8.00E+02% [N/A N/A N/A 4.80E+ 03
NH, 3.00E+02 1.40E+022 |N/A N/A 4.20E+04 |N/A

Closure

Barrier Silt 3.09E+ 04 3.00E+01 ¢ [9.26E+05 |N/A N/A N/A
Sand/gravel 3.47E+04 1.00E+01' |[3.47E4+05 [N/A N/A N/A
Basalt 5.22E+ 04 3.20E+01° |1.67TE+06 |N/A N/A N/A
Diesel 2.39E+03 1.40E+02% |N/A N/A 3.35E+05 |N/A
Asphalt 5.12E+03 1.40E+02% |N/A N/A 7.17E+05 N/A
Fabric 2.00E+00 8.00E+02°% [N/A N/A 1.60E+03 |[N/A

Total km 3.93E+06 |N/A 2.66E+06 |2.33E+05

Notes:

' Round-trip distance from Pit 30 borrow site.
? Round-trip distance from Tri-Cities area.
3 Round-trip distance from Portland/Seattle area.

* Round-trip distance from McGee Ranch borrow site.
’ Round-trip distance from Vernita Quarry borrow site.

N/A = Not applicable

Table E.5.2.3 Distance Traveled in Population Zones for the In Situ Vitrification Alternative

Mode Urban'* Suburban 2 Rural *
Truck 1.33E+05 km 4.07E+06 km 2.39E+06 km
Rail 1.16E+04 km 1.16E+04 km 2.01E+05 km
Notes:

! Urban represents 5 percent of total offsite distance from Table E.5.2.2.
2 Suburban represents 5 percent of total offsite distance and 100 percent of total onsite distance from Table E.5.2.2.
* Rural represents 90 percent of total offsite distance from Table E.5.2.2.

Table E.5.2.4 Injuries/Fatalities Resulting from Truck and Rail Transportation Accidents for the
In Situ Vitrification Alternative

Mode Impact Urban Suburban Rural Total Total
Fatality Injury
Truck Fatality 9.97E-04 5.29E-02 1.27E-01 1.81E-01 N/A
Injury 4.92E-02 1.55E+00 1.91E+00 N/A 3.51E+00
Rail Fatality 1.98E-04 1.98E-04 3.56E-03 3.96E-03 N/A
Injury 3.84E-04 3.84E-04 6.91E-03 N/A 7.68E-03
Total 1.85E-01 3.52E+00
Notes:
N/A = Not applicable
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Employee Traffic

In addition to transporting materials and supplies to and from the Hanford Site by truck and rail, Site
workers and other personnel required to perform the various activities would be driving to the Site in
their vehicles. The total person-years to perform the activities was estimated at 4.88E+04

(Jacobs 1996).

Each person was assumed to work 260 days of the year. The round-trip distance traveled to work from
the Tri-City area was estimated at 140 km (87 mi) with an estimated 1.35 passengers per vehicle

(DOE 1994a). The total personnel vehicle distance was therefore calculated to be 1.32E+09 km
(8.2E+09 mi).

To calculate the expected number of injuries and fatalities resulting from vehicle accidents, the
injury/fatality rates discussed in Section 1.3 were used. The expected number of injuries and fatalities
resulting from employee vehicle accidents was calculated as follows:

Injuries = (1.32E+09 km) - (7.14E-7 injuries/km) = 9.40E+02

Fatalities = (1.32E+09 km) - (8.98E-9 fatalities/km) = 1.18E+01

Cumulative Transportation Injuries and Fatalities

The cumulative nonradiological and nontoxicological injuries and fatalities incurred as a direct result of
traffic accident impacts is the sum of the truck, rail, and employee vehicle accidents. The results are
summarized in Table E.5.2.5.

Table E.5.2.5 Cumulative Injuries and Fatalities from Traffic Impacts for the In Situ Vitrification Alternative

Mode Fatalities Injuries
Truck and Rail 1.85E-01 3.52E+00
Employee Vehicle 1.18E+401 9.40E +02
Total 1.20E+01 9.44E+02

E.5.3 OPERATION ACCIDENTS
The potential exists for accidents resulting from operation activities. The operations are discussed in

Appendix B.

This analysis separates and analyzes operations according to the following modes of operation:

. Continued operations - These operations have been previously discussed in the No
Action alternative;

. Treatment - An off-gas hood would be placed over the tank and a confinement
enclosure installed over the hood and the tank farm. The void space in the tank is filled
with sand from the Hanford Site. Electrodes are positioned in the tank and surrounding
the tank, and the tank waste is vitrified in place as well as the soil column surrounding
the tanks.
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o Hanford Barrier - After vitrification, the off-gas hood and confinement enclosure are
removed. A multi-layer barrier of earthen material would be placed over the tank
farms.

The dominant accident scenarios analyzed in the following subsections were selected from the Accident
Screening Table (Table E.5.3.1). The accidents listed in Table E.5.3.1 were taken from the accident
analysis data package (Shire et al. 1995 and Jacobs 1996). The methodology of screening was
previously discussed in Section 1.1.2.

E.5.3.1 Continued Operation Accidents - Tank Waste Transfers

The dominant continued operations accident during tank waste transfers is the "mispositioned jumper
accident” previously discussed in the No Action alternative in Section E.2.2.1 and is summarized as
follows:

Source-term - The source-term resulting from a spray release in Section E.2.2.1.1 was calculated to be
52 L (14 gal).

Probability - The frequency of a mispositioned jumper in Section E.2.2.1.2 was 1.1E-02 per year.
The In Situ Vitrification alternative is based on 16 years of operations. Therefore, the probability for
the In Situ Vitrification alternative was calculated to be 1.8E-01.

Radiological Consequences - The radiological consequences presented in Table E.2.2.2 are
reproduced in Table E.5.3.2.

Radiological Cancer Risk - The LCFs calculated in Section E.2.2.1.4 are the same for the In Situ
Vitrification alternative; however, the LCF point estimate risk is not the same due to the difference in
probabilities. The LCFs and the LCEF risk are calculated in Table E.5.3.3. The bounding calculations
show all 10 workers would potentially receive a fatal dose and assumably die directly after the
exposure if the accident occurred. Approximately seven noninvolved workers would receive fatal
cancers and there would be two fatal cancers to the general public. The nominal scenario calculations
show there would be no LCFs. -

Chemical Consequences

Potential acute hazards associated with a mispositioned jumper are identical to those summarized in
Tables E.2.2.4 (toxic chemicals, nominal conditions), E.2.2.5 (toxic chemicals, bounding conditions),
E.2.2.6 (corrosive/irritant chemicals, nominal conditions) and E.2.2.7 (corrosive/irritant chemicals,
bounding conditions) for the No Action alternative.
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Table E.5.3.1 Accident Screening Table for the In Situ Vitrification Alternative
Activity Hazard Cause Severity Annual | Risk
Frequency
Mode - Continued Operations
Waste Spray 4.1.3 Ruptured SST submersible pump line in valve pit with | No A 4
Transfer cover on - 80 psi _
4.1.4 Mispositioned jumper in SST DCRT pump pit with No A 4
cover on - 207 psi
4.1.5 Mispositioned jumper in DST DCRT pump pit with No A 4
cover on - 207 psi
4.1.6 Mispositioned jumper in SST valve pit with cover off - |Low A 8
80 psi
4.1.7 Mispositioned jumper in SST DCRT pump pit with | High U 12
cover off - 207 psi
4.1.8 Mispositioned jumper in DST DCRT pump pit with High U 12
cover off - 207 psi
4.1.12 Valve stem seal leak in cross-site transfer line - 1500 | No EU 2
psi '
Leak 4.1.9 Aging waste pipeline break due to excavation activities | Low EU
4.1.10 DST pipeline break due to excavation activities Low EU
4.1.11 Cross-site transfer line break due to excavation Low EU 4
activities
Evaporator | Leak 4.2.1 Corroded underground slurry line leak during Low BDBA 2
Operations emergency dump
4.2.4 Underground slurry line leak due to excavation activity |Low EU 4
Spray 4.2.2 Leak at connection between jumper and wall nozzle in | No A
P-B-2 Pump Room with filtration - 240 psi
4.2.3 Leak at connection between jumper and wall nozzle in | No A 4
P-B-2 Pump Room with filter damage - 240 psi
Fire/ 4.2.5 Red oil compound deflagrate or burn under elevated No BDBA 1
deflagration |temperature in evaporator
4.2.6 Flammable compounds ignite under elevated No BDBA 1
temperature in evaporator
4.2.7 Second-phase organics compounds ignite under elevated | No BDBA 1
temperature in evaporator collection tank
Ventilation - -
fal 4.2.8 Earthquake spills slurry in evaporator vessel and Moderate | U 9
atjure ruptures building ventilation
Mode - Treatment
In situ Mechanical }4.4.4.1 Confinement collapse due to dropped machine No U 3
vitrification | impact 4.4.4.2 Dropped electrode No U 3
Ventilation }4.4.4.3 Rupture of off-gas duct Low U 6
failure 4.4.4.8 Loss of filtration - off-gas system No A 4
confinement |4.4.4.4 Earthquake ruptures confinement Low EU 4
failure
Fire 4.4.4.5 Flammable gas burps accumulate and burn No 3
Explosion 4.4.4.6 Steam explosion during melt process No 19) 3
Organic 4.4.4.7 Organic reaction No U 3
reaction
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Table E.5.3.1 Accident Screening Table for the In Situ Vitrification Alternative (cont'd)

Activity Hazard Cause Severity Annual | Risk
Frequency

Mode - Disposal/Storage

Vitrified Leak Breach of vitrified tanks No BDBA
tank storage '

—_—

Notes: :

A = Anticipated 1E-2 to 1 (value = 4)

BDBA = Beyond design basis accident 1E-7 to 1E-6 (value = 1)

DCRT = Double contained receiver tank

EU = Extremely unlikely 1E-6 to 1E-4 (value = 2)

High = Onsite fatalities, offsite exposure > 1E-1 rem (value = 4)

Low= Onsite exposure < 5 rem, offsite exposure insignificant (value = 2)
Moderate= Onsite exposure > 5 rem, offsite exposure < 1E-1 rem (value = 3)
No = Negligible onsite and offsite impacts; <0.005 rem onsite, < 0.0001 rem offsite (value = 1)
SST = Single-shell tank

U = Unlikely 1E-4 to 1E-2 (value = 3)

Table E.5.3.2 Dose Consequence from Mispositioned Jumper

Receptor Dose CEDE (person-rem)
Nominal Scenario Bounding Scenario
MEI worker 5.88E+01 1.33E+03
Workers (10)’ 5.88E+02 1.33E+04
MEI noninvolved worker 1.92E+01 4.35E+02
Noninvolved worker (1,835)" 7.23E+02 1.64E+04
MEI general public 8.44E-02 1.91E+00
General public (114,734)' 1.77E+02 4.01E+03

Notes:

! Number of people in exposed population.
CEDE = Committed effective dose equivalent
MEI = Maximally-exposed individual

Toxic Impact from Chemical Exposure

Under nominal conditions (Table E.2.2.4), the cumulative acute hazard ratios for the MEI worker,
MEI noninvolved worker and MEI general public were less than 1.0, indicating that no adverse acute
health effects would be expected for these three receptors. Under bounding conditions (Table E.2.2.5),
the MEI worker was not evaluated because death would occur from exposure to radionuclides. The
cumulative acute hazard ratio for the MEI noninvolved worker was 5.36E+00 for ERPG-2, indicating
that reversible acute health effects would be expected. This acute hazard ratio was primarily
attributable to mércury (approximately 89 percent of the overall hazard ratio). No adverse acute health
effects were predicted for the MEI general public under bounding conditions.
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Table E.5.3.3 Latent Cancer Fatality Risk from Mispositioned Jumper

Receptor Dose CEDE LCF/rem LCF' Probability LCF Risk
(person-rem) (point estimate)
Nominal Scenario
MEI worker 5.88E+01 8.00E-04 4.70E-02 1.76E-01 8.28E-03
Workers (10)" 5.88E+02 8.00E-04 4.70E-01 1.76E-01 8.28E-02
MEI noninvolved worker 1.92E+01 4.00E-04 7.68E-03 1.76E-01 1.35E-03
Noninvolved worker (1,835)" 7.23E+02 4.00E-04 '2.89E-01 1.76E-01 5.09E-02
MEI general public 8.44E-02 5.00E-04 4.22E-05 1.76E-01 7.43E-06
General public (114,734)' 1.77E+02 5.00E-04 8.85E-02 1.76E-01 1.56E-02
Bounding Scenario i
MEI worker 1.33E+03 lethal 1.00E+00 | 1.76E-01 1.76E-01
Workers (10)' 1.33E+04 lethal 1.00E+01 | 1.76E-01 1.76E+00
MEI noninvolved worker 4.35E+02 lethal 1.00E+00 | 1.76E-01 1.76E-01
Noninvolved worker (1,835)" 1.64E+04 4.00E-04 6.56E+00 | 1.76E-01 1.15E+00
MEI general public 1.91E+00 5.00E-04 9.55E-04 1.76E-01 1.68E-04
General public (114,734)" ‘ 4.01E+03 5.00E-04 2.01E+00 | 1.76E-01 3.53E-01
Notes:

" Total number of fatal cancers if the accident occurs.
2 Number of people in exposed population.

CEDE = Committed effective dose equivalent

LCF = Latent cancer fatality

MEI = Maximally-exposed individual

Corrosive/Irritant Impact from Chemical Exposure

Under nominal conditions (Table E.2.2.6), the cumulative acute hazard ratio for the MEI worker was
2.70E+00 for ERPG-3, indicating the potential for irreversible health effects that could be life-
threatening. This acute hazard ratio was almost entirely attributable to sodium assumed to be
equivalent to sodium hydroxide in corrosive/irritant effects. For the MEI noninvolved worker, the
cumulative acute hazard ratio for ERPG-1 was 3.00E+00, indicating that only mild reversible irritant
effects would be expected. No acute health impacts were predicted for the MEI general public under
nominal conditions. Under bounding conditions (Table E.2.2.7), the MEI worker was not evaluated
because death would occur from exposure to radionuclides. For the MEI noninvolved worker, the
cumulative acute hazard ratio for ERPG-1 was 4.36, indicating that only mild reversible irritant effects
would be expected. No acute health impacts were predicted for the MEI general public under
bounding conditions.

Under both nominal and bounding conditions, the probability of a mispositioned jumper is 1.76E-01.

Corrosive/Irritant Impact from Chemical Exposure

For the MEI worker, the cumulative ratio of exposure to ERPG-2 values for corrosive/irritant
chemicals was 1.93E+00, exceeds 1.0, and would be indicative of reversible acute effects. The MEI
noninvolved worker cumulative ratio of exposure to ERPG-1 values was 3.10E+00. This acute hazard
index is primarily attributable to sodium hydroxide (approximately 90 percent of the total hazard).
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The acute hazard index for the MEI general public was less than 1.0 for ERPG-1 comparisons and
would not be indicative of acute effects.

E.5.3.2 Continued Operations Accident - Waste Storage Tanks
The dominant accident is a hydrogen deflagration in a waste storage tank previously discussed in the
No Action alternative in Section E.2.2.2.1 and is summarized as follows:

Source-term - The source-term resulting from a hydrogen deflagration in Section E.2.2.2.1 was
calculated to be 2.4 L (0.6 gal).

Probability - The frequency of the hydrogen deflagration in a waste storage tank in Section E.2.2.2.2
was estimated to be 7.2E-03 per year. The probability of the scenario based on 16 years of operation
was therefore estimated to be 1.2E-01.

Radiological Consequences - The radiological consequences presented in Table E.2.2.8 are
reproduced in Table E.5.3.4.

Radiological Cancer Risk - The LCFs calculated in Section E.2.2.2.4 are reproduced in Table
E.5.3.5.

In the bounding scenario all 10 workers would potentially receive a fatal dose and would assumably die
directly after the exposure. There would also be 10 LCFs attributed to the exposure to the noninvolved
workers and 2 LCFs to the general public if the accident occurred. The nominal scenario calculations
show there would be no LCFs.

Table E.5.3.4 Dose Consequence from Hydrogen Deflagration in Waste Storage Tank

Receptor Dose CEDE (person-rem)
Nominal Bounding
MEI worker 3.91E+01 7.31E+03
Workers (10) 3.91E+02 7.31E+04
MEI noninvolved worker 9.40E+00 1.76E+03
Noninvolved worker (1,835)' 1.32E+02 2.47E+04
MEI general public 2.28E-02 4.26E+00
General public (114,734)" ' 1.99E+01 3.72E+03

Notes:

! Number of people in expose population
CEDE = Committed effective dose equivalent
MEI = Maximally-exposed individual
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Table E.5.3.5 Latent Cancer Fatality Risk from Hydrogen Deflagration in Waste Storage Tank

Receptor Dose CEDE | LCF/rem LCF! Probability LCF Risk
(person-rem) (point estimate)
Nominal Scenario
MEI worker 3.91E+01 8.00E-04 3.13E-02 1.15E-01 3.60E-03
Workers (10)' 3.91E+02 8.00E-04 3.13E-01 1.15E-01 3.60E-02
MEI noninvolved worker 9.40E+00 4.00E-04 3.76E-03 1.15E-01 4.32E-04
Noninvolved worker (1,835)" 1.32E+02 4.00E-04 5.28E-02 1.15E-01 6.07E-03
MEI general public 2.28E-02 5.00E-04 1.14E-05 1.15E-01 1.31E-06
General public (114,734)’ 1.99E+01 5.00E-04 9.95E-03 1.15E-01 1.14E-03
Bounding Scenario '
MEI worker 7.31E+03 lethal 1.00E+00 1.15E-01 1.15E-01
Workers (10)' 7.31E+04 lethal 1.00E+01 1.15E-01 1.15E+00
MEI noninvolved worker’ 1.76E+03 lethal 1.00E+00 1.15E-01 1.15E-01
Noninvolved worker (1,835) 2.47E+04 4.00E-04 9.88E+00 1.15E-01 1.14E+00
MEI general public 4.26E+00 5.00E-04 2.13E-03 1.15E-01 2.45E-04
General public (114,734)" 3.72E+03 5.00E-04 1.86E+00 1.15E-01 2.14E-01
Notes:

! Total number of fatal cancers if the accident occurs.
2 Number of people in exposed population.

CEDE = Committed effective dose equivalent

LCF = Latent cancer fatality

MEI = Maximally-exposed individual

Chemical Consequences

Potential acute hazards associated with a hydrogen burn in a waste storage tank are identical to those
summarized in Tables E.2.2.10 (toxic chemicals, nominal conditions), E.2.2.11 (toxic chemicals,
bounding conditions), E.2.2.12 (corrosive/irritant chemicals, nominal conditions) and E.2.2.13
(corrosive/irritant chemicals, bounding conditions) for the No Action alternative.

Under bounding conditions, chemical impacts were not evaluated for the MEI worker because all
workers would receive a lethal radiation dose as discussed previously.

Toxic Impact from Chemical Exposure

Under nominal conditions (Table E.2.2.10), the cumulative acute hazard ratio for the MEI worker was
1.57E+00 for ERPG-2, indicating that reversible acute health effects would be expected. This acute
hazard ratio was primarily attributable to TOC (approximately 87 percent of the overall ERPG-2 ratio).
The TOC is assumed to be equivalent in toxicity to tributylphosphate, which is the most acutely toxic
constituent of the organic analytes identified. Tributylphosphate was used as a surrogate because an
inventory of the various chemicals that make up the TOC class is not available. For the MEI
noninvolved worker, the cumulative acute hazard ratio for ERPG-3 was 9.38E+00, indicating the
potential for irreversible health effects that could be life-threatening. This acute hazard ratio was also
primarily attributable to TOC (approximately 90 percent of the overall ERPG-3 ratio). However, the
MEI noninvolved worker is a hypothetical worker assumed to be located 100m (330 ft) from the source
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area. The first anticipated noninvolved worker population is located 290 m (950 ft) from the source
area and had no cumulative acute hazard ratios greater than 1.0 for any of the ERPGs, indicating that
no acute health effects would be expected for the nearest noninvolved worker population. Likewise, no
acute health effects were predicted for the MEI general public under nominal conditions.

Under bounding conditions (Table E.2.2.11), the cumulative acute hazard ratio for the MEI
noninvolved worker was 4.54E+02 for ERPG-3, indicating the potential for irreversible health effects
that could be life-threatening. This acute hazard ratio is primarily attributable to:

. Oxalate (approximately 37 percent of the total hazard ratio);

. Beryllium (approximately 13 percent of the total hazard ratio);

. Cadmium (approximately 14 percent of the total hazard ratio);

. Uranium (approximately 12 percent of the total hazard ratio); and
. TOC (approximately 8 percent of the total hazard ratio).

As discussed previously, this is a hypothetical receptor located 100m (330 ft) from the source.

The cumulative acute hazard ratio for the nearest noninvolved worker population located 290 m (950 ft)
from the source was 1.65E+00 for ERPG-3, indicating the potential for irreversible health effects that
could be life threatening for 335 workers. This hazard ratio was attributable to the same toxic
chemicals listed above. This exceedance of the ERPG-3 criterion for the nearest noninvolved worker
population would not be expected to result in irreversible health effects or place these workers in a life-
threatening situation for the following reasons.

. ERPG-3 is defined as a concentration in which a receptor can be exposed for 1 hour
without irreversible health effects. Because the Hanford Site has an in-place
emergency response plan designed to evacuate workers within 1 hour of an accident,
workers would be expected to evacuate their location and move to an area where
potential exposures would be well below ERPG-3. Therefore, this worker population
would not be exposed to airborne concentrations that would be either life threatening or
result in irreversible health effects.

. The estimated air concentrations of chemicals as a result of this accident were based on
very conservative meteorology, which results in movement of a plume directly toward
the worker population at a relatively slow rate with minimal wind dispersion. If less
conservative meteorological parameters were used, wind dispersion would cause the
estimated air concentrations of chemicals to be substantially less, and the ERPG-3
criterion would not be exceeded.

. Only the bounding toxic chemical evaluation exceeded ERPG-3, while the nominal
evaluation was well below 1.00E+00 for ERPG-3, suggesting that the noninvolved
worker population would not receive an exposure that would result in any permanent
health effects.

The next nearest noninvolved worker population is located 1,780 m (5,840 ft) from the source and
contains 1,500 workers. The cumulative acute hazard ratio was less than 1.0 for all ERPGs, indicating
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that no acute health effects would be expected for this population of workers. No acute health impacts
were predicted for the MEI general public.

Corrosive/Irritant Impact from Chemical Exposure

Under nominal conditions (Table E.2.2.12), the cumulative acute hazard ratio for the MEI worker was
3.82E+00 for ERPG-3, indicating the potential for irreversible corrosive/irritant effects that could be
life threatening. For the MEI noninvolved worker, the cumulative acute hazard ratio for ERPG-3 was
- 7.89E+01 and would indicate irreversible corrosive/irritant effects that could be life threatening for
this hypothetical receptor. This hazard ratio was primarily attributable to sodium, which was assumed
to be equivalent to sodium hydroxide in corrosive/irritant effects. For the nearest noninvolved worker
population (290 m [950 ft]) composed of 335 workers, the cumulative acute hazard ratio for ERPG-1
was 1.38E+01, indicating that only mild reversible effects would be expected. No acute health impacts
were predicted for the MEI general public under nominal conditions.

Under bounding conditions (Table E.2.2.13), the cumulative acute hazard ratio for the MEI
noninvolved worker was 1.91E+02 for ERPG-3, indicating irreversible health effects that could be life
threatening for this hypothetical receptor. This hazard ratio was primarily attributable to :

. Sodium as sodium hydroxide (approximately 75 percent of the total hazard ratio);
. Chromium (approximately 14 percent of the total hazard ratio); and
. Calcium (approximately 6 percent of the total hazard ratio).

For the nearest noninvolved worker population (290 m [950 ft]) composed of 335 workers, the
cumulative acute hazard ratio was 1.74E+00 for ERPG-2, indicating that reversible acute effects
would be expected. No acute health impacts were predicted for the MEI general public under nominal
conditions.

Under both nominal and bounding conditions, the probability of a hydrogen deflagration event in a
waste storage tank is 1.15E-01. :

E.5.3.3 Treatment Accidents

Types of potential accidents with treatment include ventilation failure, fire, explosion, exothermic
reactions, mechanical impacts, and criticality. From Table E.5.3.1 the credible accident identified as
having the highest risk was Accident 4.4.4.3, "rupture off-gas duct”. It was postulated that a
double-ended break occurs in the off-gas line between the off-gas hood and the off-gas treatment
facility. The initiating event was postulated to be an earthquake.

E.5.3.3.1 Scenario and Source-term Development for Off-Gas Rupture

Most radionuclides are volatilized at the vitrifying temperature and would be drawn into the off-gas
hood and ventilation system by exhaust flow. The break would result in a release directly to the
environment without the benefit of off-gas treatment.
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The normal off-gas flow was calculated to be 300 m*/min. A respirable airborne concentration of

200 mg/m’ was assumed in the tank headspace because of the high temperature associated with the

vitrification process. The airborne concentration was assumed to be less than 30 percent radioactive

waste because of the presence of a frit. An SpG of 1.00 was assumed for the tank waste.

The exposure time was assumed to be 16 hours. The respirable source-term was calculated as follows:
(300 m*/min) - (200 mg/m?) - (30 percent) - (1.0E-06 L/mg) - (960 min) = 17 L (4.6 gal)

The annual exceedance frequency of the earthquake was assumed to be 1.00E-03 in the accident data
package (Shire et al. 1995 and Jacobs 1996). The probability for this scenario based on 16 years of

operation was therefore estimated to be 1.6E-02.

E.5.3.3.3 Radiological Consequence of Off-Gas Duct Rupture
The radiological dose to the receptors from the previous source-term was calculated by the GENII
computer code (Napier et al. 1988) using the methodology previously discussed in Section 1.1.6.

The results are presented in Table E.5.3.6.

E.5.3.3.4 Radjological Cancer Risk for Off-Gas Duct Rupture

The LCFs and the LCF point estimate risk were calculated for the receptors and presented in
Table E.5.3.7.

Table E.5.3.6 Dose Consequence for Off-Gas Duct Rupture

Receptor Dose CEDE (person-rem)
Nominal Scenario Bounding Scenario
MEI worker 1.97E+01 3.69E+03
Workers (10)’ 1.97E+02 3.69E+04
MEI noninvoived worker 6.45E+00 1.21E+03
Noninvolved worker (1,835)" 2.43E+02 4.54E+04
MEI general public 2.82E-02 5.27E+00
General public (114,734)" 5.91E+01 1.10E+04

Notes:

! Number of people in exposed population
CEDE = Committed effective dose equivalent
MEI = Maximally-exposed individual

In the bounding scenario all 10 workers would potentially receive a fatal dose and assumably die
directly after the exposure. The calculations show there would be 36 fatal cancers to the noninvolved
worker population and 5 fatal cancers to the general public population attributable to this exposure if
the accident occurred. The nominal scenario calculations show there would be no LCFs.
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Appendix E Risk from Accidents

Table E.5.3.7 Latent Cancer Fatality Risk from Off-Gas Duct Rupture

Receptor Dose LCF/rem LCF' Probability LCF Risk
(person-rem) (point estimate)
. Nominal Scenario

MEI worker 1.97E+01 4.00E-04 7.88E-03 1.60E-02 1.26E-04
Workers (10)’ 1.97E+02 4.00E-04 7.88E-02 1.60E-02 1.26E-03

MEI noninvolved worker 6.45E+00 4.00E-04 2.58E-03 1.60E-02 4.13E-05
Noninvolved worker (1,835)’ 2.43E+02 4.00E-04 9.72E-02 1.60E-02 1.56E-03

MEI general public 2.82E-02 5.00E-04 1.41E-05 1.60E-02 2.26E-07
General public (114,734)" 5.91E+01 5.00E-04 2.96E-02 1.60E-02 4.73E-04

Bounding Scenario '

MEI worker 3.69E+03 lethal 1.00E+00 1.60E-02 1.60E-02
Workers (10)' 3.69E+04 lethal 1.00E+01 1.60E-02 - 1.60E-01

MEI noninvolved worker - 1.21E+03 lethal 1.00E+00 1.60E-02 1.60E-02
Noninvolved worker (1,835)" 4.54E+04 8.00E-04 3.63E+01 1.60E-02 5.81E-01

MEI general public 5.27E+00 5.00E-04 2.64E-03 1.60E-02 4.22E-05
General public (114,734)" 1.10E+04 5.00E-04 |5.50E+00 |1.60E-02 |8.80E-02
Notes:

! Total number of fatal cancers if the accident occurs.

? Risk of receiving lethal dose. Receptor would potentially die from lethal dose, not from latent cancer..

LCF = Latent cancer fatality R
MEI = Maximally-exposed individual

ES5.3.35 Chemical Consequences of Off-Gas Duct Rupture

The chemical exposure to the receptors from the postulated accident was calculated in Appendix A of
the accident data package (Shire et al. 1995 and Jacobs 1996) and summarized in the exposure column
in Tables E.5.3.8 and E.5.3.9 for the nominal and bounding toxic effects, respectively, and

Tables E.5.3.10 and E.5.3.11 for the nominal and bounding corrosive/irritant effects, respectively.
The tables compare the concentration of postulated chemical releases to acute exposure criteria
(ERPGs) discussed in Section 1.1.7.

Under bounding conditions, chemical impacts were not evaluated for the MEI worker because all
workers would receive a lethal radiation dose, as discussed previously.

Toxic Impact from Chemical Exposure

Under nominal conditions (Table E.5.3.8), the cumulative acute hazard ratios for the MEI worker,
MEI noninvolved worker and MEI general public were less than 1.0, indicating that no adverse acute
health effects would be expected for these three receptors. Under bounding conditions (Table E.5.3.9),
the cumulative acute hazard ratio for the MEI noninvolved worker was 1.54 for ERPG-1, indicating
that only mild, transient acute health effects would be expected. No adverse acute health effects were
predicted for the MEI general public under bounding conditions.
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Table E.5.3.8 Comparison of Nominal Chemical Concentrations to Toxic Concentration Limits for
Off Gas Duct Rupture - DST Solids

Analyte Exposure | ERPG-1 ERPG-2 ERPG-3
(Threshold values are presented in mg/m’) (mg/m>) (mg/m®) (mg/m’) (mg/m”*)
Arsenic ' Threshold Value 1.00E-01 7.00E+00 4.00E+01
Ratio of Exposure to ERPG
MEI worker 2.20E-03 2.20E-02 3.14E-04 5.50E-05
MEI noninvolved worker 5.05E-05 5.05E-04 7.21E-06 1.26E-06
MEI general public 2.01E-09 2.01E-08 2.87E-10 5.03E-11
Beryllium * Threshold Value 6.00E-03 2.50E-02 1.00E-01
Ratio of Exposure to ERPG
MEI worker 1.56E-04 | 2.60E-02 6.24E-03 1.56E-03
MEI noninvolved worker 3.58E-06 5.97E-04 1.43E-04 3.58E-05
MEI general public 1.42E-10 | 2.37E-08 5.68E-09 1.42E-09
Cadmium * Threshold Value 2.00E-01 1.00E+00 1.00E+01
’ Ratio of Exposure to ERPG
MEI worker 1.07E-02 | 5.35E-02 1.07E-02 1.07E-03
MEI noninvolved worker 2.46E-04 1.23E-03 2.46E-04 2.46E-05
MEI general public 9.80E-09 | 4.90E-08 9.80E-09 9.80E-10
Cerium * Threshold Value 7.00E+01 | 5.00E+02 7.00E+02
Ratio of Exposure to ERPG
MEI! worker 5.33E-03 7.61E-05 1.07E-05 7.61E-06
MEI noninvolved worker 1.22E-04 1.74E-06 2.44E-07 1.74E-07
MEI general public 4.87E-09 | 6.96E-11 9.74E-12 6.96E-12
Mercury ° Threshold Value 7.50E-02 1.00E-01 1.40E+01
Ratio of Exposure to ERPG
MEI worker 1.01E-04 1.35E-03 1.01E-03 7.21E-06
MEI noninvolved worker 2.33E-06 | 3.11E-05 2.33E-05 1.66E-07
MEI general public 9.26E-11 1.23E-09 9.26E-10 6.61E-12
Uranyl ¢ Threshold Value 1.13E+00 1.13E+01 2.27E+01
Ratio of Exposure to ERPG
MEI worker 5.25E-02 | 4.65E-02 4.63E-03 2.31E-03
MEI noninvolved worker 1.21E-03 1.07E-03 1.07E-04 5.33E-05
MEI general public 4.80E-08 | 4.25E-08 4.23E-09 2.12E-09
Vanadium ’ Threshold Value 1.20E+00 1.10E+01 4.00E+01
Ratio of Exposure to ERPG
MEI worker 4.34E-04 3.62E-04 3.95E-05 1.09E-05
MEI noninvolved worker 9.96E-06 8.30E-06 9.05E-07 2.49E-07
MEI general public 3.96E-10 3.30E-10 3.60E-11 9.90E-12
Total Organic |Threshold Value 3.00E+00 1.50E+01 5.00E+01
Carbon Ratio of Exposure to ERPG
(@stributy ' [ETS rker 2.31E+00 | 7.70E-01 | 1.54E-01 4.62E-02
phosphate) ? -
MEI noninvolved worker 5.29E-02 1.76E-02 3.53E-03 1.06E-03
MEI general public 2.11E-06 7.03E-07 1.41E-07 4.22E-08
Total MEI worker ratios 9.20E-01 1.77E-01 5.12E-02
Total MEI noninvolved worker ratios 2.11E-02 4.05E-03 1.17E-03
Total MEI general public ratios 8.40E-07 1.62E-07 4.68E-08
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Table E 5.3.8 Comparison of Nominal Chemical Concentrations to Toxic Concentration Limits for
Off Gas Duct Rupture - DST Solids (cont'd)

Notes:

ERPG = Emergency response planning guideline values.

ERPG-1 = These are maximum airborne concentrations below which it is believed that nearly all individuals could be exposed
for up to one hour without experiencing other than mild transient adverse effects or perceiving a clearly defined objectionable
odar.

ERPG-2 =These are the maximum airborne concentrations below which it is believed that nearly all individuals could be
exposed for up to one hour without experiencing or developing irreversible or other serious health effects or symptoms that
could impair their abilities to take protective action.

ERPG-3 = These are the maximum airborne concentrations below which it is believed that nearly all individuals could be
exposed for up to one hour without experiencing or developing life-threatening health effects.

' Guidelines are based on total arsenic content.

? Guidelines are based on total beryllium content and were developed by PNL.

* Guidelines are based on total cadmium content and were developed by HEHF.

4 ERPGs for cerium were developed by HEHF using data for cerium chloride.

5 Guidelines are based on total mercury content. ERPGs is the EPA Level of Concern (LOC). The ERPG-3 is the NIOSH
IDLH for mercury vapor.

¢ ERPGs were based on uranium normalized to the uranyl ion.

? ERPGs were based on vanadium pentoxide and were developed by HEHF.

8 ERPGs were based on toxicity of tributylphosphate.
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Table E.5.3.9 Comparison of Bounding Chemical Concentrations to Toxic Concentration Limits for
Off Gas Duct Rupture - DST Solids

TWRS EIS

Analyte Exposure ERPG-1 ERPG-2 | ERPG-3
(Threshold values are presented in mg/m’) (mg/m’) (mg/m’) (mg/m’) _(mg/m’)
Antimony ' Threshold Value 2.00E+00 [4.00E+01 |7.00E+01
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 2.72E-03 1.36E-03 6.80E-05 3.89E-05
MEI general public 1.08E-07 5.40E-08 2.70E-09 1.54E-09
Arsenic Threshold Value 1.00E-01 7.00E+00 |[1.00E+01
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 1.68E-02 1.68E-01 2.40E-03 1.68E-03
MEI general public 6.70E-07 6.70E-06 9.57E-08 6.70E-08
Beryllium ? Threshold Value 6.00E-03 2.50E-02 1.00E-01
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 7.09E-04 1.18E-01 2.84E-02 7.09E-03
MEI general public 2.82E-08 4.70E-06 1.13E-06 2.82E-07
Cadmium * Threshold Value 2.00E-01 1.00E+00 |1.00E+01
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 7.68E-02 3.84E-01 7.68E-02 7.68E-03 -
MEI general public 3.06E-06 1.53E-05 3.06E-06 3.06E-07
Cerium °* Threshold Value 7.00E+01 5.00E+02 |7.00E+02
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 7.68E-03 1.10E-04 1.54E-05 1.10E-05
MEI general public 3.06E-07 4.37E-09 6.12E-10 4.37E-10
Cobalt ¢ Threshold Value 5.00E-02 2.00E-01  {8.00E+00
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 1.30E-02 2.60E-01 6.50E-02 1.63E-03
MEI general public 5.17E-07 . 1.03E-05 2.59E-06 6.46E-08
Cyanide ’ Threshold Value 5.00E+00 |4.10E+01 |2.00E+02
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 1.39E-03 2.78E-04 3.39E-05 6.95E-06
MEI general public 5.53E-08 1.11E-08 1.35E-09 2.77E-10
Mercury Threshold Value 7.50E-02 1.00E-01 1.40E+01
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 3.55E-04 4.73E-03 3.55E-03 2.54E-05
MEI general public 1.41E-08 1.88E-07 1.41E-07 1.01E-09
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Table E.5.3.9 Comparison of Bounding Chemical Concentrations to Toxic Concentration Limits for
Off Gas Duct Rupture - DST Solids (cont'd)

Analyte Exposure ERPG-1 ERPG-2 ERPG-3
(Thresheld values are presented in mg/m"*) _(mg/m’) (ng/m*) (mg/m?) | (mg/m®)
Neodymium * Threshold Value 7.20E+01 5.04E+02 |7.20E+02
. Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 2.07E-02 2.88E-04 4.11E-05 2.88E-05
MEI general public 8.23E-07 1.14E-08 1.63E-09 1.14E-Q09
Oxalate ' Threshold Value 4.00E4+00 |2.00E+01 |4.00E+01
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 8.27E-01 2.07E-01 4.14E-02 2.07E-02
MEI general public 3.29E-05 8.23E-06 1.65E-06 8.23E-07
Selenium ! Threshold Value 2.00E-01 4.00E-01  |2.00E+00
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 5.61E-03 2.81E-02 1.40E-02 2.81E-03
MEI general public 2.23E-07 1.12E-06 5.58E-07 1.12E-07
Tellurium * Threshold Value 1.30E-01 3.00E-01 1.40E+00
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 2.75E-03 2.12E-02 9.17E-03 1.96E-03
MEI general public 1.09E-07 8.38E-07 3.63E-07 7.79E-08
Thallium * Threshold Value 3.00E-01 2.00E4+00 {2.00E+01
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 4.43E-02 1.48E-01 2.22E-02 2.22E-03
MEI general public 1.76E-06 5.87E-06 8.80E-07 8.80E-08
Uranium * Threshold Value 1.00E+00 1.00E4+01 |2.00E+01
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 1.30E-01 1.30E-01 1.30E-02 6.50E-03
MEI general public 5.17E-06 5.17E-06 5.17E-07 2.59E-07
Vanadium " Threshold Value 1.20E+00 |1.10E+01 |4.00E+0!
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 3.55E-04 2.96E-04 3.23E-05 8.88E-06
MEI general public 1.41E-08 1.18E-08 1.28E-09 3.53E-10
Total Organic Carbon Threshold Value 3.00E+00 1.50E+01 [5.00E+01
(as tributy! phosphate)*¢ Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 2.22E-01 7.40E-02 1.48E-02 4.44E-03
MEI general public 8.82E-06 2.94E-06 5.88E-07 1.76E-07
Total MEI worker ratios N/A N/A N/A |
Total MEI noninvolved worker ratios 1.54E+00 2.91E-01 5.68E-02
Total MEI general public ratios 6.15E-05 1.16E-05 2.26E-06
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Table E.5.3.9 Comparison of Bounding Chemical Concentrations to Toxic Concentration Limits for
Off Gas Duct Rupture - DST Solids (cont'd)

Notes:
ERPG = Emergency response planning guideline values.
ERPG-1 = These are maximum airborne concentrations below which it is believed that nearly all individuals could be

exposed for up to one hour without experiencing other than mild transient adverse effects or perceiving a clearly
defined objectionable odor.

ERPG-2 = These are the maximum airborne concentrations below which it is believed that nearly all individuals
could be exposed for up to one hour without experiencing or developing irreversible or other serious health effects or
symptoms that could impair their abilities to take protective action.

ERPG-3 = These are the maximum airborne concentrations below which it is believed that nearly all individuals
could be exposed for up to one hour without experiencing or developing life-threatening health effects.

! Guidelines are based on total antimony content.

Guidelines are based on total arsenic content.

Guidelines are based on total beryllium content and were developed by PNL.

Guidelines are based on total cadmium content and were developed by HEHF.

ERPGs for cerium were developed by HEHF using data forcerium chloride.

Guidelines are based on total cobalt content and were developed by HEHF.

Guidelines are based on total cyanide content and were developed by HEHF.

Guidelines are based on total mercury content. ERPG-2 is the EPA Level of Concern (LOC). The ERPG-3 is the
NIOSH IDLH for mercury vapor.

® Guidelines are based on total neodymium content and were based on neodymium chloride.

® Guidelines are based on oxalic acid and adjusted by ERPG(oxalic acid) x mwcompound/mw oxalic acid.
Guidelines are based on the toxicity of sodium selenate.

Guidelines are based on sodium selenate and were developed by HEHF.

3 ERPGs were developed by HEHF.

ERPGs were based on soluble uranium compounds.

ERPGs were based on vanadium pentoxide and were developed by HEHF

ERPGs were based on the toxicity of tributylphosphate.

L I N S N R S
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Table E.5.3.10 Comparison of Nominal Chemical Concentrations to
Corrosive/Irritant Concentration Limits for Off Gas Duct Rupture - DST Solids

Analyte 'Exposure ERPG-1 ERPG-2 ERPG-3
(Threshold values are presented in mg/m") (mg/m’) (mg/m’) (mg/m’) _(mg/m®)
Barium ' Threshold Value 6.80E+00 1.38E+02 3.44E+02
Ratio of Exposure to ERPG
MEI worker 6.74E-03 9.91E-04 4.88E-05 1.96E-05
MEI noninvolved worker 1.55E-04 2.28E-05 1.12E-06 4.51E-07
MEI general public 6.15E-09 9.04E-10 4.46E-11 1.79E-11
Calcium * Threshold Value 1.00E+00 |2.20E+01 5.40E+01
Ratio of Exposure to ERPG
MEI worker 3.79E-02 3.79E-02 1.72E-03 7.02E-04
MEI noninvolved worker 8.69E-04 8.69E-04 3.95E-05 1.61E-05
MEI general public 3.46E-08 3.46E-08 1.57E-09 6.41E-10
Chromium * Threshold Value 2.60E+00 |5.15E+01 1.29E+02
Ratio of Exposure to ERPG
MEI worker 5.92E-02 2.28E-02 1.15E-03 4.59E-04
MEI noninvolved worker 1.36E-03 5.23E-04 2.64E-05 1.05E-05
MEI general public 5.41E-08 2.08E-08 1.05E-09 4.19E-10
Lanthanum * Threshold Value 6.90E+00 1.37E+02 3.43E+02
Ratio of Exposure to ERPG
MEI worker 3.68E-02 5.33E-03 2.69E-04 1.07E-04
MEI noninvolved worker 8.45E-04 1.22E-04 6.17E-06 2.46E-06
MEI general public 3.36E-08 4.87E-09 2.45E-10 9.80E-11
Sodium * Threshold Value 1.20E+00 [2.30E+01 5.80E+01
Ratio of Exposure to ERPG
MEI worker 2.49E+01 |2.08E+01 1.08E+00 4.29E-01
MEI noninvolved worker 5.70E-01 4.75E-01 2.48E-02 9.83E-03
MEI general public 2.27E-05 1.89E-05 9.87E-07 3.91E-07
Total MEI worker ratios 2.08E+01 1.09E+00 4.31E-01
Total MEI noninvolved worker ratios 4.77E-01 2.49E-02 9.86E-03
Total MEI general public ratios 1.90E-05 9.90E-07 3.93E-07

Notes:

ERPG = Emergency response planning guideline values.

ERPG-1 = These are maximum airborne concentrations below which it is believed that nearly all individuals could be
exposed for up to one hour without experiencing other than mild transient adverse effects or perceiving a clearly defined
objectionable odor.

ERPG-2 = These are the maximum airborne concentrations below which it is believed that nearly all individuals could be
exposed for up to one hour without experiencing or developing irreversible or other serious health effects or symptoms that
could impair their abilities to take protective action.

ERPG-3 = These are the maximum airborne concentrations below which it is believed that nearly all individuals could be
exposed for up to one hour without experiencing or developing life-threatening health effects.

! ERPGs were normalized to sodium hydroxide.

ERPGs were normalized to sodium hydroxide.

Guidelines were based on chromium hydroxide normalized to sodium hydroxide.

Guidelines were based on lanthanum fluoride normalized to sodium hydroxide.

ERPGs were based on sodium hydroxide normalized to sodium.

[ R I

TWRS EIS E-143 Volume Four




Appendix E Risk from Accidents
Table E.5.3.11 Comparison of Bounding Chemical Concentrations to I
Corrosive/Irritant. Concentration Limits for Off Gas Duct Rupture - DST Solids
Analyte Exposure ERPG-1 ERPG-2 ERPG-3
(Threshold values are presented in mg/m°) (mg/m®) (mg/m’)_ (mg/m*) (mg/m’)
Ammonia ' Threshold Value 4.60E-01 9.20E+00 [2.30E+01
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 1.95E-02 4.24E-02 2.12E-03 8.48E-04
MEI general public 7.76E-07 1.69E-06 8.43E-08 3.37E-08
Barium ? Threshold Value 6.80E+00 1.38E+02 |3.44E+02
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 1.74E-02 2.56E-03 1.26E-04 5.06E-05
MEI general public 6.94E-07 1.02E-07 5.03E-09 2.02E-09
Calcium * Threshold Value 1.00E+00 2.20E4+01 [5.40E+01
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 7.68E-02 7.68E-02 3.49E-03 1.42E-03
MEI general public 3.06E-06 3.06E-06 1.39E-07 5.67E-08
Chromium * Threshold Value 2.60E+00 5.15E+01 1.29E+02
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
METI noninvolved worker 4.43E-01 1.70E-01 8.60E-03 3.43E-03
MEI general public 1.76E-05 6.77E-06 3.42E-07 1.36E-07
Lanthanum * Threshold Value ) 6.90E+00 1.37E4+02 |3.43E+02
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 8.87E-02 1.29E-02 6.47E-04 2.59E-04
MEI general public 3.53E-06 5.12E07 2.58E-08 1.03E-08
Sodium ° Threshold Value 1.20E+00 2.30E+01 |5.80E+01
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MET! noninvolved worker 1.03E+00 8.58E-01 4.48E-02 1.78E-02
MEI general public 4.12E-05 3.43E-05 1.79E-06 7.10E-07
Total MEI worker ratios N/A . N/A N/A
Total MEI noninvolved worker ratios 1.16E+00 5.98E-02 2.38E-02
Total MEI general public ratios 4.65E-05 2.39E-06 9.49E-07

Notes:

' Guidelines were based on ammonium hydroxide normalized to sodium hydroxide.
2 Guidelines were based on barium hydroxide normalized to sodium hydroxide.

3 ERPGs were normalized to sodium hydroxide.
* Guidelines were based on chromium hydroxide normalized to sodium hydroxide.
% Guidelines were based on lanthanum fluoride normalized to sodium hydroxide.

¢ Guidelines were based on sodium hydroxide normalized to sodium.

TWRS EIS

E-144

Volume Four




Appendix E Risk from Accidents

Corrosive/Irritant Impact from Chemical Exposure

Under nominal conditions (Table E.5.3.10), the cumulative acute hazard ratio for the MEI worker
was 1.09 for ERPG-2, indicating that reversible acute irritant effects would be expected. This acute
hazard ratio was almost entirely attributable to sodium assumed to be equivalent to sodium hydroxide
in corrosive/irritant effects. For the MEI noninvolved worker and general public, the cumulative
acute hazard ratios were less than 1.0 for all ERPGs, indicating that no acute health effects would be
expected for these populations

Under bounding conditions (Table E.5.3.11), the cumulative acute hazard ratio for the MEI
noninvolved worker was 1.16 for ERPG-1, indicating that only mild transient irritant effects would
be expected. No acute health impacts were predicted for the MEI general public under bounding
conditions. '

Under both nominal and bounding conditions, the probability of an offgas duct rupture is 1.60E-02.

E.5.3.4 Beyond Design Basis Accidents

The beyond design basis accident is a seismic event resulting in the collapse of a SST. In the event
of a 0.43 g earthquake, a SST could potentially collapse (LANL 1995). This event is not dependent
on the remediation alternative but has the same annual frequency regardless of the alternative that is
chosen. The length of time unremediated waste would remain in tanks that have not been backfilled
would vary depending on the alternative and would affect the probability of the event. The
probability of the event is the product of the annual frequency of the earthquake and the number of
years the waste remains untreated in the unstabilized tanks.

At smaller annual frequencies, larger earthquakes could occur resulting in greater destruction and
larger numbers of LCF to the onsite and offsite populations. In addition to population exposures
from the collapsed SSTs, the impact to other Hanford Site facilities and operations would potentially
add to the chemical and radiological risk. This would be a severe earthquake that would cause
catastrophic structural damage in the Tri-Cities and the Hanford Site with expected extensive loss of
life. There would be injuries and fatalities resulting from collapsed buildings and homes, fires, and
traffic accidents. However, this section evaluates the radiological and chemical impacts resulting
from the collapse of one SST.

E.5.3.4.1 Source-Term Development
It was conservatively assumed that the radiological and chemical contaminants in the headspace are
available for release. The collapse of a portion of the dome and overburden compresses the vapor in
the headspace as it descends, enhancing the vapor release rate by sudden a pressure difference.
Assuming for each tank a respirable concentration of contaminants in the headspace of 100 mg/m’, a
liquid SpG of 1.5, and a headspace volume of 1,000 m?® (Shire et al. 1995 and Jacobs 1996), the
potential source-term contribution from the headspace release was calculated as follows:

(100 mg/m®) - (1 /1,000 mg) - (1 L/1,000 g) - (1,000 m’) - (1/1.5) = 6.67E-02 L (1.8E-02 gal).
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It was conservatively assumed that the liquids had been pumped from the tanks so that the tanks
contained only solids and the MAR was 2,500 L (660 gal) for each tank. It was postulated that the
fall of the dome and overburden generated an air movement sufficient to suspend a fraction of the
MAR. Assuming the respirable release fraction to be 2.0E-03 (Shire et al. 1995 and Jacobs 1996),
the potential source-term contribution was calculated as follows:

(2,500 L [660 gal]) - (2.0E-03) = 5.0 L (1.3 gal).

It was postulated that prevailing winds resuspend a respirable fraction of the MAR (2,500 L
[660 gal]). A respirable release fraction of 4.0E-05/hr for 24 hours was assumed. The potential
source-term contribution from resuspension was calculated as follows:

(2,500 L [660 gal]) - (4.0E-05/hr) - (24 hr) = 2.4 L (0.6 gal).

(6.67E-02 L) + (5.00E+00L) + (24 L) = 7.4 L (2.0 gal).

abili a Beyond Desi asis )
This earthquake has a calculated annual exceedance frequency of approximately 1.40E-04 (WHC
1996b). The probability for this scenario based on 16 years of operation was therefore estimated to
be 2.2E-03.

E.5.3.4.3 Radiological Consequences from a Bevond Design Basis Earthquake

|

|

|

|

|

|

|

|

I

|

I

I

The combined source-term for the acute release is calculated as follows: |
|

I

!

I

l

|

I

l

The radiological dose to the receptors from the previous source-term was calculated by the GENII |
computer code (Napier et al. 1988) using the methodology previously discussed in Section E.1.1.6. |
The results are presented in Table E.5.3.12. |
|

Table E.5.3.12 Dose Consequence from Seismic Event

Notes:

' Number of people in exposed population
CEDE = Committed effective dose equivalent
MEI = Maximally-exposed individual

l

Receptor Dose CEDE (person-rem) |

Nominal Scenario Bounding Scenario |

MEI worker 1.21E+02 8.04E+03 |
Workers (10)" 1.21E+03 8.04E+04 |
MEI noninvolved worker 2.90E+01 1.93E+03 |
Noninvolved worker (1,835)" 4.07E+02 2.71E+04 |
MEI general public 7.03E-02 4.68E+00 |
General public (114,734)" 6.14E+01 4.09E+03 |
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Table E.5.3.13 Latent Cancer Fatality Risk from Seismic Event
Receptor Dose LCF/rem LCF' Probability LCF Risk point-
person-rem estimate
Nominal Scenario
MEI worker 1.21E+02 8.00E-04 9.68E-02 2.24E-03 2.17E-04
Workers (10) ? 1.21E+03 8.00E-04 9.68E-01 2.24E-03 2.17E-03
MEI noninvolved worker 2.90E+01 8.00E-04 2.32E-02 2.24E-03 5.20E-05
Noninvolved workers (1,835) 4.07E+02 4.00E-04 1.63E-01 2.24E-03 3.65E-04
MEI general public 7.03E-02 5.00E-04 3.52E-05 2.24E-03 7.87E-08
General public (114,734) 7 6.14E+01 5.00E-04 3.07E-02 2.24E-03 6.88E-05
Bounding Scenario
MEI worker 8.04E+03 lethal 1.00E+00 2.24E-03 2.24E-03
Workers (10) 2 8.04E+04 lethal 1.00E+01 2.24E-03 2.24E-02
MEI noninvolved worker 1.93E+03 lethal 1.00E+00 2.24E-03 2.24E-03
Noninvolved workers (1,835)? 2.71E+04 4.00E-04 1.08E+01 2.24E-03 2.43E-02
MEI general public 4.68E+00 5.00E-04 2.34E-03 2.24E-03 5.24E-06
General public (114,734) 2 4.09E+03 5.00E-04 2.05SE+00 2.24E-03 4.58E-03
Notes:
! Total number of fatal cancers if the accident occurs.
? Number of people in exposed population
CEDE = Committed effective dose equivalent
LCF = Latent cancer fatality
MEI = Maximally-exposed individual
E.5.3.4.4 Radiological Cancer Risk from a Beyond Design Basis Earthquake

The LCFs and LCF point estimate risk are presented in Table E.5.3.13.

In the bounding scenario, all 10 workers would potentially receive a fatal dose and assumably die
directly after the exposure. There would also be 10 LCFs attributed to the exposure to the
noninvolved workers and two LCFs to the general public if the accident occurred. The nominal
scenario calculations show there would be no LCFs.

E5.345 ical Consequ ign Basis Earthquake

Potential acute hazards associated with a beyond design basis earthquake are identical to those
summarized in Tables E.2.2.16 (toxic chemicals, nominal conditions), E.2.2.17 (toxic chemicals,
bounding conditions), E.2.2.18 (corrosive/irritant chemicals, nominal conditions) and E.2.2.19
(corrosive/irritant chemicals, bounding conditions) for the No Action alternative.

Under bounding conditions, chemical impacts were not evaluated for the MEI worker because all

workers would receive a lethal radiation dose, as described previously.
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Toxic Impact from Chemical Exposure

Under nominal conditions (Table E.2.2.16), the cumulative acute hazard ratio for the MEI worker
was 2.64E+00 for ERPG-1, indicating that only mild transient effects would be expected. For the
MEI noninvolved worker, the cumulative acute health hazard was 2.59E+00 for ERPG-3, indicating
the potential for irreversible health effects that could be life threatening. This acute hazard ratio was
primarily attributable to TOC (approximately 84 percent of the total hazard ratio). The TOC is
assumed to be equivalent in toxicity to tributylphosphate, which is the most acutely toxic constituent
of the organic analytes identified. Tributylphosphate was used as a surrogate because an inventory of
the various chemicals that make up the TOC class is not available. The cumulative acute hazard ratio
for the nearest noninvolved worker population consisting of 335 workers located 290 m (950 ft) away
was less than 1.0 for all ERPGs, suggesting that no acute health effects would be expected.

Under bounding conditions (Table E.2.2.17), the cumulative hazard ratios for the MEI and nearest
noninvolved worker (335 workers located 290 m (950 ft) away) were 2.15E+03 and 7.80E+00 for
ERPG-3, respectively. These ratios were primarily attributable to:

. Uranium (approximately 47 percent of the total hazard ratio);
. Oxalate (approximately 24 percent of the total hazard ratio); and
. Mercury (approximately 13 percent of the total hazard ratio).

This exceedance of the ERPG-3 criterion for the nearest noninvolved worker population would not be
expected to result in irreversible health effects or place these workers in a life-threatening situation
for the following reasons.

. ERPG-3 is defined as a concentration in which a receptor can be exposed for 1 hour
without irreversible health effects. Because the Hanford Site has an in-place
emergency response plan designed to evacuate workers within 1 hour of an accident,
workers would be expected to evacuate their location and move to an area where
potential exposures would be well below ERPG-3. Therefore, this worker population
would not be exposed to airborne concentrations that would be either life threatening
or result in irreversible health effects.

. The estimated air concentrations of chemicals as a result of this accident were based
on very conservative meteorology, which results in movement of a plume directly
toward the worker population at a relatively slow rate with minimal wind dispersion.
If less conservative metéorological parameters were used, wind dispersion would
cause the estimated air concentrations of chemicals to be substantially less, and the
ERPG-3 criterion would not be exceeded.

. Only the bounding toxic chemical evaluation exceeded ERPG-3, while the nominal
evaluation was well below 1.00E+00 for ERPG-3, suggesting that the noninvolved
worker population would not receive an exposure that would result in any permanent
health effects.

The cumulative acute hazard ratio for the next nearest noninvolved worker population, composed of
1,500 people and located 1,780 m (5,840 ft) away, was 2.15E+00 for ERPG-2, indicating that
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reversible acute health effects would be expected. The cumulative acute hazard ratio for the MEI
general public was 1.76E+00 for ERPG-2, indicating that reversible acute health effects would be
expected.

Corrosive/Irritant Impact from Chemical Exposure

Under nominal conditions (Table E.2.2.18), the cumulative acute hazard ratios for the MEI worker,
MEI noninvolved worker and nearest noninvolved worker (335 workers at 290 m [950 ft]) were
2.47E+01, 5.10E+02 and 1.85E+00, respectively, for ERPG-3, indicating the potential for
irreversible health effects that could be life threatening. These ratios were almost entirely
attributable to sodium, which was assumed to be equivalent to sodium hydroxide in corrosive/irritant
effects. As discussed previously, this exceedance of the ERPG-3 criterion would not be expected to
result in irreversible or life threatening health effects. For the next nearest noninvolved worker
population, (1,500 workers at 1,780 m [5,840 ft]), the cumulative acute hazard ratio was 1.20E+00
for ERPG-1, indicating that only mild irreversible irritant effects would be anticipated. For the MEI
general public, the cumulative acute hazard ratio was less than 1.0 for all ERPGs, and no acute
health effects would be expected.

Under bounding conditions (Table E.2.2.19), the cumulative acute hazard ratios for the MEI
noninvolved worker and nearest noninvolved worker (335 workers at 290 m [950 ft]) were
7.31E+02 and 2.65E+00, respectively for ERPG-3, indicating the potential for irreversible health
effects that could be life threatening. These acute hazard ratios were primarily attributable to:

. Sodium (approximately 83 percent of the total hazard ratio); and

. Calcium (approximately 10 percent of the total hazard ratio).

As discussed previously, this exceedance of the ERPG-3 criterion would not be expected to result in
irreversible or life threatening health effects.

For the next nearest noninvolved worker, and MEI general public, the cumulative acute hazard ratios
were 1.74E+00 and 1.42E+00, respectively, for ERPG-1, indicating that only mild, transient
irritant effects would be expected.

Under both nominal and bounding conditions, the probability of a seismic event is 2.25E-03.

E.5.3.5 Occupational Injuries and Fatalities from Operations

The number of operation personnel was estimated at approximately 2.64E+04 person-years
(Jacobs 1996). The total recordable injuries and illnesses, lost workday cases, and fatalities were
calculated as follows:

Total Recordable Cases = (2.64E+04 person-years) * (2.2E+00 incidences/100 person-years) =
5.80E+02

Lost Workday Cases = (2.64E+04 person-years) - (1.1E+00 incidences/100 person-years) =
2.90E+02

Fatalities = (2.64E+04 person-years) - (3.2E-03 fatalities/100 person-years) =8.43E-01
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E.5.4 POST-REMEDIATION ACCIDENT

E.5.4.1 Deflagration in Storage Tank

After the tank waste was vitrified in-place and the organics destroyed in the process, the probability
of a tank generating enough hydrogen to exceed the LFL is considered to be incredible.

E.5.4.2 Seismic Induced Rupture of Stabilized Tanks

As discussed in Section E.4.4.2, displacement on a fault resulting in an airborne release of the waste
after remediation is considered incredible. The tanks would most likely crack, allowing increased
infiltration to the groundwater.

E.5.5 SUMMARY OF ACCIDENTS

The potential consequences from nonradiological and nonchemical accidents that include occupational
and transportation impacts are summarized in Table E.5.5.1. The LCFs associated with
representative accidents for each component of the alternative are summarized in Table E.5.5.2 along
with the probability of the accident. The chemical hazards associated with representative accidents
for each component of the alternative are summarized in Table E.5.5.3. The chemical hazard is
expressed as an exceedance of the ERPG threshold values.

Table E.5.5.1 Summary of Potential Nonradiological/Nonchemical Accident Consequences

Total Recordable Cases Lost Workday Fatalities
Cases
Occupational Transportation Occupational Occupational Transportation
Constr- Opera- Truck/ Commu- Constr- Opera- Construc- Opera- Truck/ Comm-
uction tion Rail ter uction tion tion tion Rail uter
2.2E+03 5.8E+02 3.5E+00 9.4E+02 5.5E+02 |2.9E+02 |7.2E-01 iSAE-Ol 1.9E-01 1.2E+01

E.6.0 EX SITU INTERMEDIATE SEPARATIONS ALTERNATIVE

The Ex Situ Intermediate Separations alternative for tank waste would involve constructing and
operating vitrification and support facilities, low-level vitrified waste burial vaults, and transfer lines
from the tank farms and T Plant to the vitrified facilities. This alternative would also involve
transporting retrieved tank waste to a vitrification facility and vehicle traffic of the personnel required
to support the alternative. This section analyzes the construction, operation, and transportation risks
associated with this alternative.

E.6.1 CONSTRUCTION ACCIDENTS

The potential exists for accidents resulting from construction activities. The construction activities
are outlined in Appendix B of the EIS. It should be noted there are no radiological or chemical
consequences associated with construction accidents. Occupational injuries, illnesses, and fatalities
resulting from potential construction accidents are calculated as follows.

TWRS EIS E-150 Volume Four




Appendix E

Risk from Accidents

Table E.5.5.2 Summary of Potential Radiological Accident Consequences

Component Hazard Proba- Latent Cancer Fatalities
bility Worker Noninvolved Worker General Public
MEI Population MEI Population MEI Population
nominal nominal nominal nominal nominal nominal
bounding bounding bounding | bounding | bounding bounding
Continued spray leak |1.8E-01 {4.7E-02 4.7E-01 7.7E-03 2.9E-01 4.2E-05 8.9E-02
Operation ! 1.0E+00  |1.0E+01 1.0E+00 [6.6E+00  [9.6E-04  [2.0E+00
Continued tank 1.2E-01 (3.1E-02 3.1E-01 3.8E-03 5.3E-02 1.1E-05 1.0E-02
Operation *  |deflagration 10E+00 |IL.OE+01  |L.OE+00 |9.9E+00 [2.1E-03  |1.9E+00
Treatment off-gas duct |1.6E-02 {7.9E-03 7.9E-02 2.6E-03 9.7E-02 1.4E-05 3.0E-02
[rupture 1.0E+00 [I.OE+01  [L.OE+00 [3.6E+01  [2.6E03  [5.5E+00
BDBA Earthquake [2.2E-03 |9.7E-02 9.7E-01 2.3E-02 1.6E-01 3.5E-05 3.1E-02
' 1.0E+00 |1.0E+01 1.OE+00 [1.1E+01 2.4E-03 2.1E+00
Notes:

! Number of people in exposed population
? Unstabilized tank waste storage
BDBA = Beyond design basis accident
N/A = Not applicable

Table E.5.5.3 Chemical Exposures Resulting from Potential Operations and Transportation Accidents

Component Hazard Receptor Chemical Exposure
Acute Hazard Acute Hazard Acute Hazard
(ERPG-1) (ERPG-2) (ERPG-3)
nominal nominal nominal
bounding bounding bounding
Continued Mispositioned Worker population 1.3E+02,, 6.8E+00, 2.7E+00¢,
Operations - jumper resulting in LD LD LD
waste transfer spray release.
Probability of MEI noninvolved worker {3.0E+00., <1.0 <1.0
accident is 1.0E+0l,,, 5.4E+00,,, <1.0
1.8E-01 4.4E+00cn
MEI general public <1.0 <1.0 <1.0
<1.0 <1.0 <1.0
Continued Hydrogen Worker population 8.2E+00y, 1.6E+00y,, 3.8E+00,
Operations - deflagration in 1.9E+02., 9.6E+00,
waste tank storage storage‘ t.ank. LD LD LD
Probability of
accident is 1.2E-01 | MEI noninvolved worker |1.7E+02.,, 3.2E+01;, 9.4E+00;,,
3.8E+03, 2.0E+02, 7.9E+01,
1.2E+04,, 2.3E+03;,, 4.5E+02,,,
9.3E+03, 4 8E+02, 1.9E+02,
Noninvolved worker 1.4E+01, <1.0 <1.0
population at 290 m (950
fr) 4.5E+01;, 8.4E+00;,, 1.7E+0q,,
3.4E+01, 1.7E+00¢,
Noninvolved worker <1.0 <1.0 <1.0
population at 1,780
(5,840 ft) <1.0 <1.0 <1.0
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Table E.5.5.3 Chemical Exposures Resulting from Potential Operations and Transportation Accidents (cont'd)

Component Hazard Receptor Chemical Exposure
Acute Hazard Acute Hazard Acute Hazard
(ERPG-1) (ERPG-2) (ERPG-3)
nominal nominal nominal
bounding bounding bounding
MEI general public <1.0 <1.0 <1.0
<1.0 <1.0 <1.0
Treatment - In situ {Off gas duct Worker population 2.1E+01¢, 1.1E+00,, <1.0
vitrification rupture.
LD LD LD
Probability of
accident is MEI noninvolved worker | <1.0 <1.0 <1.0
1.6E-02 1.5E+00;,, - <1.0 <1.0
1.2E+00.,
MEI general public <1.0 <1.0 <1.0
<1.0 <1.0 <1.0
Beyond Design Seismic event Worker population 2.6E+00;,, 6.2E+01., 2.5E+01.,
Basis Accident resulting in dome 1.2E+03.,
collapse of a LD LD LD
storage tank.
Probability of MEI noninvolved worker {5.5E+01, 1.4E+014,, 2.6E+00;,,
accident is 2.5E+04., 1.3E+03,, 5.1E+02,
2.2E-03 8.5E+04,,, 4.4E+04,,, 2.2E+03;,,
3.6E+04., 1.8E+03,, 7.3E+02.,
Noninvolved worker 9.0E+01, 4.7E+00, 1.9E+00,,
population at 290 m (950
fr) 3.1E+02,,, 1.6E+02,,, 7.8E+00q,,
1.3E+02, 6.7E+00, 2.7E+00¢,
Noninvolved worker 1.2E+00, <1.0 <1.0
population at 1,780 (5,840
o) 4 1E+00,,, 2.2E+00;,, <1.0
1.7E+00,
MEI general public <1.0 <1.0 <1.0
3.4E+00;,, 1.8E+00,, <1.0
1.4E+00.,

Notes:

C/1 = Corrosive/irritant effects

Tox = Toxic effects

LD = Lethal dose of radiation

The number of construction personnel was estimated at an average 3.11E+04 person-years
(Jacobs 1996). The number of total recordable injuries and illnesses, lost workday cases, and fatalities

were calculated using the incidence rates from Table E.1.2.1 as follows:

Total Recordable Cases = (3.11E+04 person-years) - (9.75E+00 incidences/100 person-years) =

3.03E+03

Lost Workday Cases = (3.11E+04 person-years) - (2.45E+00 incidences/100 person-years) =

7.61E+02

Fatalities = (3.11E+04 person-years) - (3.2E-03 fatalities/100 person-years) = 9.94E-01
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E.6.2 TRANSPORTATION ACCIDENTS

Under the Ex Situ Intermediate Separations alternative, Hanford Site tank waste would be stabilized by
vitrification. The vitrified HLW would be shipped to onsite storage and the LAW would be buried in
vaults on the Hanford Site. These waste streams would be transported by pipeline, truck, and rail. In
addition to transporting the waste, construction materials and process chemicals would be transported to
the Hanford Site by truck and rail. This alternative would also be supported by a work force of
employees that would commute to work each day.

E.6.2.1 Radiological Cancer Risk
Radiological exposures resulting from accidents were analyzed using RADTRAN 4 (Neuhauser-Kanipe
1992). Exposures resulting from accidents from the following transportation activities were included in
the analysis.

. Transporting residual waste from the SSTs to the processing facility by truck; and

. Transporting waste from MUSTSs to the processing facility by truck.

The analysis addressed radiological accident impacts as an integrated population risk (i.e., accident
frequencies times consequences integrated over the entire shipping campaign) using RADTRAN 4 and
a maximum credible accident using GENII computer codes (Napier et al. 1988).

The population doses were dependent on the accident probability, release quantities, atmospheric
dispersion parameters, population distribution parameters, human uptake, and dosimetry models.

Radiological exposure to the MEI was calculated for a bounding scenario accident by GENII computer
code (Green 1995). The public and worker dose calculated by GENII were dependent on the release
quantities of radioactive material, release duration, receptor location, and meteorology.

E.6.2.1.1 Truck Transport of Retrieved Tank Waste
The receptor dose and LCF risk resulting from the accident analysis for retrieval of MUST waste and
SST residuals is presented in Table E.6.2.1 for the integrated population and Table E.6.2.2 for the MEI

worker and MEI general public.

There would be no LCFs resulting from an accident while transporting retrieved waste on site.

Table E.6.2.1 Integrated Radiological Impact from Retrieval Transport Accidents

Transport Activity Population Dose (person-rem) LCF/rem LCF Risk
MUSTs 3.43E-03 4.0E-04 1.37E-06
SSTs 1.58E-02 4.0E-04 6.32E-06
Notes:

LCF = Latent cancer fatalities
MUST = Miscellaneous underground storage tank
SST = Single-shell tank
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Table E.6.2.2 MEI Radiological Impact from Retrieval Transport Accidents

Receptor L Dose (rem) LCF/rem l LCF Risk
MUSTs
Worker MEI 3.5E-01 4.0E-04 1.4E-04
General public MEI 1.5E-03 5.0E-04 7.5E-07
SSTs
Worker MEI 1.8E+00 4.0E-04 7.2E-04
General public MEI 7.6E-03 5.0E-04 3.8E-06

Notes:

LCF = Latent cancer fatalities

MEI = Maximally-exposed individual

MUST = Miscellaneous underground storage tank:
SST = Single-shell tank

E.6.2.2 Chemical Exposure

Chemicals transported to the Hanford Site to support the pretreatment and vitrification processes would
have the greatest chemical impact. An analysis was performed to 1) identify the hazardous chemicals
that could result in the largest toxicological impacts; and 2) evaluate the toxicological impacts of the
maximum credible accidents involving the highest hazard chemicals (Green 1995). A preliminary
screening analysis was performed to identify the chemicals representing the highest potential
toxicological hazard. The highest hazard chemicals in terms of toxicity were determined to be nitric
acid, sodium hydroxide, anhydrous ammonia, and dicyclopentadiene. The chemical concentrations
resulting from the maximum credible accident at 100 m (330 ft) and the frequency of the accidents
(Green 1995) are summarized in Table E.6.2.3.

Table E.6.2.3 Chemical Releases from Postulated Accidents for the Ex Situ Intermediate Separations Alternative

Chemical Concentration ‘ Frequency
Nitric Acid 0.28 mg/m’ 5.0E-08/yr
Sodium Hydroxide 4.9 mg/m* 2.0E-07/yt
Anhydrous Ammonia 8,770 mg/m® 2.0E-07/yr
Dicyclopentadiene 1.02 mg/m’ 1.0E-8/yr

Table E.6.2.4 compares the respirable concentration of the postulated chemical releases to exposure
limits discussed in Section E.1.1.7.

Table E.6.2.4 shows the general public exposure to anhydrous ammonia would exceed the ratio of
exposure to ERPG-3 by 1.24E+01 and sodium hydroxide would exceed the ratio of exposure to
ERPG-1 by 2.45E+00 for corrosive/irritant chemicals. The magnitude of the anhydrous ammonia
exceedance indicates potential lethal effects for the MEI general public.
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Table E.6.2.4 Comparison of Chemical Concentrations to Corrosive/Irritant Concentration Limits for the
Ex Situ Intermediate Separations Alternative

Analyte Exposure ERPG-1 ERPG-2 ERPG-3
(Threshold values are presented in mg/m”®) (mg/m®) (mg/m®) (mg/m®) (mg/m°)
Anhydrous Ammonia ' Threshold Value 1.77E+01 1.42E+02 7.10E+02
Ratio of Exposure to ERPG
' MEI General Public 8.77E+03 4.95E+02 6.18E+01 1.24E+01
Dicyclopentadiene * Threshold Value 2.20E+01 1.10E+02 1.10E+04
Ratio of Exposure to ERPG
MEI General Public 1.02E+00 4.64E-02 9.27E-03 9.27E-05
Nitric Acid * Threshold Value 5.20E+00 6.55E+01 1.31E+02
Ratio of Exposure ERPG
MEI General Public 2.80E-01 5.38E-02 4.27E-03 2.14E-03
Sodium Hydroxide * Threshold Value 2.00E+00 4.00E+01 1.00E+02
Ratio of Exposure to ERPG
MEI General Public 4.90E+00 2.45E+00 1.23E-01 4.90E-02
Notes: )

! AIHA ERPGs were used for anhydrous ammonia.

? The OSHA permissible exposure limit-time weighted average (PEL-TWA) concentration for dicyclopentadiene (27 mg/m”)
was similar to the PEL-TWA for 1,3-butadiene (22 mg/m’). Therefore, the ERPGs for 1,3-butadiene were conservatively
used as surrogate values.

? ATHA ERPGs were used for nitric acid.

¢ AIHA ERPGs were used for sodium hydroxide.

ERPG = Emergency response planning guideline values.

ERPG-1 = These are maximum airborne concentrations below which it is believed that nearly all individuals could be
exposed for up to 1 hour without experiencing other than mild transient adverse effects or perceiving a clearly defined
objectionable odor.

ERPG-2 = These are the maximum airborne concentrations below which it is believed that nearly all individuals could be
exposed for up to 1 hour without experiencing or developing irreversible or other serious health effects or symptoms that
could impair their abilities to take protective action.

ERPG-3 = These are the maximum airborne concentrations below which it is believed that nearly all individuals could be
exposed for up to 1 hour without experiencing or developing life-threatening health effects.

MEI = Maximally-exposed individual

N/A = Chemical exposure exposed individual does not apply for a lethal radiological dose

E.6.2.3 Occupational Injuries and Fatalities

Truck and Rail Transportation

Injuries and fatalities resulting from direct impact of transportation accidents are analyzed in this
subsection. Rail and truck transportation activities to transport materials and supplies to the Site for
this alternative were estimated (WHC 1995j) and are summarized in Table E.6.2.5.

The number of injuries and fatalities were calculated by multiplying the total distance traveled in each
zone shown in Table E.6.2.6 by the appropriate unit risk factors shown in Table E.1.3.1. The distance
traveled in the population zones were calculated using the methodology previously discussed in

Section E.1.3. The expécted injuries and fatalities resulting from transportation accidents associated
with the Ex Situ Intermediate Separations alternative are summarized in Table E.6.2.7.
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Employee Traffic

In addition to transporting materials and supplies to and from the Hanford Site by truck and rail, Site
workers and other personnel required to perform the various activities would be driving to the site in
their vehicles. The total person-years to perform the activities was estimated at 8.58E+04.

Each person was assumed to work 260 days of the year. The round-trip distance traveled to work from
the Tri-Cities area was estimated at 140 km (87 mi) with an estimated 1.35 passengers per vehicle
(DOE 1994a). The total employee vehicle distance was therefore calculated as follows:

(8.58E+04 person-years) - (260 days/year) - (140 km/day) - (1/1.35) = 2.31E+09 km (1.44E +09 mi)

To calculate the expected number of injuries and fatalities resulting from vehicle accidents, the
injury/fatality rates discussed in Section E.1.3 were used. The expected number of injuries and
fatalities resulting from employee vehicle accidents were calculated as follows:

Injuries = (2.31E+09 km) - (7.14E-07 injuries/km) = 1.65E+03

Fatalities = (2.31E+409 km) - (8.98E-09 fatalities’km) = 2.08E+01

Cumulative Transportation Injuries and Fatalities

The cumulative nonradiological and nontoxicological injuries and fatalities incurred as a direct result of
traffic accident impacts are the sum of the truck and rail transport and employee vehicle accidents.

The results are summarized in Table E.6.2.8.

E.6.3 OPERATION ACCIDENTS
Operations are discussed in Appendix B. The operations are separated and analyzed according to the
following modes of operation:

. Continued operations - Previously discussed in the No Action alternative.

. Retrieval operations - DST waste would be extracted from tanks using slurry pumping.
Hydraulic sluicing would be used to remove SST waste. If hydraulic sluicing did not
meet waste retrieval goals, robotic arm-based retrieval methods would be used.
Pipelines would transfer waste from the tank farms to a pretreatment facility.

. Pretreatment - Pretreatment would consist of sludge washing and chemical processes to
separate the waste into HLW and LAW streams. The solids in the tank would be
washed to dissolve salts to the extent practical and those salts bearing liquid would be
added to the supernatant stream going to Cs removal. The sludge remaining in the
tanks would be washed to remove additional solids and to minimize the feed to the
HLW vitrification facility.

. Treatment - LAW would be pumped into a LAW vitrification facility where it would be
mixed with feed material and vitrified into glass. Vitrification is a high-temperature
process where waste is blended with additives and fused into a glass-like form suitable
for disposal. The HLW would be routed from a lag storage facility, where it would be
temporarily stored before treatment, to a HLW vitrification facility where it would be
mixed with feed material (such as glass formers) and then fused into glass.

TWRS EIS E-156 Volume Four




Appendix E

Risk from Accidents

Table E.6.2.5 Summary of Transportation Activities for the Ex Situ Intermediate Separations Alternative

Activity Cargo Trips Distance (km) Total distance (km)
(round trip) Onsite Offsite
Truck Rail Truck 1 Rail
Retrieval

Waste Transport { Tank waste 6.25E+02 2.00E+01 1.25E+04 N/A N/A N/A
Diesel 5.40E+01 1.40E+02 ' N/A N/A 7.56E+03 N/A

Construction Sand/gravel 3.25E+02 1.00E+01 2 3.25E+03 N/A N/A N/A

(W-314) Excavation 2.29E+03 | 4.00E+00 9.17E+03  |N/A |N/A N/A
Backfill 2.75E+03 4.00E+00 1.10E+04 N/A N/A N/A
Site preparation | 3.43E+02 1.60E+01 5.49E+03 N/A N/A N/A
Concrete 6.42E+02 6.00E+00 3.85E+03 N/A N/A N/A
Burial 1.30E+01 1.60E+01 2.08E+02 N/A N/A N/A
Consumables 3.00E+00 1.40E+02 ' N/A N/A 4.20E+02 N/A
Cement 1.10E+01 8.00E+02? N/A N/A N/A 8.80E+03
Steel 2.40E+01 8.00E+02? N/A N/A N/A 1.92E+04

Construction Sand/gravel 5.18E+ 03 1.00E+012 5.18E+ 04 N/A N/A N/A

(Annex) Concrete 9.66E+03 | 6.00E-+00 SS0E+04 [N/A |N/A N/A
Diesel 7.10E+01 1.40E+02 ' N/A N/A 9.94E+03 N/A
Consumables 2.40E+03 1.40E+02 N/A N/A 3.36E+05 N/A
Cement and steel |2.00E+01 8.00E+02 * N/A N/A N/A 1.60E +04

Remediation - Vitrification Plant

Construction Site preparation | S.50E+03 1.60E+01 8.80E+04 N/A N/A N/A
Excavation 2.78E+05 4.00E+00 1.11E+06 N/A N/A N/A
Backfill 1.97E+05 4.00E+00 7.86E+05 N/A N/A N/A
Sand/gravel 4.22E+04 1.00E+01 ? 4.22E+05 N/A N/A N/A
Concrete 7.89E+04 6.00E+00 4.74E+05 N/A N/A N/A
Burial 2.28E+04 1.60E+01 3.65E+05 N/A N/A N/A
Diesel 1.45E+03 1.40E+02 ' N/A N/A 2.03E+05 N/A
Consumables 9.00E+03 1.40E+02 ' N/A N/A 1.26E+06 N/A
Cement and steel | 1.64E+02 8.00E+02° N/A N/A N/A 1.31E+05
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Table E.6.2.5 Summary of Transportation Activities for the Ex Situ Intermediate
Separations Alternative (cont'd)
Activity Cargo Trips Distance (km) Total distance (km)
(round trip) Onsite Offsite
Truck Rail Truck Rail
Operation Excavation 4.00E+05 4.00E+00 1.60E+06 N/A N/A N/A
Backfill 1.95E+05 4.00E+00 7.79E+05 N/A N/A N/A
Burial 6.49E+03 1.60E+01 1.04E+05 N/A N/A N/A
Sand/gravel 4.16E+04 1.00E+01 2 4.16E+05 N/A N/A N/A
Concrete 7.79E+04 6.00E+00 4.67E+05 N/A N/A N/A
Diesel 3.80E+02 1.40E+02 ' N/A N/A 5.32E+04 N/A
Kerosene 3.78E+03 1.40E+02 ' N/A N/A 5.29E+05 N/A
Glass form 1.71E+04 1.40E+02 ' N/A N/A 2.40E+06 N/A
IX resins 3.00E+00 1.40E+02' N/A N/A 4.20E+02 N/A
NH, 4.38E+02 8.00E+02 ° N/A N/A 3.50E+05 N/A
HNO, 1.85E+02 8.00E+02* N/A N/A 1.48E+05 N/A
NaOH 1.14E+03 8.00E+02°? N/A N/A ~ |9.15E+05 N/A
Cement, steel and | 3.79E+02 8.00E+02* N/A N/A N/A 3.30E+05
chemicals
Closure
Grout tank Sand/gravel 1.66E+03 1.00E+01 2 1.66E+04 N/A N/A N/A
:l‘:;“:z'ci'l‘;‘:]rys“' Concrete 3.11E+03 | 6.00E+00 1.87E+04 |N/A |N/A N/A
equipment Diesel 3.84E+02 1.40E+02' N/A N/A 5.38E+04 N/A
Cement 3.00E+00 8.00E+02 * N/A N/A N/A 2.40E+03
Gravel fill tanks | Gravel 6.21E+04 1.00E+01 ? 6.21E+05 N/A N/A N/A
Barrier Silt 4.25E+04 3.00E+01 * 1.28E+06 N/A N/A N/A
Sand/gravel 4. 72E+04 1.00E+01? 4.72E+05 N/A N/A N/A
Basalt 7.19E+04 3.20E+01° 2.30E+06 N/A N/A N/A
Diesel 3.35E+03 1.40E+02' N/A N/A 4.69E+05 N/A
Asphalt 7.05E+03 1.40E+02' N/A N/A 9.87E+05 N/A
Fabric 2.00E+00 8.00E+02°* N/A N/A 1.60E+03 N/A
Total km 1.15E+07 N/A 7.72E+06 4.81E+05
Notes:

! Round-trip distance from Tri-Cities area,
? Round-trip distance from Pit 30 borrow site.
3 Round-trip distance from Portland/Seattle area.

“ Round-trip distance from McGee Ranch borrow site.

* Round-trip distance from Vernita Quarry borrow site.
N/A = Not applicable
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Table E.6.2.6 Distance Traveled in Population Zones for the Ex Situ Intermediate Separations Alternative

Mode Urban Suburban Rural
Truck 3.86E+05 1.19E+07 6.95SE+06
Rail 2.40E+04 2.40E+04 4.33E+05
Table E.6.2.7 Injuries and Fatalities Resulting from Truck and Rail Transportation Accidents for the
Ex Situ Intermediate Separations Alternative
Mode Impact Urban Suburban Rural Total Fatalities | Total Injuries
Truck Fatality 2.89E-03 1.54E-01 3.68E-01 5.25E-01 N/A
Injury 1.43E-01 4.51E+00 5.56E+00 N/A 1.02E+01
Rail Fatality 4.09E-04 4.09E-04 7.36E-03 8.17E-03 N/A
Injury 7.93E-04 7.93E-04 1.43E-02 N/A 1.59E-02
‘ Total 5.33E-01 1.02E+01
Notes: :
N/A = Not applicable
Table E.6.2.8 Cumulative Injuries and Fatalities from Traffic Impacts for the
Ex Situ Intermediate Separations Alternative
Mode Fatalities Injuries
Truck and rail transport 5.33E-01 1.02E+01
Employee vehicle 2.08E+01 1.65E+03
Total 2.13E+01 1.66E+03

Disposal - The LAW glass would be placed into a near-surface retrievable disposal
facility on the Hanford Site. A Hanford Barrier would be constructed over the
retrievable LAW disposal site to inhibit migration of contaminants or intrusion by
humans or animals. The high-level vitrification waste glass would be placed in
aboveground storage facility at the Hanford Site. It would then be shipped by rail to an
offsite potential geologic repository for permanent disposal.

The potential for accidents exists during the operation of these activities. The dominant accident
scenarios analyzed in the following subsections were selected from the Accident Screening Table
(Table E.6.3.1). The methodology of the table was previously discussed in Section E.1.1.2.

E.6.3.1 Routine Operation Accidents - Tank Waste Transfers
The dominant routine operations accident during tank waste transfer is the mispositioned jumper
accident previously discussed in the No Action alternative in Section E.2.2.1 and summarized as

follows:

TWRS EIS

E-159

Volume Four




Appendix E Risk from Accidents

Source-term - The source-term resulting from a spray release in Section E.2.2.1.1 was calculated to be
52 L (14 gal).

Probability - The frequency of a mispositioned jumper in Section E.2.2.1.2 was 1.1E-02 per year.
The Ex Situ Intermediate Separations routine operation activity was based on 25 years of operations;

therefore, the probability was calculated to be 2.8E-01.

Table E.6.3.1 Accident Screening Table for the Ex Situ Intermediate Separations Alternative

Activity Hazard Cause Severity Annual Risk
Frequency

Mode - Continued Operations

Waste Transfer {Spray “[4.1.3  Ruptured SST submersible pump linein  [No A 4
valve pit with cover on - 80 psi
4.1.4  Mispositioned jumper in SST DCRT pump | No A 4
pit with cover on - 207 psi
4.1.5 Mispositioned jumper in DST DCRT No A 4
pump pit with cover on - 207 psi
4.1.6  Mispositioned jumper in SST valve pit Low A 8
with cover off - 80 psi
4.1.7 Mispositioned jumper in SST DCRT High U 12
pump pit with cover off - 207 psi
4.1.8  Mispositioned jumper in DST DCRT High U 12
pump pit with cover off - 207 psi
4.1.12  Valve stem seal leak in cross-site transfer |No EU 2
line - 1,500 psi
Leak 4.1.9  Aging waste pipeline break due to Low EU 4
excavation activities
4.1.10 DST pipeline break due to excavation Low EU 4
activities
4.1.11 Cross-site transfer line break due to Low EU 4
excavation activities
Evaporator Leak 4.2.1 Corroded underground slurry line leak Low BDBA 2
Operations Spray during emergency dump
4.2.4 Underground slurry line leak due to Low EU 4

excavation activity

4.2.2  Leak at connection between jumper and No A 4
wall nozzle in P-B-2 pump room with
filtration - 240 psi

4.2.3  Leak at connection between jumper and |No A 4
wall nozzle in P-B-2 pump room with
filter damage - 240 psi

Fire/ 4.2.5  Red oil compound deflagrate or burn No BDBA 1
deflagration under elevated temperature in evaporator
42,6  Flammable compounds ignite under No BDBA 1

elevated temperature in evaporator

4.2.7 Second-phase organics compounds ignite |No BDBA 1
under elevated temperature in evaporator

collection tank
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Table E.6.3.1 Accident Screening Table for the Ex Situ Intermediate Separations Alternative (cont'd)

Activity Hazard Cause Severity Annual Risk
Frequency
Ammonia 4.2.9  Ammonia release from the evaporator due |High EU 8
release to a blending error
Evaporator Ventilation 4.2.8  Earthquake spills slurry in evaporator Moderate |U 9
operations failure vessel and ruptures building ventilation
Retrieval
Mechanical Mechanical {4.3.1.1 Tank dome collapse when retrieval Moderate |EU 6
retrieval impact equipment is inadvertently dropped
4.3.1.6 Container transport truck crashes spilling |No A 4
content of container
Fire/ 4.3.1.2 Ferrocyanide and oxidizer mix and ignite |Low BDBA 2
deflagration from spark
4.3.1.4 Generated hydrogen in tank is ignited Low BDBA
4.3.1.9 Power loss to ventilation allows flammable | Low EU
gas buildup
Criticality 4.3.1.3 Waste in tank reaches criticality state Low BDBA
Ventilation 4.3.1.5 Earthquake causes double-ended rupture of | Low U 6
failure ventilation recirculation duct
4.3.1.7 SST steam explosion surge overcomes Low U 6
tank ventilation negative pressure
4.3.1.10 HEPA filter plug and blowout due to Low EU 4
ventilation heater failure
Leak 4.3.1.8 Retrieval activity creates leaks from No A 4
existing corrosion holes
Hydraulic Mechanical |4.3.2.1 Tank dome collapse due to overload Low BDBA 2
retrieval impact
Spray 4.3.2.2 Pressurized spray leak at slurry pump No A 4
outlet with cover on - 195 psi
4.3.2.3 Pressurized spray leak at supernate/siuice }No A 4
pump inlet cover on - 195 psi
4.3.2.14 Pressurized spray release inside tank No EU
Leak 4.3.2.4 Seismic rupture of slurry pump outlet Low U
waste transfer line
4.3.2.5 Seismic rupture of supernate pump inlet |Low U 6
waste transfer line
4.3.2.7 Break in slurry transfer piping Low EU
4.3.2.10 SST leakage to the soil column No A
Ventilation 4.3.2.6 Seismic rupture of ventilation recirculation | Low U
failure duct
4.3.2.9 Loss of filtration Low EU
4.3.2.8 SST steam explosion surge overcomes Low U
tank ventilation negative pressure
Fire/ 4.3.2.11 Ferrocyanide reaction Low BDBA
deflagration 4 3 5 13 Hydrogen deflagration Low EU
4.3.2.15 Loss of services or power - factor for Low EU
flammable gas build up
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Table E.6.3.1 Accident Screening Table for the Ex Situ Intermediate Separations Alternative (cont'd)

Activity Hazard Cause Severity Annual Risk
Frequency
Criticality - 4.3.2.12 Criticality Low BDBA 2
Mode - Pretreatment
Waste staging | Spill/spray 4.5.1.1.1 Process tank spill due to earthquake No EU 2
and sampling - —
facility Spray 4.5.1.1.2 Line break occurs within vault due to }Low U 6
earthquake
Separations Spill 4.5.2.1 Process tank spill due to earthquake Low EU
facility Explosion 4.5.2.2 Cs ion exchange is exposed to Low EU
concentrated HNO, and ignites
Mode - Treatment
LAW Spill/spray 4.5.3.1 Process tank spill due to earthquake Low BDBA
wfntr.;ﬁcauon Fire/ . 4.5.3.2 Kerosene/oxygen line ruptures due to . Low BDBA
actlity deflagration dropped melter cell cover block
4.5.3.3 Dicyclopentadiene\cyclopentadiene feed |No EU 2
line rupture by crane load during
maintenance activity
HLW Spill 4.5.4.1 Melter, process tanks spill due to Low BDBA 2
vitrification earthquake '
facility Fire/ 4.5.4.2 Hydrogen buildup due to air sweep failure |High BDBA 4
deflagration
Mechanical |4.5.4.4 Canister dropped due to mechanical or No A 4
impact human failure
Leak 4.5.4.5 Canister storage cask leaks Low BDBA 2
Mode - Disposal/Storage
LAW repository |Leak 4.7.1 . Breach of LAW vault No BDBA 1
HLW temporary | Leak 4.8.1  Breach of HLW storage container No BDBA 1
storage
HLW transport |Mechanical |Rail accident
offsite impact
Notes:
A = Anticipated 1.0E-02 to 1 (value = 4)
BDBA = Beyond design basis accident 1.0E-07 ta 1.0E-06 (value = 1)
DCRT = Double-contained tank receiver
EU = Extremely unlikely 1.0E-06 to 1.0E-04 (value = 2)
HEPA = High-efficiency particulate air
High = Onsite fatalities, offsite exposure > 1E-1 rem (value = 4)
HLW = High-level waste
LAW = Low-activity waste
Low = Onsite exposure < 5 rem, offsite exposure <0.0001 rem (value = 2)
Moderate = Onsite exposure > 5 rem, offsite exposure <1.0E-0l (value = 3)
No = Negligible onsite and offsite impact, <0.005 rem onsite, < 0.0001 rem offsite (value = 1)
SST = Single-shell tank
U = Unlikely 1.0E-04 to 1.0E-02 (value = 3)
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Radiological Consequences - The radiological consequences presented in Table E.2.2.2 are

reproduced in Table E.6.3.2.

Table E.6.3.2 Dose Consequence from Mispositioned Jumper

Receptor Dose CEDE (person-rem)
Nominal Scenario Bounding Scenario
MEI worker 5.88E+01 1.33E+03
Workers (10)" 5.88E+02 1.33E+04
MEI noninvolved worker 1.92E+01 4.35E+402
Noninvolved worker (1,835)" 7.23E+02 1.64E+04
MEI general public 8.44E-02 1.91E+00
General public (114,734)" 1.77E+02 4.01E+03

Notes: ’

' Number of people in exposed population
CEDE = Committed effective dose equivalent
MEI = Maximally-exposed individual

Radiological Cancer Risk - The LCFs calculated in Section E.2.2.1.4 are the same for the Ex Situ
Intermediate Separations alternative. However, the LCF risk (point estimate) is not the same due to the
difference in probabilities. The LCFs and the LCF risk are calculated in Table E.6.3.3.

Table E.6.3.3 Latent Cancer Fatality Risk from Mispositioned Jumper

Receptor Dose CEDE LCF/rem LCF' Probability LCF Risk
(person-rem) (point
estimate)
Nominal Scenario
MEI worker 5.88E+01 8.00E-04 4.70E-02 2.75E-01 1.29E-02
Workers (10) 5.88E+02 8.00E-04 4.70E-01 2.75E-01 1.29E-01
MEI noninvolved worker 1.92E+01 4.00E-04 7.68E-03 2.75E-01 2.11E-03
Noninvolved workers (1,835)° 7.23E+02 4,00E-04 2.89E-01 2.75E-01 7.95E-02
METI general public 8.44E-02 5.00E-04 4.22E-05 2.75E-01 1.16E-05
General public (114,734) * 1.77E+02 5.00E-04 8.85E-02 2.75E-01 2.43E-02
Bounding Scenario
MEI worker 1.33E+03 lethal 1.00E+00 2.75E-01 2.75E-01
Workers (10) 1.33E+04 lethal 1.00E+01 2.75E-01 2.75E+00
MEI noninvolved worker 4.35E+02 lethal 1.00E+00 2.75E-01 2.75E-01
Noninvolved workers (1,835)? 1.64E+04 4.00E-04 6.56E+00 2.75E-01 1.80E+00
MEI general public 1.91E+00 5.00E-04 9.55E-04 2.75E-01 2.63E-04
General public (114,734) 2 4.01E+03 5.00E-04 2.01E+00 2.75E-01 5.51E-01
Notes:

! Total number of fatal cancers of the accident occurs
? Number of people in exposed population.

CEDE = Committed effective dose equivalent

LCF = Latent cancer fatality

ME! = Maximally-exposed individual
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The bounding calculations show all 10 workers would potentfally receive fatal dose and assumably die
directly after the exposure if the accident occurred. Approximately seven noninvolved workers would
receive fatal cancers and two fatal cancers would be incurred to the general public. The nominal
scenario calculations show there would be no LCFs.

Chemical Consequences

Potential acute hazards associated with a mispositioned jumper are identical to those summarized in
Tables E.2.2.4 (toxic chemicals, nominal conditions), E.2.2.5 (toxic chemicals, bounding conditions),
E.2.2.6 (corrosive/irritant chemicals, nominal conditions) and E.2.2.7 (corrosive/irritant chemicals,
bounding conditions) for the No Action alternative.

Toxic Impact from Chemical Exposure

Under nominal conditions (Table E.2.2.4), the cumulative acute hazard ratios for the MEI worker,
MEI noninvolved worker, and MEI general public were less than 1.0, indicating that no adverse acute
health effects would be expected for these three receptors. Under bounding conditions (Table E.2.2.5),
the MEI worker was not evaluated because death would occur from exposure to radionuclides. The
cumulative acute hazard ratio for the MEI noninvolved worker was 5.36E+00 for ERPG-2, indicating
that reversible acute health effects would be expected. This acute hazard ratio was primarily
attributable to mercury (approximately 89 percent of the overall hazard ratio). No adverse acute health
effects were predicted for the MEI general public under bounding conditions.

Corrosive/Irritant Impact from Chemical Exposure

Under nominal conditions (Table E.2.2.6), the cumulative acute hazard ratio for the MEI worker was
2.70E+00 for ERPG-3, indicating the potential for irreversible health effects that could be life
threatening. This acute hazard ratio was almost entirely attributable to sodium assumed to be
equivalent to sodium hydroxide in corrosive/irritant effects. For the MEI noninvolved worker, the
cumulative acute hazard ratio for ERPG-1 was 3.00E+00, indicating that only mild, reversible irritant
effects would be expected. No acute health impacts were predicted for the MEI general public under
nominal conditions. Under bounding conditions (Table E.2.2.7), the MEI worker was not evaluated
because death would occur from exposure to radionuclides. For the MEI noninvolved worker, the
cumulative acute hazard ratio for ERPG-1 was 4.36E+00, indicating that only mild reversible irritant
effects would be expected. No acute health impacts were predicted for the MEI general public under
bounding conditions.

Under both nominal and bounding conditions, the probability of a mispositioned jumper is 2.75E-01.

E.6.3.2 Continued Operations Accidents - Waste Storage Tanks
The dominant accident is a hydrogen deflagration in a waste storage tank previously discussed in the
No Action alternative in Section E.2.2.2.1 and is summarized as follows.

Source-term - The source-term resulting from the fire in Section E.2.2.2.1 was calculated to be 2.4 L
(0.6 gal).

TWRS EIS E-164 Volume Four




Appendix E : Risk from Accidents

Probability - The frequency of the hydrogen deflagration in a waste storage tank in Section E.2.2.2.2
was estimated to be 7.2E-03 per year. The probability of the scenario based on 25 years of operation
was therefore estimated to be 1.8E-01.

Radiological Consequences - The radiological cbnsequences presented in Table E.2.2.8 are
reproduced in Table E.6.3.4.

Radiological Cancer Risk - The LCFs calculated in Section E,2.2.2.4 are the same for the Ex Situ
Intermediate Separations alternative. However, the LCF risk (point estimate) is not the same due to the
difference in probabilities. The LCR and the LCF risk are calculated in Table E.6.3.5.

In the bounding all 10 workers would potentially receive a fatal dose and assumably die directly after
the exposure. There would also be 10 LCFs attributed to the exposure to the noninvolved workers and
2 LCFs to the general public if the accident occurred. The nominal scenario calculations show there
would be no LCFs.

Table E.6.3.4 Dose Consequence from Hydrogen Deflagration in Waste Storage Tank

Receptor Dose CEDE (person-rem)
Nominal Scenario Bounding Scenario
MEI worker ’ 3.91E+01 7.31E+4+03
Workers (10)! 3.91E+02 7.31E+04
MEI noninvolved worker 9.40E+00 1.76E+03
Noninvolved worker (1,835)! 1.32E+02 2.47E+04
MEI general public 2.28E-02 4.26E+00
General public (114,734)' 1.99E+01 3.72E+03

Notes:

! Total number of fatal cancers if the accident occurs
CEDE = Committed effective dose equivalent

MEI = Maximally-exposed individual

Chemical Consequences

Potential acute hazards associated with a hydrogen burn in a waste storage tank are identical to those
summarized in Tables E.2.2.10 (toxic chemicals, nominal conditions), E.2.2.11 (toxic chemicals,
bounding conditions), E.2.2.12 (corrosive/irritant chemicals, nominal conditions) and E.2.2.13
(corrosive/irritant chemicals, bounding conditions) for the No Action alternative.

Under bounding conditions, chemical impacts were not evaluated for the MEI worker because all
workers would receive a lethal radiation dose as discussed previously.
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Table E.6.3.5 Latent Cancer Fatality Risk from Hydrogen Deflagration in Waste Storage Tank

Receptor Dose CEDE LCF/rem LCF' Probability LCF Risk
(person-rem) (point estimate)
Nominal Scenario
MEI worker 3.91E+01 8.00E-04 3.13E-02 1.80E-01 5.63E-03
Workers (10)" 3.91E+02 8.00E-04 3.13E-01 1.80E-01 5.63E-02
MEI noninvolved worker 9.40E+00 4.00E-04 3.76E-03 1.80E-01 6.77E-04
Noninvolved worker. (1,835)' 1.32E+02 4.00E-04 5.28E-02 1.80E-01 9.50E-03
MEI general public 2.28E-02 5.00E-04 1.14E-05 1.80E-01 2.05E-06
General public (114,734)' 1.99E+01 5.00E-04 9.95E-03 1.80E-01 1.79E-03
Bounding Scenario
MEI worker 7.31E+03 lethal 1.00E+00 1.80E-01 1.80E-01
Workers (10)' : 7.31E+04 lethal 1.00E+01 1.80E-01 1.80E+00
MEI noninvolved worker 1.76E+03 lethal 1.00E+00 1.80E-01 1.80E-01
Noninvolved worker (1,835)" 2.47E+04 4.00E-04 9.88E+00 1.80E-01 1.78E+00
MEI general public 4.26E+00 5.00E-04 2.13E-03 1.80E-01 3.83E-04
General public (114,734)" 3.72E+03 5.00E-04 1.86E+00 1.80E-01 3.35E-01
Notes:

! Total number of fatal cancers if the accident occurs
? Number of people in exposed population.

CEDE = Committed effective dose equivalent

LCF = Latent cancer fatality

MEI = Maximally-exposed individual

Toxic Impact from Chemical Exposure

Under nominal conditions (Table E.2.2.10), the cumulative acute hazard ratio for the MEI worker was
1.57E+00 for ERPG-2, indicating that reversible acute health effects would be expected. This acute
hazard ratio was primarily attributable to TOC (approximately 87 percent of the overall ERPG-2 ratio).
The TOC is assumed to be equivalent in toxicity to tributylphosphate, which is the most acutely toxic
constituent of the organic analytes identified. Tributylphosphate was used as a surrogate because an
inventory of the various chemicals that make up the TOC class is not available. For the MEI
noninvolved worker, the cumulative acute hazard ratio for ERPG-3 was 9.38E+00, indicating the
potential for irreversible health effects that could be life-threatening. This acute hazard ratio was also
primarily attributable to TOC (approximately 90 percent of the overall ERPG-3 ratio) However, the
MEI noninvolved worker is a hypothetical worker assumed to be located 100m (330 ft) from the source
area. The first anticipated noninvolved worker population is located 290 m (950 ft) from the source
area and had no cumulative acute hazard ratios greater than 1.0 for any of the ERPGs, indicating that
no acute health effects would be expected for the nearest noninvolved worker population. Likewise, no
acute health effects were predicted for the MEI general public under nominal conditions.
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Under bounding conditions (Table E.2.2.11), the cumulative acute hazard ratio for the MEI
noninvolved worker was 4.54E+02 for ERPG-3, indicating the potential for irreversible health effects
that could be life-threatening. This acute hazard ratio is primarily attributable to:

. Oxalate (approximately 37 percent of the total hazard ratio);

. Beryllium (approximately 13 percent of the total hazard ratio);

. Cadmium (approximately 14 percent of the total hazard ratio);

. Uranium (approximately 12 percent of the total hazard ratio); and
. TOC (approximately 8 percent of the total hazard ratio).

As discussed previously, this is a hypothetical receptor located 100m (330 ft) from the source.

The cumulative acute hazard ratio for the nearest noninvolved worker population located 290 m (950 ft)
from the source was 1.65E+00 for ERPG-3, indicating the potential for irreversible health effects that
could be life threatening for 335 workers. This hazard ratio was attributable to the same toxic
chemicals listed above. This exceedance of the ERPG-3 criterion for the nearest noninvolved worker
population would not be expected to result in irreversible health effects or place these workers in a life-
threatening situation for the following reasons.

. ERPG-3 is defined as a concentration in which a receptor can be exposed for 1 hour
without irreversible health effects. Because the Hanford Site has an in-place
emergency response plan designed to evacuate workers within 1 hour of an accident,
workers would be expected to evacuate their location and move to an area where
potential exposures would be well below ERPG-3. Therefore, this worker population
would not be exposed to airborne concentrations that would be either life threatening or
result in irreversible health effects.

. The estimated air concentrations of chemicals as a result of this accident were based on
very conservative meteorology, which results in movement of a plume directly toward
the worker population at a relatively slow rate with minimal wind dispersion. If less
conservative meteorological parameters were used, wind dispersion would cause the
estimated air concentrations of chemicals to be substantially less, and the ERPG-3
criterion would not be exceeded. _

. Only the bounding toxic chemical evaluation exceeded ERPG-3, while the nominal
evaluation was well below 1.00E+00 for ERPG-3, suggesting that the noninvolved
worker population would not receive an exposure that would result in any permanent
health effects.

The next nearest noninvolved worker population is located 1,780 m (5,840 ft) from the source and
contains 1,500 workers. The cumulative acute hazard ratio was less than 1.0 for all ERPGs, indicating
that no acute health effects would be expected for this population of workers. No acute health impacts
were predicted for the MEI general public.

Corrosive/Irritant Impact from Chemical Exposure
Under nominal conditions (Table E.2.2.12), the cumulative acute hazard ratio for the MEI worker was
3.82E+00 for ERPG-3, indicating the potential for irreversible corrosive/irritant effects that could be

TWRS EIS E-167 Volume Four

I
I
I
I
I
|
I
|
I
I
|
I
I
I
I
|
I
I
I
|
|
I
I
I
I
I
I
|
I
I
|
|
I
|
I
|
I
|
I
|
I
|




Appendix E Risk from Accidents

life threatening. For the MEI noninvolved worker, the cumulative acute hazard ratio for ERPG-3 was
7.89E+01 and would indicate irreversible corrosive/irritant effects that could be life threatening for
this hypothetical receptor. This hazard ratio was primarily attributable to sodium, which was assumed
to be equivalent to sodium hydroxide in corrosive/irritant effects. For the nearest noninvolved worker
population (290 m [950 ft]) composed of 335 workers, the cumulative acute hazard ratio for ERPG-1
was 1.38E+01, indicating that only mild reversible effects would be expected. No acute health impacts
were predicted for the MEI general public under nominal conditions.

Under bounding conditions (Table E.2.2.13), the cumulative acute hazard ratio for the MEI
noninvolved worker was 1.91E+02 for ERPG-3, indicating irreversible health effects that could be life
threatening for this hypothetical receptor. This hazard ratio was primarily attributable to:

. Sodium as sodium hydroxide (approximately 75 percent of the total hazard ratio);
. Chromium (approximately 14 percent of the total hazard ratio); and
. Calcium (approximately 6 percent of the total hazard ratio).

For the nearest noninvolved worker population (290 m [950 ft]) composed of 335 workers, the
cumulative acute hazard ratio was 1.74E+00 for ERPG-2, indicating that reversible acute effects
would be expected. No acute health impacts were predicted for the MEI general public under nominal
conditions.

Under both nominal and bounding conditions, the probability of a hydrogen deflagration event in a
waste storage tank is 1.80E-01.

E.6.3.3 Retrieval Accidents

The types of potential accidents associated with retrieval are leaks, sprays, ventilation failure,
fire/deflagration, mechanical impacts, and criticality. From the Accident Screening Table

(Table E.6.3.1), the accident within design basis identified as having the hlghest risk was Accident
E.4.3.1.10, "loss of filtration."

A tank dome collapse analysis (Shire et al. 1995 and Jacobs 1996) concluded that the annual frequency
of the event would be incredible depending on barrier configuration and administrative controls. The
collapse of a tank dome would require a heavy vehicle on the dome. Large objects such as the tank
241-SY-101 mixer pump do not represent sufficient weight to cause damage to the tank dome because
they are suspended from a support structure in the central pit. Mechanical barriers such as posts
spaced closely together would prevent large vehicles from driving on top of the domes without
removing the posts. Pgst removal would be administratively controlled through a controlled locking
system. Failure of the barrier configuration and the administrative control system was calculated to be
1.0E-07/year.

E63.3.1 S . 1S i Devel for 1 ¢ Filtrati
It was postulated that a ventilation heater failure could occur due to an electrical fault resulting in
humid air plugging the HEPA filter and filter blowout. A condenser maintenance backflush error could
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also result in plugging the HEPA filter and filter blowout. Loss of both stages of filtration would allow
an unfiltered release LPF of 1.00 for the bounding scenario.

The impact of the postulated accident during retrieval of tank waste would result in an airborne release
of the radionuclides in the headspace of the tank. Assuming a respirable concentration of radionuclides
in the headspace of 100 mg/m’ (based on a partition fraction between liquid and aerosol of 1.0E-07),
a liquid SpG of 1, and a headspace volume of 2,500 m’, the potential source-term from the headspace
release was calculated as follows:

(100 mg/m’ ) - (2,500 m’ ) - (1 g/1,000 mg) - (1 L/1,000 g) - (1) = 0.25 L (0.066 gal).

The annual frequency of the event was calculated in the potential accident data package (Shire et al.

1995 and Jacobs 1996) as follows:
The failure rate of an electrically powered air heater was calculated to be 8.8E-03/yr based on
an hourly failure rate of 1.0E-06. The HEPA filtration system would have a monitoring and
alarm system that could detect the change in the differential pressure caused by a filter plug or
filter blowout. This system was given a failure rate of 1.0E-03/yr. The annual frequency of
this event was therefore calculated to be 8.8E-06. Based on 25 years of operation, the
probability was calculated to be 2.2E-04.

E.6.3.3.3 Radiological C from | f Filtrati
The radiological dose to the receptors from the previous source-term was calculated by the GENII
computer code (Napier et al. 1988) using the methodology previously discussed in Section E.1.1.6.

The results (Shire et al. 1995 and Jacobs 1996) are summarized in Table E.6.3.6.

Table E.6.3.6 Dose Consequence from Loss of Filtration

Receptor Dose CEDE (person-rem)
Nominal Scenario Bounding Scenario

MEI worker 4.89E+01 3.26E+03
Workers (10)’ | 4.89E+02 3.26E+04
MEI noninvolved worker 3.22E-01 2.14E+01
Noninvolved worker (1,835)’ 1.37E+01 9.16E+02
MEI general public 1.38E-03 9.22E-02

General public (114,734)' 2.07E+00 1.38E+02

Notes:

' Number of people in exposed population.
CEDE = Committed effective dose equivalent.
MEI = Maximally-exposed individual.

E.6.3.3.4 Radiological Cancer Risk from ¢ Filtra
The LCFs and the LCF point estimate risk were calculated for the receptors and are presented in Table
E.6.3.7.
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In the bounding scenario all 10 workers would potentially receive a fatal dose and assumably die
directly after the exposure. There would also be less than one LCF attributed to the exposure to the
noninvolved workers and general public if the accident occurred. The nominal scenario calculations
show there would be no LCFs.

E.6.3.3.5 Chemical C from I f Filtrati
The chemical exposure to the receptors from the postulated accident was calculated in Appendix A of
the accident data package (Shire et al. 1995 and Jacobs 1996) and summarized in the exposure column
in Tables E.6.3.8 and E.6.3.9 for the nominal and bounding toxic effects, respectively, and Tables
E.6.3.10 and E.6.3.11 for the nominal and bounding corrosive/irritant effects, respectively. The tables
compare the concentration of postulated chemical releases to acute exposure criteria (ERPGs) discussed
in Section 1.1.7.

Table E.6.3.7 Latent Cancer Fatality Risk from Loss of Filtration

Receptor Dose LCF/rem LCF! Probability LCF Risk
(person-rem) (point estimate)

Nominal Scenario

MEI worker 4.89E+01 8.00E-04 3.91E-02 2.20E-04 8.61E-06
Workers (10)' 4.89E+02 8.00E-04 3.91E-01 2.20E-04 8.61E-05
MEI noninvolved worker 3.22E-01 4.00E-04 1.29E-04 2.20E-04 2.83E-08
Noninvolved worker (1,835)' 1.37E+01 4.00E-04 5.48E-03 2.20E-04 1.21E-06
MEI general public 1.38E-03 5.00E-04 6.90E-07 2.20E-04 1.52E-10
General public (114,734)" 2.07E+00 5.00E-04 1.04E-03 2.20E-04 2.28E-07
Bounding Scenario
MEI worker 3.26E+03 lethal 1.00E+00 2.20E-04 2.20E-04
Workers (10)’ 3.26E+04 lethal 1.00E+01 2.20E-04 2.20E-03
MEI noninvolved worker 2.14E+01 8.00E-04 ' 1.71E-02 2.20E-04 3.77E-06
Noninvolved worker (1,835)' 9.16E+02 4.00E-04 3.66E-01 2.20E-04 8.06E-05
MEI general public 9.22E-02 5.00E-04 4.61E-05 2.20E-04 1.01E-08
General public (114,734)" 1.38E+02 5.00E-04 6.90E-02 2.20E-04 1.52E-05
Notes:

! Total number of fatal cancers if the accident occurs.

% Risk of receiving lethal dose. Receptor would potentially die from lethal dose, not from latent cancer.
LCF = Latent cancer fatality

MEI = Maximally-exposed individual

Under bounding conditions, chemical impacts were not evaluated for the MEI worker because all
workers would receive a lethal radiation dose, as discussed previously.
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Table E.6.3.8 Comparisoh of Nominal Chemical Concentrations to
Toxic Concentration Limits for Loss of Filtration

Analyte Exposure ERPG-1 ERPG-2 ERPG-3
(Threshold values are presented in mg/m’) (mg/m*) (mg/m’) _(mg/m®) (mg/m’)
Cadmium ' Threshold Value 2.00E-01 1.00E+00| 1.00E+01
Ratio of Exposure to ERPG
MEI worker 3.37E-03 1.69E-02 3.37E-03 3.37E-04
MEI noninvolved worker 6.97E-02 3.49E-01 6.97E-02 6.97E-03
MEI general public 2.77E-06 1.39E-05 2.77E-06 2.77E-07
Cerium ? Threshold Value 7.00E+01 | 5.00E+02 | 7.00E+02
Ratio of Exposure to ERPG
MEI worker 2.06E-01 2.94E-03 4.12E-04 2.94E-04
MEI noninvolved worker 4.26E+00 6.09E-02 8.52E-03 6.09E-03
MEI general public 1.70E-04 2.43E-06 3.40E-07 2.43E-07
Mercury * ‘Threshold Value 7.50E-02 1.00E-01{ 1.40E+01
Ratio of Exposure to ERPG
MEI worker 7.92E-04 1.06E-02 7.92E-03 5.66E-05
MEI noninvolved worker 1.64E-02 2.19E-01 1.64E-01 1.17E-03
MEI general public 6.51E-07 8.68E-06 6.51E-06 4.65E-08
Total Organic Carbon Threshold Value 3.00E+00| 1.50E+01| 5.00E+0l
(as tributyl phosphate) ¢ Ratio of Exposure to ERPG
- IMEI worker 1.76E-01 5.87E-02 1.17E-02 3.52E-03
MEI noninvolved worker 3.64E+00 { 1.21E+00 2.43E-01 7.28E-02
MEI general public 1.45E-04 4.83E-05 9.67E-06 2.90E-06
Total MEI worker ratios 8.90E-02 2.34E-02 4.21E-03 |
Total MEI noninvolved worker ratios 1.84E+00 | 4.85E-01 8.70E-02 I
Total MEI general public ratios 7.33E-05 1.93E-05 3.47E-06 |

Notes:

' Guidelines are based on total cadmium content and were developed by HEHF.
? ERPGs for cerium were developed by HEHF using data for cerium chloride.

3 Guidelines are based on total mercury content. ERPG-2 is the EPA Level of Concern (LOC). The ERPG-3 is the NIOSH
IDLH for mercury vapor.

* ERPGs were based on the toxicity of tributylphosphate.

ERPG = Emergency response planning guideline values.

ERPG 1= These are maximum airborne concentrations below which it is believed that nearly all individuals could be exposed
for up to one hour without experiencing other than mild transient adverse effects or perceiving a clearly defined objectionable
odor.

ERPG-2 = These are the maximum airborne concentrations below which it is believed that nearly all individuals could be
exposed for up to one hour without experiencing or developing irreversible or other serious health effects or symptoms that
could impair their abilities to take protective action.

ERPG-3 = These are the maximum airborne concentrations below which it is believed that nearly all individuals could be
exposed for up to one hour without experiencing or developing life-threatening health effects.

E-171
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Table E.6.3.9 Comparison of Bounding Chemical Concentrations to

Toxic Concentration Limits for Loss of Ventilation - SST Solids

Analyte Exposure ERPG-1 ERPG-2 ERPG-3
(Threshold values are presented in mg/m®) (mg/m?*) (mg/m*) (mg/m?) (mg/m®)
Antimony '  |Threshold Value 2.00E+00 |4.00E+01 [7.00E+01
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 3.69E+00 1.85E+00 9.23E-02 5.27E-02
Non involved worker population (290 m [950 ft]) |1.34E-02 6.70E-03 3.35E-04 1.91E-04
Non involved worker population (1,780m) 1.80E-04 9.00E-05 4.50E-06 2.57E-06
MEI general public 1.47E-04 7.35E-05 3.68E-06 2.10E-06
Arsenic Threshold Value 1.00E-01 7.00E+00 1.00E+01
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 2.96E+00 2.96E+01 4.23E-01 2.96E-01
Non involved worker population (290 m [950 ft]) [1.07E-02 1.07E-01 1.53E-03 1.07E-03
Non involved worker population (1,780 m 1.44E-04 1.44E-03 2.06E-05 1.44E-05
[5,840 ft})
MEI general public 1.18E-04 1.18E-03 1.69E-05 1.18E-05
Beryllium *  [Threshold Value 6.00E-03 {2.50E-02 1.00E-01
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 6.40E-02 1.07E+01 2.56E+00 [6.40E-01
Non involved worker population (290 m [950 ft]) {2.32E-04 3.87E-02 9.28E-03 2.32E-03
Non involved worker population (1,780 m 3.12E-06 5.20E-04 1.25E-04 3.12E-05
[5,840 ft])
MEI general public 2.55E-06 4.25E-04 1.02E-04 2.55E-05
Cadmium *  |Threshold Value 2.00E-01 1.00E+00 1.00E+01
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 4.19E+00 2.10E+01 4.19E+00  J4.19E-01
Non involved worker population (290 m [950 ft]) 1.5;2E-02 |7.60E-02 1.52E-02 1.52E-03
Non involved worker population (1,780 m 2.04E-04 1.02E-03 2.04E-04 2.04E-05
[5,840 ft])
MEI general public 1.67E-04 8.35E-04 1.67E-04 1.67E-05
Cerium °* Threshold Value 7.00E+01 5.00E+02 [7.00E+02
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 2.22E+00 3.17E-02 4.44E-03 3.17E-03
Non involved worker population (290 m [950 ft]) {8.03E-03 1.15E-04 1.61E-05 1.15E-05
Non involved worker population (1,780 m 1.08E-04 1.54E-06 2.16E-07 1.54E-07
[5,840 fi])
MEI general public 8.82E-05 1.26E-06 1.76E-07 1.26E-07
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Table E.6.3.9 Comparison of Bounding Chemical Concentrations to
Toxic Concentration Limits for Loss of Ventilation - SST Solids (cont'd)

Analyte Exposure ERPG-1 ERPG-2 ERPG-3
(Threshold values are presented in mg/m®) (mg/m’) (mg/m’) (mg/m’) (mg/m’)
Cobalt © Threshold Value - 5.00E-02 2.00E-01 8.00E+00
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 1.33E+4-00 2.66E+01 6.65E4+00 |1.66E-01
Non involved worker population (290 m [950 ft]) [4.82E-03 9.64E-02 2.41E-02 6.03E-04
Non involved worker population (1,780 m 6.48E-05 1.30E-03 3.24E-04 8.10E-06
[5,840 ft]) '
MEI general public 5.29E-05 1.06E-03 2.65E-04 6.61E-06
Cyanide ’ Threshold Value 5.00E+00 {4.10E+01 [2.00E+02
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 2.02E+01 4.04E400  }4.93E-01 1.01E-01
Non involved worker population (290 m [950 ft]) |7.32E-02 1.46E-02 1.79E-03 3.66E-04
Non involved worker population (1,780 m 9.84E-04 1.97E-04 2.40E-05 4.92E-06
[5,840 ft])
MEI general public 8.04E-04 1.61E-04 1.96E-05 4.02E-06
Mercury ® Threshold Value 7.50E-02 1.00E-01 1.40E+01
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 1.33E+-02 1.77E+03 1.33E+03  |9.50E+00
Non involved worker population (290 m [950 ft]) |4.82E-01 6.43E+00 4.82E4+00 |3.44E-02
Non involved worker population (1,780 m 6.48E-03 8.64E-02 6.48E-02 4.63E-04
[5,840 ft))
MEI general public 5.29E-03 7.05E-02 5.29E-02 3.78E-04
Neodymium ° |Threshold Value 7.20E+01 5.04E4+02 {7.20E+02
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 5.91E-01 8.21E-03 1.17E-03 8.21E-04
Non involved worker population (290 m [950 ft]) [2.14E-03 2.97E-05 4.25E-06 2.97E-06
Non involved worker population (1,780 m 2.88E-05 4.00E-07 5.71E-08 4.00E-08
15,840 fi))
MEI general public 2.35E-05 3.26E-07 4.66E-08 3.26E-08
Oxalate '° Threshold Value 4.00E+00 2.00E+01 |4.00E+01
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 6.90E+02 1.73E4+02  {3.45E+01 1.73E+01
Non involved worker population (290 m [950 ft]) {2.50E 400 6.25E-01 1.25E-01 6.25E-02
Non involved worker population (1,780 m 3.36E-02 8.40E-03 1.68E-03 8.40E-04
[5,840 ft])
MEI general public 2.74E-02 6.85E-03 1.37E-03 6.85E-04
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Table E.6.3.9 Comparison of Bounding Chemical Concentrations to
Toxic Concentration Limits for Loss of Ventilation - SST Solids (cont'd)

TWRS EIS

Analyte Exposure ERPG-1 ERPG-2 ERPG-3
(Threshold values are presented in mg/m’) (mg/m*) (mg/m’) (mg/m’) (mg/m’)
Selenium "' |Threshold Value 2.00E-01 4.00E-01 2.00E+00
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 8.62E+00 4.31E+01 2.16E+01 |4.31E+00
Non involved worker population (290 m [950 ft)) {3.12E-02 1.56E-01 7.80E-02 1.56E-02
Non involved worker population (1,780 m 4.20E-04 2.10E-03 1.05E-03 2.10E-04
[5,840 ft])
METI general public 3.43E-04 1.72E-03 8.58E-04 1.72E-(4
Tellurium " |Threshold Value 1.30E-01 3.00E-01 1.40E+00
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 4.93E-01 3.79E+00 1.64E+00  {3.52E-01
Non involved worker population (290 m [950 ft]) ]1.79E-03 1.38E-02 5.97E-03 1.28E-03
Non involved worker population (1,780 m 2.40E-05 1.85E-04 8.00E-05 1.71E-05
[5,840 ft])
- IMEI general public 1.96E-05 1.51E-04 6.53E-05 1.40E-05
Thallium " |Threshold Value 3.00E-01 2.00E+00 |2.00E+0!
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 2.96E+00 9.87E+00 1.48E+00 |1.48E-01
Non involved worker population (290 m {950 ft]) |1.07E-02 3.57E-02 5.35E-03 5.35E-04
Non involved worker population (1,780 m 1.44E-04 4 .80E-04 7.20E-05 7.20E-06
[5,840 ft])
MEI general public 1.18E-04 3.93E-04 5.90E-05 5.90E-06
Uranium " |Threshold Value 1.00E+00 [|1.00E+01 [2.00E+01
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 6.90E+02 6.90E+02 6.90E+01 |3.45E+01
Non involved worker population (290 m [950 ft]) {2.50E+00 2.50E4+00  |2.50E-01 1.25E-01
Non involved worker population (1,780 m 3.36E-02 3.36E-02 3.36E-03 1.68E-03
[5,840 ft])
MEI general public 2.74E-02 2.74E-02 2.74E-03 1.37E-03
Vanadium **  [Threshold Value 1.20E+00  {1.10E+01  [4.00E+01
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 8.13E-02 6.78E-02 7.39E-03 2.03E-03
Non involved worker population (290 m [950 ft]) |2.95E-04 2.46E-04 2.68E-05 7.38E-06
Non involved worker population (1,780 m 3.96E-06 3.30E-06 3.60E-07 9.90E-08
[5,840 ft])
MEI general public 3.23E-06 2.69E-06 2.94E-07 8.08E-08
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Table E.6.3.9 Comparison of Bounding Chemical Concentrations to
Toxic Concentration Limits for Loss of Ventilation - SST Solids (cont'd)

Analyte Exposure ERPG-1 ERPG-2 ERPG-3
(Threshold values are presented in mg/m’) (mg/m®) (mg/m’) (mg/m’) (mg/m®)
Total Organic |Threshold Value 3.00E+00 1.50E+01 |5.00E+01
Carbon Ratio of Exposure to ERPG
(as tributyl
phosphate)'® MEI worker N/A N/A N/A N/A
MEI noninvolved worker 2.46E+02 8.20E+01 1.64E+01 |4.92E+00
Non involved worker population (290 m [950 ft]) |8.93E-01 2.98E-01 5.95E-02 1.79E-02
Non involved worker population (1,780 m 1.20E-02 4.00E-03 8.00E-04 2.40E-04
[5,840 ft])
MEI general public 9.80E-03 3.27E-03 6.53E-04 1.96E-04
Total MEI worker ratios N/A N/A N/A
Total MEI noninvolved worker ratios 2.87E+03 1.49E+03 |7.27E+01
Total noninvolved worker population ratios (290 m [950 ft]) 1.04E4+01 |5.40E+00 |2.63E-01
Total noninvolved worker population ratios (1,780 m [5,840 ft]) 1.40E-01 7.25E-02 3.54E-03
Total MEI general public ratios 1.14E-01 5.92E-02 2.89E-03

Notes:

Guidelines are based on total antimony content.
Guidelines are based on total arsenic content.

Guidelines are based on total beryllium content and were developed by PNL.

Guidelines are based on total cadmium content and were developed by HEHF.

ERPGs for cerium were developed by HEHF using data for cerium chloride.

Guidelines are based on total cobalt content and were developed by HEHF.

Guidelines are based on total cyanide content and were developed by HEHF.

Guidelines are based on total mercury content. ERPG-2 is the EPA Level of Concern (LOC). The ERPG-3 is the NIOSH
IDLH for mercury vapor.

® Guidelines are based on total neodymium content and were based on neodymium chloride.

' Guidelines are based on oxalic acid and adjusted by: ERPG(oxalic acid) x mwcompound/mw oxalic acid.

"' Guidelines are based on the toxicity of sodium selenate.

12’ Guidelines are based on sodium selenate and were developed by HEHF.

3 ERPGs were developed by HEHF,

" ERPGs were based on soluble uranium compounds,

¥ ERPGs were based on vanadium pentoxide and were developed by HEHF.

¢ ERPGs were based on the toxicity of tributylphosphate.

ERPG = Emergency response planning guideline values.

ERPG-1 = These are maximum airborne concentrations below which it is believed that nearly all individuals could be
exposed for up to one hour without experiencing other than mild transient adverse effects or perceiving a clearly defined
objectionable odor.

ERPG-2 = These are the maximum airborne concentrations below which it is believed that nearly all individuals could be
exposed for up to one hour without experiencing or developing irreversible or other serious health effects or symptoms that
could impair their abilities to take protective action.

ERPG-3 = These are the maximum airborne concentrations below which it is believed that nearly all individuals could be
exposed for up to one hour without experiencing or developing life-threatening health effects.

L R - Y O - L

TWRS EIS E-175

Volume Four



Appendix E

Risk from Accidents

Table E.6.3.10 Comparison of Nominal Chemical Concentrations to
Corrosive/Irritant Concentration Limits for Loss of Filtration

Analyte Exposure ERPG-1 ERPG-2 ERPG-3
(Threshold values are presented in mg/m’) (mg/m®) (mg/m’) (mg/m*) (mg/m’)
Calcium ' Threshold Value 1.00E+00| 2.20E+01 5.40E+01
Ratio of Exposure to ERPG
MEI worker 1.13E-01 1.13E-01 5.14E-03 2.09E-03
MEI noninvolved worker 2.33E+00| 2.33E+00 1.06E-01 4.31E-02
Non involved worker population (290 m [950 ft]) 8.43E-03 8.43E-03 3.83E-04 1.56E-04
Noninvolved worker population (1,780 m 1.13E-04 1.13E-04 5.14E-06 2.09E-06
[5,840 ft])
MEI general public 9.26E-05 9.26E-05 4.21E-06 1.71E-06
Chromium 2 Threshold Value 2.60E+00|] S5.15E+01 1.29E+02
Ratio of Exposure to ERPG
MEI worker 7.60E-02 2.92E-02 1.48E-03 5.89E-04
MEI noninvolved worker 1.57E+00 6.04E-01 3.05E-02 1.22E-02
Noninvolved worker population (290 m [950 ft}) 5.69E-03 2.19E-03 1.10E-04 4.41E-05
Noninvolved worker population (1,780 m 7.64E-05 2.94E-05 1.48E-06 5.92E-07
[5,840 ft])
MEI general public 6.24E-05 2.40E-05 1.21E-06 4.84E-07
Sodium * Threshold Value 1.20E+00| 2.30E+01{ 5.80E+01
Ratio of Exposure to ERPG
ME]I worker 4.83E+01{ 4.03E+01| 2.10E+00 8.33E-01
MEI noninvolved worker 9.97E+02] 8.31E+02] 4.33E+01 1.72E+01
Noninvolved worker population (290 m {950 ft]){ 3.61E+00| 3.01E+00 1.57E-01 6.22E-02
Noninvolved worker population (1,780 m 4.86E-02 4.05E-02 2.11E-03 8.38E-04
{5,840 ft])
MEI general public 3.97E-02 3.31E-02 1.73E-03 6.84E-04
Total MEI worker ratios 4.04E+01 {2.11E+00__ |8.35E-01
Total MEI noninvolved worker ratios 8.34E+02 |4.35E4+01 |1.72E+01
Total noninvolved worker population ratios (290 m [950 ft]) 3.02E+00 {1.57E-01 6.24E-02
Total noninvolved worker population ratios (1,780 m [5,840 ft]) 4.06E-02 2.12E-03 8.41E-04
Total MEI general public ratios 3.32E-02 1.73E-03 6.87E-04

Notes:

" ERPGs were normalized to sodium hydroxide.

? Guidelines were based on chromium hydroxide normalized to sodium hydroxide.

¥ ERPGs were based on sodium hydroxide normalized to sodium.

ERPG = Emergency response planning guideline values.

ERPG-1 = These are maximum airborne concentrations below which it is believed that nearly all individuals could be exposed
for up to one hour without experiencing other than mild transient adverse effects or perceiving a clearly defined objectionable odor.
ERPG-2 = These are the maximum airborne concentrations below which it is believed that nearly all individuals could be
exposed for up to one hour without experiencing or developing irreversible or other serious health effects or symptoms that could
impair their abilities to take protective action.

ERPG-3 = These are the maximum airborne concentrations below which it is believed that nearly all individuals could be
exposed for up to one hour without experiencing or developing life-threatening health effects.
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Table E.6.3.11 Comparison of Bounding Chemical Concentrations to
Corrosive/Irritant Concentration Limits for Loss of Filtration - SST Solids

Analyte Exposure ERPG-1 ERPG-2 ERPG-3
(Threshold values are presented in mg/m’) (mg/m’) (mg/m’) (mg/m’) (mg/m’)
Ammonia ' Threshold Value 4.60E-01 9.20E+00 | 2.30E+01
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 8.13E-01} 1.77E+00 8.84E-02 3.53E-02
Noninvolved worker population (290 m [950 ft]) 2.95E-03 6.41E-03 3.21E-04 1.28E-04
Noninvolved worker population {1,780 m 3.96E-05 8.61E-05 4.30E-06 1.72E-06
[5,840 ft])
MEI general public 3.23E-05 7.02E-05 3.51E-06 1.40E-06
Barium ? Threshold Value 6.80E+00| 1.38E+02| 3.44E+02
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 9.85E+01 1.45E+01 7.14E-01 2.86E-01
Noninvolved worker population (290 m [950 ft]) 3.57E-01 5.25E-02 2.59E-03 1.04E-03
Noninvolved worker population (1,780 m 4.80E-03 7.06E-04 3.48E-05 1.40E-05
{5,840 ft)
MEI general public 3.92E-03 5.76E-04 2.84E-05 1.14E-05
Calcjum * Threshold Value 1.00E+00{ 2.20E+01 5.40E+01
Ratio of Exposure to ERPG
MEI worker N/A ___ IN/A N/A N/A
MEI noninvolved worker 1.26E+02 | 1.26E+02 | 5.73E+00 | 2.33E+00
Noninvolved worker population (290 m [950 ft])| 4.55E-01 4.55E-01 2.07E-02 8.43E-03
Noninvolved worker population (1,780 m 6.12E-03 6.12E-03 2.78E-04 1.13E-04
15,840 ft])
MEI general public 5.00E-03 5.00E-03 2.27E-04 9.26E-05
Chromijum * Threshold Value 2.60E+00 | 5.15E+01 | 1.29E+02
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 1.70E+02] 6.54E+01| 3.30E4+00{ 1.32E+00
Noninvolved worker population (290 m [950 ft]) 6.16E-01 2.37E-01 1.20E-02 4.78E-03
Noninvolved worker population (1,780 m 8.28E-03 3.18E-03 1.61E-04 6.42E-05
(5,840 ft])
MEI general public 6.76E-03 2.60E-03 1.31E-04 5.24E-05
Lanthanum * Threshold Value 6.90E+00] 1.37E+02] 3.43E+02
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 1.23E402] 1.78E+01 8.98E-01 3.59E-01
Noninvolved worker population (290 m [950 ft]) 4.46E-01 6.46E-02 3.26E-03 1.30E-03
Noninvolved worker population (1,780 m 6.00E-03 8.70E-04 4.38E-05 1.75E-05
[5,840 ft))
MEI general public 4.90E-03 7.10E-04 3.58E-05 1.43E-05
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Table E.6.3.11 Comparison of Bounding Chemical Concentrations to
Corrosive/Irritant Concentration Limits for Loss of Filtration - SST Solids (cont’d)

Analyte Exposure ERPG-1 ERPG-2 ERPG-3
(Threshold values are presented in mg/m"®) (mg/m®) (mg/m®) (mg/m’) (mg/m®)
Sodium ¢ Threshold Value 1.20E+00} 2.30E+01 5.80E+01
Ratio of Exposure to ERPG
MEI worker N/A N/A N/A N/A
MEI noninvolved worker 1.18E+03] 9.83E+02| 5.13E+01 2.03E+01
Noninvolved worker population (290 m [950 ft])| 4.28E+00] 3.57E+00 1.86E-01 7.38E-02
Noninvolved worker population (1,780 m 5.76E-02 4.80E-02 2.50E-03 9.93E-04
[5,840 ft])
MEI general public 4.70E-02 3.92E-02 2.04E-03 8.10E-04
Total MEI worker ratios N/A N/A N/A
Total MEI noninvolved worker ratios 1.21E+03| 6.20E+01 2.47E+01
Total noninvolved worker population ratios (290 m [950 ft]) 4.38E+00 2.25E-01 8.95E-02
Total noninvolved worker population ratios (1,780 m [5,840 ft]) 5.90E-02 3.03E-03 1.20E-03
Total MEI general public ratios 4.81E-02 2.47E-03 9.82E-04

Notes:

' Guidelines were based on ammonium hydroxide normalized to sodium hydroxide.
? Guidelines were based on barium hydroxide normalized to sodium hydroxide.

3 ERPGs were normalized to sodium hydroxide.

* Guidelines were based on chromium hydroxide normalized to sodium hydroxide.
3 Guidelines were based on lanthanum fluoride and were developed by HEHF.

% Guidelines were based on sodium hydroxide normalized to sodium.

Toxic Impact from Chemical Exposure

Under nominal conditions (Table E.6.3.8) the cumulative acute hazard ratio for the MEI worker was
less than 1.0 for all ERPGs, indicating that no adverse acute health effects would be expected. For the
MEI noninvolved worker, the cumulative acute hazard ratio was 1.84 for ERPG-1, indicating that only
mild, transient acute health effects would be expected. No acute health effects were predicted for the

MEI general public under nominal conditions.

Under bounding conditions (Table E.6.3.9), the cumulative acute hazard ratio for the MEI noninvolved
worker was 7.27E+01 for ERPG-3, indicating the potential for irreversible health effects that could be
life-threatening. This acute hazard ratio is primarily attributable to:

. Uranium (approximately 48 percent of the total hazard ratio);

. Oxalate (approximately 24 percent of the total hazard ratio);

¢ Mercury (approximately 13 percent of the total hazard ratio); and
. TOC (approximately 7 percent of the total hazard ratio).

As discussed previously, this is a hypothetical receptor located 100m (330 ft) from the source. The
cumulative acute hazard ratio for the nearest noninvolved worker population (335 workers) located
290 m (950 ft) from the source was 5.40E +-00 for ERPG-2, indicating that reversible acute health
effects would be expected. No acute health impacts were predicted for the MEI general public.
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Corrosive/Irritant Impact from Loss of Filtration

Under nominal conditions (Table E.6.3.10), the cumulative acute hazard ratio for the MEI worker was
2.11E+00 for ERPG-2, indicating that reversible corrosive/irritant effects would be expected. For the
MEI noninvolved worker, the cumulative acute hazard ratio for ERPG-3 was 1.72E+01 and would
indicate irreversible corrosive/irritant effects that could be life threatening for this hypothetical
receptor. This hazard ratio was primarily attributable to sodium which was assumed to be equivalent to
sodium hydroxide in corrosive/irritant effects. For the nearest noninvolved worker population (290 m
[950 ft]) composed of 335 workers, the cumulative acute hazard ratio for ERPG-1 was 3.02, indicating
that only mild, transient irritant effects would be expected. No acute health impacts were predicted for
the MEI general public under nominal conditions.

Under bounding conditions (Table E.6.3.11), the cumulative acute hazard ratio for the MEI
noninvolved worker was 2.47E+01 for ERPG-3, indicating irreversible health effects that could be life
threatening for this hypothetical receptor. This hazard ratio was primarily attributable to :

. Sodium as sodium hydroxide (approximately 82 percent of the total hazard
ratio); and
. Calcium (approximately 9 percent of the total hazard ratio).

For the nearest noninvolved worker population (290 m {950 ft]) composed of 335 workers, the
cumulative acute hazard ratio was 4.38 for ERPG-1, indicating that only mild, transient irritant effects
would be expected. No acute health impacts were predicted for the MEI general public under nominal
conditions.

Under both nominal and bounding conditions, the probability of a loss of filtration event is 2.20E-04
for the MEI worker, MEI noninvolved worker and MEI general public.

E.6.3.4 Pretreatment

Types of potential accidents associated with pretreatment are spills, sprays, and explosions. From the
Accident Screening Table (Table E.6.3.1), the design basis accident identified as having the highest
risk was a pressurized spray release, Accident 4.5.1.1.2, "line break occurs within vault due to
earthquake."”

It was postulated that a line break could occur within a ventilated vault because of a design basis
earthquake. The vault would be located between the separations facility and the HLW vitrification
facility. The pump pressure to the line would be 1,430 kPa (207 psi).

E6.3.4.1 Scenario and Source-term Development for Seismic Induced Line Break in Va

It was determined a maximum respirable spray release from the ruptured line with a pump pressure of
1,430 kPa (207 psi) would be approximately 7.6 L/min (2.0 gal/min) (Shire et al. 1995 and Jacobs
1996). The total released quantity would be drawn through a double-stage HEPA filter before being

released to the environment.

TWRS EIS E-179 Volume Four



Appendix E Risk from Accidents

Assumptions were as follows:
. The spray was limited to 16 hours (960 minutes); and
. HEPA filters provided an assumed LPF of 1.0E-05.

The source-term was calculated as follows:
(7.6 L/minutes) - (960 minutes) - (1.0E-05) = 7.3E-02 L (1.9E-02 gal).

E.6.3.4.2 Probability of Seismic Induced Line Break in Vaul

The annual exceedance frequéncy of the event was assumed to be 6.5E-04 (Shire et al. 1995 and Jacobs
1996). This is the frequency of a 0.23 g design basis earthquake at the Hanford Site. It is assumed the
leak would occur given the probability of the design basis earthquake. Based on 25 years of operation
the probability was calculated to be 1.6E-02.

The radiological dose to the receptors from the previous source-term was calculated by the GENII
computer code using the methodology discussed in Section E.1.1.4. The results (Shire et al. 1995 and
Jacobs 1996) are summarized in Table E.6.3.12.

Table E.6.3.12 Dose Consequence for Seismic Reduced Line Break in Vault

Receptor Dose CEDE (person-rem)
Nominal Scenario Bounding Scenario

MEI worker 1.84E+00 6.97E+00
Workers (10)' 1.84E+01 6.97E+01
MEI noninvolved worker 2.74E-02 1.04E-01
Noninvolved worker (1,835)' 1.03E+00 3.92E+00
MEI general public 1.20E-04 4.57E-04
General public (114,734)" 2.53E-01 9.60E-01

Notes:

! Number of people in exposed population.
CEDE = Committed effective dose equivalent.
MEI = Maximally-exposed individual.

E.6.3.4.4 Radiological Cancer Risk of Seismic Induced Line Break in Vault

Based on a dose-to-risk conversion factor of 4.0E-04 LCF per person-rem for the workers and

noninvolved workers and 5.0E-04 per person-rem for the general public, the LCFs and the LCF risk
(point estimate) were calculated for the receptors and presented in Table E.6.3.13. The calculations
show there would be no LCFs attributable to this exposure if the accident occurs for the bounding or

nominal scenarios.

E6.3.4.5 Chemical C f Seismic Induced Line Break in Vaul

The chemical exposure to the receptors from the postulated accident was calculated in Appendix A of
the accident data package (Shire et al. 1995 and Jacobs 1996) and summarized in the exposure column
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in Tables E.6.3.14 and E.6.3.15 for the nominal and bounding toxic effects, respectively, and Tables
E.6.3.16 and E.6.3.17 for the nominal and bounding corrosive/irritant effects, respectively. The tables
compare the concentration of postulated chemical releases to acute exposure criteria (ERPGs) discussed
in Section 1.1.7.

Toxic Impact from Chemical Exposure

Under nominal conditions (Table E.6.3.14), the cumulative acute hazard ratios for the MEI worker,
MEI noninvolved worker, and MEI general public were less than 1.0, indicating that no adverse acute
health effects would be expected for these three receptors. Under bounding conditions

(Table E.6.3.15), the cumulative acute hazard ratios for the MEI worker, MEI noninvolved worker,
and MEI general public were less than 1.0, indicating that no adverse acute health effects would be
expected for these three receptors.

Table E.6.3.13 Latent Cancer Fatality Risk from Seismic Induced Line Break in Vault

Receptor Dose LCF/rem LCF' Probability LCF Risk
(person-rem) (point estimate)

Nominal Scenario

MEI worker 1.84E+00 4.00E-04 7.36E-04 1.63E-02 1.20E-05

Workers (10) 1.84E+01 4.00E-04 7.36E-03 1.63E-02 1.20E-04

MEI noninvolved worker 2.74E-02 4.00E-04 1.10E-05 1.63E-02 1.79E-07

Noninvolved workers (1,835) 2 1.03E+00 4.00E-04 4.12E-04 1.63E-02 6.72E-06

MEI general public 1.20E-04 5.00E-04 6.00E-08 1.63E-02 9.78E-10

General public (114,734) 2 2.53E-01 5.00E-04 1.27E-04 1.63E-02 2.06E-06
Bounding Scenario

MEI worker 6.97E+00 4.00E-04 2.79E-03 1.63E-02 4.54E-05

Workers (10) 2 6.97E+01 4.00E-04 2.79E-02 1.63E-02 4.54E-04

MEI noninvolved worker 1.04E-01 4.00E-04 4.16E-05 1.63E-02 6.78E-07

Noninvolved workers (1,835) 2 3.92E+00 4.00E-04 1.57E-03 1.63E-02 2.56E-05

MEI general public 4.57TE-04 5.00E-04 2.29E-07 1.63E-02 3.72E-09

General public (114,734) ? 9.60E-01 5.00E-04 4.80E-04 1.63E-02 7.82E-06

Notes:

! Total number of fatal cancer in the population if the accident occurs.
2 Number of people in exposed population.

LCF = Latent cancer fatalities

MEI = Maximally-exposed individual
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Table E.6.3.14 Comparison of Nominal Chemical Concentrations to Toxic Concentration Limits for Pretreatment
Spray Release - SST Solids

Analyte Exposure ERPG-1 ERPG-2 ERPG-3
(Threshold Values are Presented in mg/m®) (mg/m®) (mg/m’) (mg/m®) (mg/m®)
Cadmium ' Threshold Value 2.00E+01 1.00E+00 1.00E+01
Ratio of Exposure to ERPG
MEI worker 1.54E-05 7.70E-05 1.54E-05 1.54E-06
MEI noninvolved worker 3.53E07 1.77E-06 3.53E07 3.53E-08
MEI general public 1.41E-11 7.05E-11 1.41E-11 1.41E-12
Cerium * Threshold Value 7.00E+01 5.00E+02 7.00E+02
Ratio of Exposure to ERPG
MEI worker 9.41E-04 1.34E-05 1.88E-06 1.34E-06
MEI noninvolved worker 2.16E-05 3.09E-07 4.32E-08 3.09E-08
MEI general public 8.59E-10 1.23E-11 1.72E-12 1.23E-12
Mercury * Threshold Value 7.50E-02 1.00E-01 1.40E+01
Ratio of Exposure to ERPG
MEI worker 3.61E-06 4.81E-05 3.61E-05 2.58E-07
MEI noninvolved worker 8.28E-08 1.10E-06 8.28E-07 5.91E-09
MEI general public 3.30E-12 4.40E-11 3.30E-11 2.36E-13
Total Organic Carbon | Threshold Value 3.00E+00 1.50E+01 5.00E+01
(as tributyl phosphate) * Ratio of Exposure to ERPG
MEI worker 8.05E-04 2.68E-04 5.37E-05 1.61E-05
MEI noninvolved worker 1.85E-05 6.17E-06 1.23E-06 3.70E-07
MEI general public 7.35E-10 2.45E-10 4.90E-11 1.47E-11
Total MEI worker ratios 4.07E-04 1.07E-04 1.92E-05
Total MEI noninvolved worker ratios 9.34E-06 2.46E-06 4.42E-07
Total MEI general public ratios 3.72E-10 9.78E-11 1.76E-11

Notes:

! Guidelines are based on total cadmium content and were developed by HEHF.
2 ERPGs for cerium were developed by HEHF using data for cerium chloride.
3 Guidelines are based on total mercury content. ERPG-2 is the EPA Level of Concern (LOC). The ERPG-3 is the National
Institute of Occupational Safety and Health (NIOSH) immediately dangerous to life and health (IDLH) for mercury vapor.

* ERPGs were based on the toxicity of tributylphosphate,
ERPG = Emergency response planning guideline values.

ERPG-1 = These are maximum airborne concentrations below which it is believed that nearly all individuals could be
exposed for up to 1 hour without experiencing other than mild transient adverse effects or perceiving a clearly defined

objectionable odor.

ERPG-2 = These are the maximum airborne concentrations below which it is believed that nearly all individuals could be
exposed for up to 1 hour without experiencing or developing irreversible or other serious health effects or symptoms that

could impair their abilities to take protective action.

ERPG-3 = These are the maximum airborne concentrations below which it is believed that nearly all individuals could be

exposed for up to 1 hour without experiencing or developing life-threatening health effects.

MEI = Maximally-exposed individual
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Table E.6.3.15 Comparison of Bounding Chemical Concentrations to Toxic Concentration Limits for Pretreatment
Spray Release - SST Solids

Analyte Exposure ERPG-1 ERPG-2 ERPG-3
(Threshold values are presented in mg/m") img/m’) (mg/m®) (mg/m°®) mﬂmsL
Antimony ' Threshold Value 2.00E+00 | 4.00E+01 7.00E +01
Ratio of Exposure to ERPG
MEI worker 8.16E-04 4.08E-04 2.04E-05 1.17E-05
MEI noninvolved worker 1.87E-05 9.35E-06 4.68E-07 2.67E-07
MEI general public 7.45E-10 3.73E-10 1.86E-11 1.06E-11
Arsenic ? Threshold Value 1.00E-01 7.00E+00 | 1.00E+0]
Ratio of Exposure to ERPG
MEI worker 6.53E-04 6.53E-03 9.33E-05 6.53E-05
MEI noninvolved worker 1.50E-05 1.50E-04 2.14E-06 1.50E-06
MEI general public 5.96E-10 5.96E-09 8.51E-11 5.96E-11
Beryllium °* Threshold Value 6.00E-03 2.50E-02 1.00E-01
Ratio of Exposure to ERPG
MEI worker 1.41E-05 2.35E-03 5.64E-04 1.41E-04
MEI noninvolved worker 3.24E-07 5.40E-05 1.30E-05 3.24E-06
MEI general public 1.29E-11 2.15E-09 5.16E-10 1.29E-10
Cadmium * Threshold Value - 2.00E-01 1.00E+00 1.00E+01
Ratio of Exposure to ERPG
MEI worker 9.24E-04 4.62E-03 9.24E-04 9.24E-05
MEI noninvolved worker 2.12E-05 1.06E-04 2.12E-05 2.12E-06
MEI general public 8.44E-10 4.22E-09 8.44E-10 8.44E-11
Cerium * Threshold Value 7.00E+01 | 5.00E+02 | 7.00E+02
Ratio of Exposure to ERPG
MEI worker 4.89E-04 6.99E-06 9.78E-07 6.99E-07
MEI noninvolved worker 1.12E-05 1.60E-07 2.24E-08 ] 1.60E-08
MEI general public 4.47E-10 6.39E-12 8.94E-13 6.39E-13
Cobalt ¢ Threshold Value | s.00e02 | 2.00E01 | 8.00E+00
Ratio of Exposure to ERPG
MEI worker 2.94E-04 5.88E-03 1.47E-03 3.68E-05
MEI noninvolved worker 6.74E-06 1.35E-04 3.37E-05 8.43E-07
MEI general public 2.68E-10 5.36E-09 1.34E-09 3.35E-11
Cyanide ’ Threshold Value 5.00E+00 | 4.10E+01 2.00E+02
Ratio of Exposure to ERPG
MEI worker 4.46E-03 8.92E-04 1.09E-04 2.23E-05
MEI noninvolved worker 1.02E-04 2.04E-05 2.49E-06 5.10E-07
ME! general public 4.07E09 8.14E-10 9.93E-11 2.04E-11
Mercury & Threshold Value 7.50E-02 1.00E-01 1.40E+01
Ratio of Exposure to ERPG
MEI worker 2.94E-02 3.92E-01 2.94E-01 2.10E-03
MEI noninvolved worker 6.74E-04 8.99E-03 6.74E-03 4.81E-05
MEI general public 2.68E-08 3.57E-07 2.68E-07 1.91E-09
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Table E.6.3.15 Comparison of Bounding Chemical Concentrations to Toxic Concentration Limits for Pretreatment
Spray Release - SST Solids (cont'd)

TWRS EIS

Analyte Exposure ERPG-1 ERPG-2 ERPG-3
(Threshold values are presented in mg/m®) (mg/m®) (mg/m®) (mg/m?) (mg/m?)
Neodymium ° Threshold Value 7.20E+01 5.04E+02 7.20E+02
Ratio of Exposure to ERPG
MEI worker 1.31E-04 1.82E-06 2.60E-07 1.82E-07
MEI noninvolved worker 2.99E-06 4.15E-08 5.93E-09 4.15E-09
MEI general public 1.19E-10 1.65E-12 2.36E-13 1.65E-13
Oxalate '° Threshold Value 4.00E+00 2.00E+01 4.00E+01
Ratio of Exposure to ERPG
MEI worker 1.52E-01 3.80E-02 7.60E-03 3.80E-03
ME! noninvolved worker 3.49E-03 8.73E-04 1.75E-04 8.73E-05
MEI general public 1.39E-07 3.48E-08 6.95E-09 3.48E-09
Selenium !! 1Threshold Value 2.00E-01 4.00E-01 2.00E+00
Ratio of Exposure to ERPG
MEI worker 1.90E-03 9.50E-03 4.75E-03 9.50E-04
MEI noninvolved worker 4.37E-05 2.19E-04 1.09E-04 2.19E-05
MEI general public 1.74E-09 8.70E-09 4.35E-09 8.70E-10
Tellurium " Threshold Value 1.30E-01 3.00E-01 1.40E +00
Ratio of Exposure to ERPG
MEI worker 1.09E-04 8.38E-04 3.63E-04 7.79E-05
MEI noninvolved worker 2.50E-06 . 1.92E-05 8.33E-06 1.79E-06
MEI general public 9.93E-11 7.64E-10 3.31E-10 7.09E-11
Thallium " Threshold Value 3.00E-01 2.00E+00 2.00E+01
Ratio of Exposure to ERPG
MEI worker 6.53E-04 2.18E-03 3.27E-04 3.27E-05
MEI noninvolved worker 1.50E-05 5.00E-05 7.50E-06 7.50E-07
MEI general public 5.96E-10 1.99E-09 2.98E-10 2.98E-11
Uranium " Threshold Value 1.00E+00 1.00E+01 2.00E+01
Ratio of Exposure to ERPG
MEI worker 1.52E-01 1.52E-01 1.52E-02 7.60E-03
MEI noninvolved worker 3.49E-03 3.49E-03 3.49E-04 1.75E-04
MEI general public 1.39E-07 1.39E-07 1.39E-08 6.95E-09
Vanadium " Threshold Value 1.20E+00 | 1.10E+0! | 4.00E+0l
Ratio of Exposure to ERPG
MEI worker 1.79E-05 1.49E-05 1.63E-06 4.48E-07
MEI noninvolved worker 4.12E-07 3.43E-07 3.75E-08 1.03E-08
MEI general public 1.64E-11 1.37E-11 1.49E-12 4.10E-13
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Table E.6.3.15 Comparison of Bounding Chemical Concentrations to Toxic Concentration Limits for Pretreatment
Spray Release - SST Solids (cont'd)

Analyte Exposure ERPG-1 ERPG-2 ERPG-3

(Threshold values are presented in mg/m”®) (mg/m’) (mg/m’) (mg/m®) (mg/m’)

Total Organic Carbon Threshold Value 3.00E+00 1.50E+01 5.00E+01
(as tributyl phosphate) ' Ratio of Exposure to ERPG

MEI worker 5.44E-02 1.81E-02 3.63E-03 1.09E-03

MEI noninvolved worker 1.25E-03 4.17E-04 8.33E-05 2.50E-05

MEI general public 4.97E-08 1.66E-08 3.31E-09 9.94E-10

Total MEI worker ratios 6.33E-01 3.29E-01 1.60E-02

Total MEI noninvolved worker ratios 1.45E-02 7.54E-03 3.68E-04

Total MEI general public ratios 5.78E-07 3.00E-07 1.46E-08

Notes:

' Guidelines are based on total antimony content.

? Guidelines are based on total arsenic content.

* Guidelines are based on total beryllium content and were developed by PNL.

* Guidelines are based on total cadmium content and were developed by HEHF.

 ERPGs for cerium were developed by HEHF using data for cerium chloride.

¢ Guidelines are based on total cobalt content and were developed by HEHF.,

7 Guidelines are based on total cyanide content and were developed by HEHF.

¥ Guidelines are based on total mercury content. ERPG-2 is the EPA Level of Concern (LOC). The ERPG-3 is the NIOSH
IDLH for mercury vapor.

? Guidelines are based on total neodymium content and were based on neodymium chloride.

1 Guidelines are based on oxalic acid and adjusted by: ERPG(oxalic acid) x mwcompound/mw oxalic acid.
'" Guidelines are based on the toxicity of sodium selenate.

12 Guidelines are based on sodium selenate and were developed by HEHF.

1> ERPGs were developed by HEHF.

' ERPGs were based on soluble uranium compounds.

15 ERPGs were based on vanadium pentoxide and were developed by HEHF.

' ERPGs were based on the toxicity of tributylphosphate.

E-185
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Table E.6.3.16 Comparison of Nominal Chemical Concentrations to Corrosive/Irritant Concentration Limits for
Pretreatment Spray Release - SST Solids

Analyte Exposure ERPG-1 ERPG-2 ERPG-3

(Threshold values are presented in mg/m’) (mg/m®) (mg/m®) (mg/m°) (mg/m°>)

Calcium ! Threshold Value 1.00E+00 | 2.20E+0l 5.40E+01
Ratio of Exposure to ERPG

MEI worker 5.14E-04 5.14E-04 2.34E-05 9.52E-06

MEI noninvolved worker 1.18E-05 1.18E-05 5.36E-07 2.19E-07

MEI general public 4.69E-10 4.69E-10 2.13E-11 8.69E-12

Chromium 2 Threshold Value 2.60E+00 | 5.15E+01 1.29E+02
Ratio of Exposure to ERPG

MEI worker 3.46E-04 1.33E-04 6.72E-06 2.68E-06

MEI noninvolved worker 7.95E-06 3.06E-06 1.54E-07 6.16E-08

MEI general public 3.16E-10 1.22E-10 6.14E-12 2.45E-12

Sodium ? {Threshold Value 1.20E+00 | 2.30E+01 5.80E+01
Ratio of Exposure to ERPG

MEI worker 2.20E-01 1.83E-01 9.57E-03 3.79E-03

MEI noninvolved worker 5.05E-03 4.21E-03 2.20E-04 8.71E-05

MEI general public 2.01E-07 1.68E-07 8.74E-09 3.47E-09

Total MEI worker ratios 1.84E-01 9.60E-03 3.81E-03

Total MEI noninvolved worker ratios 4.22E-03 2.20E-04 8.73E-05

Total MEI general public ratios 1.68E-07 8.77E-09 3.48E-09

Notes:

' ERPGs were normalized to sodium hydroxide.
? Guidelines were based on chromium hydroxide normalized to sodium hydroxide.
3 ERPGs were based on sodium hydroxide normalized to hydroxide.

ERPG = Emergency response planning guideline values.
These are maximum airborne concentrations below which it is believed that nearly all individuals could be

ERPG-1 =

exposed for up to one hour without experiencing other than mild transient adverse effects or perceiving a clearly defined

objectionable odor.
These are the maximum airborne concentrations below which it is believed that nearly all individuals could

ERPG-2 =

be exposed for up to one hour without experiencing or developing irreversible or other serious health effects or symptoms

that could impair their abilities to take protective action.

ERPG-3 = These are the maximum airborne concentrations below which it is believed that nearly all individuals could
be exposed for up to one hour without experiencing or developing life-threatening health effects.
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Table E.6.3.17 Comparison of Bounding Chemical Concentrations to
Corrosive/Irritant Concentration Limits for Pretreatment Spray Release - SST Solids

Notes:

Analyte Exposure ERPG-1 ERPG-2 ERPG-3
(Threshold values are presented in mg/m’) (mg/m’) (mg/m®) (mg/m’) (mg/m?)
Ammonia ' Threshold Value 4.60E-01 9.20E+00 | 2.30E+01
Ratio of Exposure to ERPG
MEI worker 1.79E-04 3.89E-04 1.95E-05 7.78E-06
MEI noninvolved worker 4.12E-06 8.96E-06 4.48E-07 1.79E-07
MEI general public 1.64E-10 3.57E-10 1.78E-11 7.13E-12
Barium ? Threshold Value 6.80E+00 | 1.38E402 3.44E+02
, Ratio of Exposure to ERPG
MEI worker 2.18E-02 3.21E-03 1.58E-04 6.34E-05
MEI noninvolved worker 4.99E-04 7.34E-05 3.62E-06 1.45E-06
MEI general public 1.99E-08 2.93E-09 1.44E-10 5.78E-11
Calcium * Threshold Value 1.00E+00 | 2.20E+01 5.40E+01
Ratio of Exposure to ERPG
MEI worker 2.77E-02 2.77E-02 1.26E-03 5.13E-04
MEI noninvolved worker 6.36E-04 6.36E-04 2.89E-05 1.18E-05
MEI general public 2.53E-08 2.53E-08 1.15E-09 4.69E-10
Chromium * Threshold Value .2.60E4+00 | 5.15E+01 1.29E+02
Ratio of Exposure to ERPG
ME! worker 3.75E-02 1.44E-02 7.28E-04 2.91E-04
MEI noninvolved worker 8.61E-04 3.31E-04 1.67E-05 6.67E-06
MEI general public 3.43E-08 1.32E-08 6.66E-10 2.66E-10
Lanthanum * Threshold Value 6.90E+00 | 1.37E+02 3.43E+02
Ratio of Exposure to ERPG
MEI worker 2.72E-02 3.94E-03 1.99E-04 7.93E-05
MEI noninvolved worker 6.24E-04 9.04E-05 4.55E-06 1.82E-06
MEI general public 2.48E-08 3.59E-09 1.81E-10 7.23E-11
Sodium © Threshold Value 1.20E4+00 | 2.30E+01 5.80E+01
Ratio of Exposure to ERPG
MEI worker 2.61E-01 2.18E-01 1.13E-02 4.50E-03
MEI noninvolved worker 5.99E-03 4.99E-03 2.60E-04 1.03E-04
MEI general public 2.38E-07 1.98E-07 1.03E-08 4.10E-09
Total MEI worker ratios 2.67E-01 1.37E-02 5.45E-03
Total MEI noninvolved worker ratios 6.13E-03 3.15E-04 1.25E-04
Total MEI general public ratios 2.44E-07 1.25E-08 4.98E-09

' Guidelines were based on ammonium hydroxide normalized to sodium hydroxide.

? Guidelines were based on barium hydroxide normalized to sodium hydroxide.

3 ERPGs were normalized to sodium hydroxide.
* Guidelines were based on chromium hydroxide normalized to sodium hydroxide.
% Guidelines were based on lanthanum fluoride normalized to sodium hydroxide.

 Guidelines were based on sodium hydroxide normalized to sodium.
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Corrosive/Irritant Impact from Chemical Exposure

Under nominal conditions (Table E.6.3.16), the cumulative acute hazard ratios for the MEI worker,
MEI noninvolved worker, and MEI general public were less than 1.0, indicating that no adverse acute
health effects would be expected for these three receptors. Under bounding conditions (Table
E.6.3.17), the cumulative acute hazard ratios for the MEI worker, MEI noninvolved worker, and MEI
general public were less than 1.0, indicating that no adverse acute health effects would be expected for

these three receptors.

Under both nominal and bounding conditions, the probability of a pretreatment spray release is
1.63E-02.

E.6.3.5 Treatment Accidents

The treatment section of the Accident Screening Table (Table E.6.3.1) shows the radiological
consequences to be insignificant for all credible accidents. The dominant accident was identified as
Accident 4.5.4.4 "A Canister Dropped Due to Mechanical Failure or Human Error."

E6.3.5.1 Source-term for Breached Canister
The source-term for a 24-hour release through a two-stage HEPA filter was calculated in Shire (Shire
et al. 1995 and Jacobs 1996) to be 2.5E-06 grams (8.8E-08 ounces).

E.6.3.5.2 Radiological f ilizatj ident
Accident 4.5.4.4, "a canister dropped due to mechanical failure or human error," has the highest dose
consequences. As calculated in the accident data package (Shire et al. 1995 and Jacobs 1996) the

radiological dose to the receptors are shown in Table E.6.3.18.

E.6.3.5.3 Probability of Breached Cani

The annual frequency of the accident was considered in the accident data package (Shire et al. 1995
and Jacobs 1996) to be 6.0E-01. This was based on the frequency of a canister being dropped during
transfer of 3.0E-04 per transfer and 2,000 transfers per year. Based on 25 years of operation the
probability was calculated to be 1.0E+00.

E.6.3.5.4 Radiological C Risk of Breached Cani
The LCFs and the LCF risk (point estimate) were calculated for the receptors and presented in Table
E.6.3.19.

The calculations show there would be no LCFs attributable to this exposure for the bounding or
nominal scenarios.
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Table E.6.3.18 Dose Consequence for Breached Canister
Receptor Dose CEDE (person-rem)
Nominal Scenario Bounding Scenario

MEI worker 4.53E-08 2.72E-05

Workers (10)" 4.53E-07 2.72E-04

MEI noninvolved worker 6.77E-10 4.06E-07

Noninvolved worker (1,835)" 2.55E-08 1.53E-05

MEI general public 1.00E-12 6.01E-10

General public (114,734)' 2.23E-09 1.34E-06

Notes:

! Number of people in exposed population.
CEDE = Committed effective dose equivalent

MEI = Maximally-exposed individual

Table E.6.3.19 Latent Cancer Fatality Risk from Breached Canister

Receptor Dose LCF/rem LCF! Probability LCF Risk
(person-rem) (point estimate)
Nominal Scenario
MEI worker 4.53E-08 4.00E-04 1.81E-11 1.00E+00 1.81E-11
Workers (10) 2 4.53E-07 4.00E-04 1.81E-10 1.00E+00 1.81E-10
MEI noninvolved worker 6.77E-10 4.00E-04 2.71E-13 1.00E+00 2.71E-13
Noninvolved workers (1,835) * 2.55E-08 4.00E-04 1.02E-11 1.00E+00 1.02E-11
MEI general public 1.00E-12 5.00E-04 5.00E-16 1.00E+00 5.00E-16
General public (114,734) 2 2.23E-09 5.00E-04 1.12E-12 1.00E+00 1.12E-12
Bounding Scenario
MEI worker 2.72E-05 4.00E-04 1.09E-08 1.00E+00 1.09E-08
Workers (10) * 2.72E-04 4.00E-04 1.09E-07 1.00E+00 1.09E-07
MEI noninvolved worker 4.06E-07 4.00E-04 1.62E-07 1.00E+00 1.62E-10
Noninvolved workers (1,835) ? 1.53E-05 4.00E-04 6.12E-09 1.00E+00 6.12E-09
MEI general public 6.01E-10 5.00E-04 3.01E-13 1.00E+00 3.01E-13
General public (114,734) * 1.34E-06 5.00E-04 6.70E-10 1.00E+00 6.70E-10
Notes:

! Total number of fatal cancers if the accident occurs.

2 Number of people in exposed population.

LCF = Latent cancer fatality
MEI = Maximally-exposed individual

No chemical consequences were evaluated in (Shire et al. 1995 and Jacobs 1996) since the release
would first pass through a two-stage HEPA filters that would reduce the source-term to a very small
amount, well below the cumulative ratio of exposure to ERPG-1 values for toxic or corrosive/irritant

chemicals.
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E.6.3.6 Disposal/Storage Accidents

No design basis accidents resulting in a radiological or chemical consequences to the receptors were
identified. This is largely due to the vitrified waste form of the material and the engineered structural
packaging of the vitrified LAW in burial vaults and vitrified HLW in shipping containers.

E.6.3.7 Beyond Design Basis Accidents

The beyond design basis accident is a seismic event resulting in the collapse of a SST. In the event of a
0.43 g earthquake, a SST could potentially collapse (LANL 1995). This event is not dependent on the
remediation alternative but has the same annual frequency regardless of the alternative that is chosen.
The length of time unremediated waste would remain in tanks that have not been backfilled would vary
depending on the alternative and would affect the probability of the event. The probability of the event
is the product of the annual frequency of the earthquake and the number of years the waste remains
untreated in the unstabilized tanks.

At smaller annual frequencies, larger earthquakes could occur resulting in greater destruction and
larger numbers of LCF to the onsite and offsite populations. In addition to population exposures from
the collapsed SSTs, the impact to other Hanford Site facilities and operations would potentially add to
the chemical and radiological risk. This would be a severe earthquake that would cause catastrophic
structural damage in the Tri-Cities and the Hanford Site with expected extensive loss of life. There
would be injuries and fatalities resulting from collapsed buildings and homes, fires, and traffic
accidents. However, this section evaluates the radiological and chemical impacts resulting from the
collapse of one SST.

E.6,.3.7.1 Source-Term Development

It was conservatively assumed that the radiological and chemical contaminants in the headspace are
available for release. The collapse of a portion of the dome and overburden compresses the vapor in
the headspace as it descends, enhancing the vapor release rate by a sudden pressure difference.
Assuming for each tank a respirable concentration of contaminants in the headspace of 100 mg/m®, a
liquid SpG of 1.5, and a headspace volume of 1,000 m® (Shire et al. 1995 and Jacobs 1996), the
potential source-term contribution from the headspace release was calculated as follows:

(100 mg/m’) - (1 g/1,000 mg) - (1 L/1,000 g) - (1,000 m’) - (1/1.5) = 6.67E-02 L (1.8E-02 gal).

It was conservatively assumed that the liquids had been pumped from the tanks so that the tanks
contained only solids and the MAR was 2,500 L (660 gal) for each tank. It was postulated that the fall
of the dome and overburden generated an air movement sufficient to suspend a fraction of the MAR.
Assuming the respirable release fraction to be 2.0E-03 (Shire et al. 1995 and Jacobs 1996), the
potential source-term contribution was calculated as follows:

(2,500 L [660 gal]) - (2.0E-03) = 5.0 L (1.3 gal).
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It was postulated that prevailing winds resuspend a respirable fraction of the MAR (2,500 L [660 gal]).
A respirable release fraction of 4.0E-05/hr for 24 hours was assumed. The potential source-term
contribution from resuspension was calculated as follows:

(2,500 L [660 gal]) - (4.0E-05/hr) - (24 hr) = 2.4 L (0.6 gal).

The combined source-term for the acute release is calculated as follows:
(6.67E-02 L) + (5.00E+00L) + (2.4L) = 7.4 L (2.0 gal).

E.6.3.7.2 Probability of 2 B | Desien Basis Earthqual

This earthquake has a calculated annual exceedance frequency of approximately 1.40E-04
(WHC 1996b). The probability for this scenario based on 25 years of operation was therefore
estimated to be 3.5E-03.

The radiological dose to the receptors from the previous source-term was calculated by the GENII
computer code (Napier et al. 1988) using the methodology previously discussed in Section E.1.1.6.

The results are presented in Table E.6.3.20.

Table E.6.3.20 Dose Consequence from Seismic Event

Receptor Dose CEDE (person-rem)
Nominal Scenario Bounding Scenario
MEI worker 1.21E+02 8.04E+03
Workers (10)' 1.21E+03 8.04E+04
MEI noninvolved worker 2.90E+01 1.93E+03
Noninvolved worker (1,835)" 4.07E+02 ) 2.71E+04
MEI general public 7.03E-02 4.68E+00
General public (114,734)" 6.14E+01 4.09E+03

Notes:

' Total number of fatal cancers if the accident occurs
CEDE = Committed effective dose equivalent

MEI = Maximally-exposed individual

E6.37.4 iological Can isk fr i i ke
The LCFs and LCF point estimate risk are presented in Table E.6.3.21.

In the bounding scenario, all 10 workers would potentially receive a fatal dose and assumably die
directly after the exposure. There would also be 10 LCFs attributed to the exposure to the noninvolved
workers and two LCFs to the general public if the accident occurred. The nominal scenario
calculations show there would be no LCFs.

E.6.3.7.5 Chemical Con f B | Desien Basis Earthaual
Potential acute hazards associated with a beyond design basis earthquake are identical to those
summarized in Tables E.2.2.16 (toxic chemicals, nominal conditions), E.2.2.17 (toxic chemicals,
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bounding conditions), E.2.2.18 (corrosive/irritant chemicals, nominal conditions) and E.2.2.19
(corrosive/irritant chemicals, bounding conditions) for the No Action alternative.

Under bounding conditions, chemical impacts were not evaluated for the MEI worker because all
workers would receive a lethal radiation dose, as described previously.

Table E.6.3.21 Latent Cancer Fatality Risk from Seismic Event

Receptor Dose person- LCF/rem LCF Probability LCF Risk point-
rem estimate
Nominal Scenario
MEI worker 1.21E+02 8.00E-04 9.68E-02 3.50E-03 3.39E-04
Workers (10)' 1.21E+03 8.00E-04 9.68E-02 3.50E-03 3.39E-03
MEI noninvolved worker . 2.90E+01 8.00E-04 2.32E-02 3.50E-03 8.12E-05
Noninvolved worker (1,835)" 4.07E+02 4.00E-04 1.63E-01 3.50E-03 5.70E-04
MEI general public 7.03E-02 5.00E-04 3.52E-05 3.50E-03 1.23E-07
General public (114,734)" 6.14E+01 5.00E-04 3.07E-02 3.50E-03 1.07E-04
Bounding Scenario
MEI worker 8.04E+03 lethal 1.00E+00 3.50E-03 3.50E-03
Workers (10)' 8.04E+04 lethal 1.00E+01 3.50E-03 3.50E-02
MEI noninvolved worker 1.93E+03 lethal 1.00E+00 3.50E-03 3.50E-03
Noninvolved worker (1,835)' 2.71E+04 4.00E-04 1.08E+01 3.50E-03 3.79E-02
MEI general public 4.68E+00 5.00E-04 2.34E-03 3.50E-03 8.19E-06
General public (114,734)" 4.09E+03 5.00E-04 2.05E+00 3.50E-03 7.16E-03
Notes:

! Total number of fatal cancers if the accident occurs
? Number of people in exposed population.

CEDE = Committed effective dose equivalent

LCF = Latent cancer fatality

MEI = Maximally-exposed individual

Toxic Impact from Chemical Exposure

Under nominal conditions, the cumulative acute hazard ratio for the MEI worker was 2.64E+00 for
ERPG-1, indicating that only mild transient effects would be expected. For the MEI noninvolved
worker, the cumulative acute health hazard was 2.59E+00 for ERPG-3, indicating the potential for
irreversible health effects that could be life threatening. This acute hazard ratio was primarily
attributable to TOC (approximately 84 percent of the total hazard ratio). The TOC is assumed to be
equivalent in toxicity to tributylphosphate, which is the most acutely toxic constituent of the organic
analytes identified. Tributylphosphate was used as a surrogate because an inventory of the various
chemicals that make up the TOC class is not available. The cumulative acute hazard ratio for the
nearest noninvolved worker population consisting of 335 workers located 290 m (950 ft) away was less
than 1.0 for all ERPGs, suggesting that no acute health effects would be expected.
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Under bounding conditions (Table E.2.2.17), the cumulative hazard ratios for the MEI and nearest
noninvolved worker population (335 workers located 290 m (950 ft) away) were 2.15E+03 and
7.80E+00 for ERPG-3, respectively. These ratios were primarily attributable to:

. Uranium (approximately 47 percent of the total hazard ratio);
. Oxalate (approximately 24 percent of the total hazard ratio); and
. Mercury (approximately 13 percent of the total hazard ratio).

This exceedance of the ERPG-3 criterion for the nearest noninvolved worker population would not be
expected to result in irreversible health effects or place these workers in a life-threatening situation for
the following reasons.

. ERPG-3 is defined as a concentration in which a receptor can be exposed for 1 hour
without irreversible health effects. Because the Hanford Site has an in-place
emergency response plan designed to evacuate workers within 1 hour of an accident,
workers would be expected to evacuate their location and move to an area where
potential exposures would be well below ERPG-3. Therefore, this worker population
would not be exposed to airborne concentrations that would be either life threatening or
result in irreversible health effects.

. The estimated air concentrations of chemicals as a result of this accident were based on
very conservative meteorology, which results in movement of a plume directly toward
the worker population at a relatively slow rate with minimal wind dispersion. If less
conservative meteorological parameters were used, wind dispersion would cause the
estimated air concentrations of chemicals to be substantially less, and the ERPG-3
criterion would not be exceeded.

) Only the bounding toxic chemical evaluation exceeded ERPG-3, while the nominal
evaluation was well below 1.00E+00 for ERPG-3, suggesting that the noninvolved
worker population would not receive an exposure that would result in any permanent
health effects.

The cumulative acute hazard ratio for the next nearest noninvolved worker population, composed of
1,500 people and located 1,780 m (5,840 ft) away, was 2.15E+00 for ERPG-2, indicating that
reversible acute health effects would be expected. The cumulative acute hazard ratio for the MEI
general public was 1.76E+00 for ERPG-2, indicating that reversible acute health effects would be
expected.

Corrosive/Irritant Impact from Chemical Exposure

Under nominal conditions (Table E.2.2.18), the cumulative acute hazard ratios for the MEI worker,
MEI noninvolved worker and nearest noninvolved worker (335 workers at 290 m [950 ft]) were
2.47E+01, 5.10E+02 and 1.85E+00, respectively, for ERPG-3, indicating the potential for
irreversible health effects that could be life threatening. These ratios were almost entirely attributable
to sodium, which was assumed to be equivalent to sodium hydroxide in corrosive/irritant effects. As
discussed previously, this exceedance of the ERPG-3 criterion would not be éxpected to result in
irreversible or life threatening health effects. For the next nearest noninvolved worker population
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(1,500 workers at 1,780 m [5,840 ft]), the cumulative acute hazard ratio was 1.20E+00 for ERPG-1,
indicating that only mild irreversible irritant effects would be anticipated. For the MEI general public,
the cumulative acute hazard ratio was less than 1.0 for all ERPGs, and no acute health effects would be
expected.

Under bounding conditions, the cumulative acute hazard ratios for the MEI noninvolved worker and
nearest noninvolved worker (335 workers at 290 m [950 ft]) were 7.31E+02 and 2.65E + 00,
respectively, for ERPG-3, indicating the potential for irreversible health effects that could be life
threatening. These acute hazard ratios were primarily attributable to:

] Sodium (approximately 83 percent of the total hazard ratio); and

. Calcium (approximately 10 percent of the total hazard ratio).

As discussed previously, this exceedance of the ERPG-3 criterion would not be expected to result in
irreversible or life threatening health effects.

For the next nearest noninvolved worker and MEI general public, the cumulative acute hazard ratios
were 1.74E+00 and 1.42E+00, respectively, for ERPG-1, indicating that only mild, transient irritant
effects would be expected.

Under both nominal and bounding conditions, the probability of a seismic event is 3.50E-03.

E.6.3.8 Occupational Injuries and Fatalities
The number of operation personnel to support the Ex Situ Intermediate Separations alternative was
estimated (Jacobs 1996) and is summarized as follows:

o Retrieval operations - 3.74E+04 person-years; and

. Vitrification operations - 1.73E+04 person-years.

The total recordable injuries and illnesses, lost workday cases, and fatalities were calculated as follows:
Total Recordable Cases = (5.47E+04 person-years) - (2.2E+00 incidences/100 person-years) =
1.20E+03

Lost Workday Cases = (5.47E+04 person-years) - (1.1E+00 incidences/100 person-years) =
6.02E+02

Fatalities = (5.47E+04 person-years) - 3.2E-03 fatalities/100 person-years) = 1.75E+00

E.6.4 POST-REMEDIATION ACCIDENT

E.6.4.1 Deflagration in Storage Tank

After 99 percent of the tank waste has been removed from each tank, the probability of a tank
generating enough hydrogen to exceed the LFL is considered to be incredible.
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E.6.4.2 Seismic-Induced Rupture of Stabilized Tanks

As discussed in Section E.4.4.2, displacement on a fault that would increase exposure to the waste after
remediation is considered incredible. The tanks would most likely crack, allowing increased infiltration
to the groundwater.

E.6.5 SUMMARY OF ACCIDENTS

The potential consequences from nonradiological and nonchemical accidents that include occupational
and transportation impacts are summarized in Table E.6.5.1. The LCFs associated with representative
accidents for each component of the alternative are summarized in Table E.6.5.2 along with the
probability of the accident. The chemical hazards associated with representative accidents for each
component of the alternative are summarized in Table E.6.5.3. The chemical hazard is expressed as an
exceedance of the ERPG threshold values.

E.7.0 EX SITU NO SEPARATIONS ALTERNATIVE

The Ex Situ No Separations alternative would not separate waste into LAW and HLW streams.

The SST and DST waste would be blended and vitrified (as HLW) into glass cullet. The cullet would
be packed into canisters, placed into concrete overpack shielding casks, and held on interim site storage
pads to await shipment to a permanent potential geologic repository for final disposal. This section
analyzes and compares the construction, operation, and transportation risks associated with this
alternative.

E.7.1 CONSTRUCTION ACCIDENTS

The construction activities associated with the Ex Situ No Separations alternative are discussed in
Appendix B of the EIS. It should be noted there are no radiological or chemical consequences
associated with construction accidents. Occupational injuries, illnesses, and fatalities resulting from
potential construction accidents are calculated in the following text.

The number of construction personnel to support the Ex Situ No Separations alternative was estimated
(Jacobs 1996) and summarized as follows:

. Waste transfer system upgrade - 1.63E+02 person-years;
. Retrieval construction - 1.06E+04 person-years;

. Vitrification construction - 1.48E+04 person-years; and
. Grout fill MUSTSs and closure - 4.62E+02 person-years.

Table E.6.5.1 Summary of Potential Nonradiological/Nonchemical Accident Consequences

Total Recordable Cases Lost Workday Cases Fatalities
Occupational Transportation Occupational Occupational Transportation
Construc-tion| Opera-tion | Truck/ Commuter [Construc-tion| Opera-tion [Construc-tion| Opera-tion [ Truck/ |Com-muter
Rail Rail
3.0E+03 1.2E4+03 J1.0E+01 1.7E+03 j7.6E+02 .OE+02 .9E-01 1.8E+00  |5.3E-01 .1E+01
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Table E.6.5.2 Summary of Potential Radiological Accident Consequences
Component Hazard Probability Latent Cancer Fatalities
Worker Noninvolved Worker General Public
MEI Population MEI Population MEI Population
nominal nominal nominal nominal nominal nominal
bounding | bounding | bounding { bounding | bounding | bounding
Continued spray leak }2.8E-01 4.7E-02 4.7E-01 7.7E-03 2.9E-01 4.2E-05 8.9E-02
Operation ! 10E+00 |1.OE+01  |1.0E+00 [6.6E+00 |9.6E-04  |2.0E+00
Continued tank 1.8E-01 3.1E-02 3.1E-01 3.8E-03 5.3E-02 1.1E-05 1.0E-02
Operation” | deflagration 1.0E+00 |[I.OE+01  |1.OE+00 [9.9E+00  [2.1E-03  |1.9E+00
Retrieval loss of 2.2E-04 3.9E-02 3.9E-01 1.3E-04 5.5E-03 6.9E-07 1.0E-03
filtration OE+00 |1.OE+01 [17E-02 [3.7E01  |4.6E-05  |6.9E-02
Pretreatment  |line break  [1.6E-02 7.4E-04 7.4E-03 1.1E-05 4.1E-04 6.0E-08 1.3E-04
2.8E-03 2.8E-02 4.2E-05 1.6E-03 2.3E-07 4.8E-04
Treatment breached |1.0E+00 1.8E-11 1.8E-10 2.7E-13 1.0E-11 5.0E-16 1.1E-12
canister LIE08  |1.1E07 1.6E-10  |6.1E-09 3.0E-13  [6.7E-10
BDBA Earth-quake |3.5E-03 9.7E-02 9.7E-01 2.3E-02 1.6E-01 3.5E-05 3.1E-02
1.0E+00 [1.0E+01 1.0E+00 |1.1E+01 2.4E-03 2.1E+00
Notes:

' Number of people in exposed population
? Unstabilized tank waste storage

BDBA = Beyond design basis accident
N/A = Not applicable

Table E.6.5.3 Chemical Exposures Resulting from Potential Operations and Transportation Accidents

Component Hazard Receptor Chemical Exposure
Acute Hazard | Acute Hazard | Acute Hazard
(ERPG-1) (ERPG-2) (ERPG-3)
nominal nominal nominal
bounding bounding bounding
Continued Mispositioned Worker population 1.3E+02., 6.8E+00, 2.7E+00¢,
Operations - jumper resulting in LD LD LD
waste transfer spray release.
Probability of MEI noninvolved worker |3.0E+00, <1.0 <1.0
accident is
2 8E-01 1.0E+01,, 5.4E+00;,, <1.0
4.4E+00cn
MEI general public <1.0 <1.0 <1.0
<1.0 <1.0 <1.0
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Table E.6.5.3 Chemical Exposures Resulting from Potential Operations and Transportation Accidents (cont'd)

Component Hazard Receptor Chemical Exposure
Acute Hazard Acute Hazard Acute Hazard
(ERPG-1) (ERPG-2) (ERPG-3)
nominal nominal nominal
bounding bounding bounding
Continued Hydrogen Worker population 8.2E+00,,, 1.6E+00;,, 3.8E+00.,
Operations - deflagration in 1.9E+02,, 9.6E+00.,
waste tank storage |[storage tank.
Probability of LD LD LD
accident is MEI noninvolved worker | 1.7E+02,, 3.2E+01 4, 9.4E + 00y,
1.8E-01 3.8E+03, 2.0E+02, 7.9E+01,
1.2E+04,,, 2.3E+403,,, 4 5E+02,,,
9.3E+03, 4.8E+402;, 1.9E+02,
Noninvolved worker 1.4E+01., <1.0 <1.0
population at 290 m (950
ft) 4.5E+01,,, 8 4E+00,,, L7E+0q,,
3.4E+0l1., 1.7E+00,,
Noninvolved worker <1.0 <1.0 <1.0
population at 1,780 (5,840
ft) <1.0 <1.0 <1.0
MEI general public <1.0 <1.0 <1.0
<1.0 <1.0 <1.0
Retrieval Loss of ventilation | Worker population 4.0E+01, 2.1E+00,, <1.0
due to HEPA filter LD LD LD
blow out.
Probability of MEI noninvolved worker |1.8E+00,, 4.4E+0l, 1.7TE+0l¢,
accident is 8.3E+02.,
2.2E-04 2.9E+03,, 1.5E+03,, |7.3E+0l,,
1'2E+03C/l 6.2E+01c/1 2'5E+01C/l
Noninvolved worker 3.0E+00., <1.0 <1.0
population at 290 m (950
ft) 1.0E+01,,, 5.4E+00;,, <1.0
4.4E+00;,
Noninvolved worker <1.0 <1.0 <1.0
population at 1,780 (5,840
ft) ) <1.0 <1.0 <1.0
MEI general public <1.0 <1.0 <1.0
<1.0 <1.0 <1.0
Pretreatment Line break in Worker population <1.0 <1.0 <1.0
ventilated vault.
Probability of <1.0 <1.0 <1.0
accident is MEI noninvolved worker { <1.0 <l1.0 <1.0
1.6E-02 <10 <1.0 <1.0
MEI general public <1.0 <1.0 <1.0
<1.0 <1.0 <1.0
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Table E.6.5.3 Chemical Exposures Resulting from Potential Operations and Transportation Accidents (cont'd)

Component Hazard Receptor Chemical Exposure
Acute Hazard Acute Hazard Acute Hazard
(ERPG-1) (ERPG-2) (ERPG-3)
nominal nominal nominal
bounding bounding bounding
Treatment - Ex situ | Canister of Worker population <1.0 <1.0 <1.0
vitrification yltrxﬁed HLW <1.0 <1.0 <1.0
inadvertently
dropped. MEI noninvolved worker | <1.0 <1.0 <1.0
Probability of <1.0 <1.0 <1.0
accident is
1.0E+00 MEI general public <1.0 ' <1.0 <1.0
<1.0 <1.0 <1.0
Beyond Design Seismic event Worker population 2.6E+00,, 6.2E+01., 2.5E+01,
Basis Accident resulting in dome 1.2E+03¢,
collapse of a
storage tank. LD LD LD
Probability of MEI noninvolved worker |5.5E+01;,, 1.4E+01y, 2.6E+00,,,
accident is 2.5E+04., 1.3E+03, 5.1E+02.,
3.5E-03 8.5E+04r,, 44E+04,,  |22E+03,,
3.6E+04,, 1.8E+03, 7.3E+02.,
Noninvolved worker 9.0E+0l1, 4. TE+00,, 1.9E+00¢,
population at 290 m (950 »
ft) 3.1E+02,, 1.6E+02,,, 7.8E+001,,
1.3E+02, 6.7E+00., 2.7E+00¢,
Noninvolved worker 1.2E+00, <1.0 <1.0
population at 1,780 (5,840
ft) 4.1E+00;,, 2.2E+00y,, <1.0
1.7TE+00.,
MEI general public <1.0 <1.0 <1.0
3.4E+00,,, 1.8E+00,, <1.0
1.4E+00.,

Notes:

C/I = Corrosive/irritant effects
Tox = toxic effects

LD = lethal dose of radiation

The total recordable injuries and illnesses, lost workday cases, and fatalities were calculated as follows:
Total Recordable Cases = (2.60E+04 person-years) * (9.75E+00 incidences/100 person-years) =
2.54E+03.

Lost Workday Cases = (2.60E+04 person-years) - (2.45E+00 incidences/100 person-years) =
6.38E+02.

Fatalities = (2.60E+04 person-years) * (3.20E-03 fatalities/100 person-years) = 8.33E-01.

E.7.2 TRANSPORTATION ACCIDENTS

Transportation activities associated with this alternative are:
. Transporting residual SST waste and MUST waste to vitrification facility;
. Transporting earthen material from onsite borrow site to fill tank voids;
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. Transporting earthen material from onsite borrow site for Hanford Barrier;
. Transporting construction material to the Hanford Site; and
. Employees commuting to work each day.

E.7.2.1 Radiological Consequences
The methodology for determining radiological consequences from accidents while transporting residual
SST waste and MUST waste to a vitrification facility was previously discussed in Section E.6.2.1.

The receptor dose and LCF risk resulting from the accident analysis for retrieval of MUST waste and
SST residuals is presented in Table E.7.2.1 for the integrated population and Table E.7.2.2 for the
MEI worker and MEI general public. There would be no LCFs resulting from an accident while
transporting retrieved waste onsite.

Table E.7.2.1 Integrated Radiological Impact from Retrieval Transport Accidents

Transport Activity Population Dose (person-rem) LCF/rem LCF Risk
MUSTs 3.43E-03 4.0E-04 1.37E-06
SSTs 1.58E-02 ° 4.0E-04 6.32E-06
Notes:

LCF = Latent cancer fatalities
MUSTs =Miscellaneous underground storage tanks

E.7.2.2 Chemical Consequences

The chemical exposure for the Ex Situ No Separations alternative is the same as that previously
discussed in Section 6.2.2 for the Ex Situ Intermediate Separations alternative with the exclusion of the
dicyclopentadiene. The results are reproduced in Table E.7.2.3. The general public's exposure to
anhydrous ammonia would exceed the ratio of exposure to ERPG-3 by 1.24E+01 for corrosive/irritant
chemicals. Consequently, this exposure to the MEI general public could result in potential lethal
effects.

Table E.7.2.2 MEI Radiological Impact from Retrieval Transport Accidents

Receptor Dose (rem) LCF/rem ~L LCF Risk
MUSTs
Worker MEI 3.5E-01 4.0E-04 1.4E-04
General public ME1 1.5E-03 5.0E-04 7.5E-07
SSTs
Worker MEI 1.8E+00 4.0E-04 7.2E-04
General public MEI 7.6E-03 5.0E-04 3.8E-06

Notes:

LCF = Latent cancer fatalities

MEI = Maximally-exposed individual

MUSTs = Miscellaneous underground storage tanks
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Table E.7.2.3 Comparison of Chemical Concentrations to Corrosive/Irritant Concentration Limits for the -
Ex Situ No Separations Alternative

Analyte Exposure ERPG-1 ERPG-2 ERPG-3
(Threshold values are presented in mg/m®) (mg/m®) {mg/m°) (mg/m?) (mg/m?)
Anhydrous Ammonia ' Threshold Value 1.77E+01 1.42E+02 7.10E+02
Ratio of Exposure to ERPG
MEI General Public 8.77E+03 4.95E+02 6.18E+01 1.24E+01
Nitric Acid? Threshold Value 5.20E+00 6.55E+01 1.31E+02
Ratio of Exposure to ERPG
MEI General Public 1.77E-01 3.40E-02 2.70E-03 .1 1.35E-03
Sodium Hydroxide * Threshold Value 2.00E+00 4.00E+01 1.00E+02
Ratio of Exposure ERPG
MEI General Public 1.37E+00 6.85E-01 [3.4313-02 ;rl.37E-02

Notes:

' AIHA ERPGs were used for anhydrous ammonia.

2 AIHA ERPGs were used for nitric acid.

* AIHA ERPGs were used for sodium hydroxide.

ERPG = Emergency response planning guideline values.

ERPG-1 = These are maximum airborne concentrations below which it is believed that néarly all individuals could be
exposed for up to 1 hour without experiencing other than mild transient adverse effects or perceiving a clearly defined
objectionable odor.

ERPG-2 = These are the maximum airborne concentrations below which it is believed that nearly all individuals could be
exposed for up to 1 hour without experiencing or developing irreversible or other serious health effects or symptoms that
could impair their abilities to take protective action.

ERPG-3 = These are the maximum airborne concentrations below which it is believed that nearly all individuals could be
exposed for up to 1 hour without experiencing or developing life-threatening health effects.

MEI = Maximally-exposed individual

E.7.2.3 Occupational Injuries and Fatalities

Truck and Rail Transportation

Injuries and fatalities resulting from direct impact of transportation accidents are analyzed in this
subsection. Rail and truck transportation activities to transport materials and supplies to the site for this
alternative were estimated in the No Separations data package (WHC 1995¢) and summarized in

Table E.7.2.4.

The number of injuries and fatalities were calculated by multiplying the total distance traveled in each
zone shown in Table E.7.2.5 by the appropriate unit risk factors shown in Table E.1.3.1. The distance
traveled in the population zones were calculated using the methodology previously discussed in

Section E.1.3.

The expected injuries and fatalities resulting from transportation accidents associated with the Ex Situ
No Separations alternative are summarized in Table E.7.2.6.
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Table E.7.2.4 Summary of Transportation Activities for the Ex Situ No Separations Alternative

Activity Cargo Trips Distance (km) Total distance (km)
(round-trip) Onsite Offsite
Truck Rail Truck Rail
Retrieval
Waste Tank waste 6.25E+02 2.00E+01 1.25E+04 N/A N/A N/A
{ansport - pyiesel 540E+01  |1.40E+02'  [N/A N/A  |7.56E+03  [N/A
Construction | Sand/ 3.25E+402 1.00E+01 2 3.25E+403 N/A N/A N/A
(W-314) gravel
Excavation 2.29E+03 4.00E+00 9.17E+03  |N/A N/A N/A
Backfill 2.75E+03 4.00E+00 1.10E+04 N/A N/A N/A
Site 3.43E+02 1.60E+01 5.49E+03 N/A N/A N/A
preparation
Concrete 6.42E+02 6.00E+00 3.85E+03 N/A N/A N/A
Burial 1.30E+01 1.60E+01 2.08E+02 N/A N/A N/A
Consumables | 3.00E+00 1.40E+02 ' N/A N/A 4.20E+02 N/A
Cement 1.10E+01 8.00E+02° N/A N/A N/A 8.80E+03
Steel 2.40E+01 8.00E+02° N/A N/A N/A 1.92E+04
Construction | Sand/gravel 5.36E+03 1.00E+01? 5.36E+04 N/A N/A N/A
(Annex) Concrete  |9.66E+03  |6.00E+00  |5.80E+04 [N/A  |N/A N/A
Diesel 7.10E+01 1.40E+02 ' N/A N/A 9.94E+03 N/A
Consumables |2.40E+03 1.40E+02 ' N/A N/A 3.36E+05 N/A
Cementand |{2.00E+01 8.00E+02* N/A N/A N/A 1.60E+ 04
steel
Remediation - Vitrification Plant
Construction } Site 4.25E+03 1.60E+01 6.80E+04 N/A N/A N/A
preparation
Excavation 1.30E+05 4.00E+00 5.21E+05 N/A N/A N/A
Backfill 9.38E+4+04 4.00E+00 3.75E+05 N/A N/A N/A
Sand/gravel 1.90E+04 1.00E+01 2 1.90E+05 N/A N/A N/A
Concrete 3.55E+04 6.00E+00 2.13E+05 N/A N/A N/A
Burial 1.69E+04 1.60E+01 2.70E+05 N/A N/A N/A
Diesel 8.30E+02 1.40E+02' N/A N/A 1.16E+05 N/A
Consumables | 6.00E+03 1.40E+02 ' N/A N/A 8.40E+05 N/A
Cement and 8.20E+01 8.00E+02? N/A N/A N/A 6.56E+04
steel
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Table E.7.2.4 Summary of Transportation Activities for thé Ex Situ No Separations Alternative (cont'd)

Activity Cargo Trips Distance (km) Total distance (km)
(round-trip) Onsite Offsite
Truck Rail Truck Rail
Operation Burial 6.35E+03 1.60E+01 1.02E+05 N/A N/A N/A
Sand/ 2.17E+05 1.00E+01 2 2.17E+06 N/A N/A N/A
gravel
Concrete 4.06E+05 6.00E+00 2.44E+06 N/A N/A N/A
Diesel 2.00E+01 1.40E+02' N/A N/A 2.80E+03 N/A &
Kerosene 4.48E+03 1.40E+02 ! N/A N/A 6.27E+05 N/A
Glass form 1.31E+04 1.40E+02 ' N/A N/A 1.83E+06 N/A
NH,  |3.08E+02 8.00E+02 * N/A N/A 2.46E+05 N/A
HNO, 2.80E+01 8.00E+02° N/A N/A 2.24E+04 N/A
NaOH 1.20E+01 8.00E+02° N/A N/A 9.60E+03 N/A
Cement, steel |6.92E+02 8.00E+02° N/A N/A N/A 5.54E+05
and chemicals
Closure
Grout tank Sand/gravel 1.66E+03 1.00E+01 2 1.66E+04 N/A N/A N/A
domes,
MUSTs, and Concrete 3.11E+03 6.00E+00 1.87E+04 N/A N/A N/A
ancillary Diesel 3.83E+02 1.40E+02 ' N/A N/A 5.36E+04 N/A
equipment | cement 3.00E+00 [8.00E+02° |N/A N/A  [N/A 2.40E+03
Gravel fill Gravel 6.21E+04 1.00E+01 ? 6.21E+05 N/A N/A N/A
tanks
Barrier Silt 3.09E+04 3.00E+01 * 9.26E+05 N/A N/A N/A
Sand/gravel 3.47E+04 1.00E+01 ? 3.47E+05 N/A N/A N/A
Basalt 5.22E+04 3.20E+01* 1.67E+06 N/A N/A N/A
Diesel 2.39E+03 1.40E+02 ' N/A N/A 3.35E+05 N/A
Asphalt 5.13E+03 1.40E+02 ' N/A N/A 7.18E+05 N/A
Fabric 2.00E+00 8.00E+02 * N/A N/A 1.60E+03 N/A
Total km 1.01E+07 N/A 5.15E+06 6.66E+05
Notes:
! Round-trip distance from Tri-Cities area.
? Round-trip distance from Pit 30 borrow site.
3 Round-trip distance from Portland/Seattle area.
4 Round-trip distance from McGee Ranch borrow site.
3 Round-trip distance from Vernita Quarry borrow site.
N/A = Not applicable
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Table E.7.2.5 Distance Traveled in Population Zones for the Ex Situ No Separations Alternative

Mode Urban' Suburban 2 Rural *
Truck 2.58E+05 1.4E+07 4.64E+06
Rail 3.33E+04 3.33E+04 5.99E+05
Notes:

! Urban represents 5 percent of total offsite distance from Table E.7.2.4.
? Suburban represents 5 percent of total offsite distance and 100 percent total onsite distance from Table E.7.2.4.
* Rural represents 90 percent of total offsite distance from Table E.7.2.4.

Table E.7.2.6 Injuries and Fatalities Resulting from Truck and Rail Transportation Accidents for the Ex Situ
No Separations Alternative

Mode Impact Urban Suburban Rural Total Fatalities | Total Injuries
Truck Fatality - 1.93E-03 1.35E-01 2.46E-01 3.83E-01 N/A
' Injury 9.54E-02 3.94E+00 3.71E+00 N/A 7.74E+00
Rail Fatality 5.66E-04 5.66E-04 1.02E-02 1.13E-02 N/A
Injury 1.10E-03 1.10E-03 1.98E-02 N/A 2.20E-02
Total 3.94E-01 7.77E+00
Employee Traffic

In addition to transporting materials and supplies to and from the Hanford Site by truck and rail, site
workers and other personnel required to perform the various activities would be driving to the site in
their vehicles. The total person-years to perform the activities was estimated at 6.73E+04 (Jacobs
1996). Each person was assumed to work 260 days of the year. The round-trip distance traveled to
work from the Tri-Cities area was estimated at 140 km (87 mi) with an estimated 1.35 passengers per
vehicle (DOE 1994a). The total employee vehicle distance was therefore calculated as follows:
(6.73E+04 person-years) * (260 days/year) * (140 km/day) - (1/1.35) =1.82E+09 km (1.1E+09 mi)

To calculate the expected number of injuries and fatalities resulting from vehicle accidents, the
injury/fatality rates discussed in Section E.1.3 were used. The expected number of injuries and
fatalities resulting from employee vehicle accidents were calculated as follows:
Injuries = (1.82E+09 km) - (7.1E-07 injuries/km) = 1.30E+03
Fatalities = (1.82E+09 km) - (8.98E-09 fatalities/km) = 1.63E+01

Cumulative Transportation Injuries and Fatalities
The cumulative, nonradiological and nontoxicological injuries and fatalities incurred as a direct result
of traffic accident impacts is the sum of the truck and rail transport and employee vehicle accidents.

The results are summarized in Table E.7.2.7.
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Table E.7.2.7 Cumulative Injuries and Fatalities from Traffic Impacts for the Ex Situ No Separations Alternative

Mode Fatalities Injuries
Truck and rail transport 3.94E-01 7.77E+00
Employee vehicle 1.63E+01 1.30E+03
Total 1.67E+01 1.30E+03

E.7.3 OPERATION ACCIDENTS
The radiological and chemical operation accidents, consequences, and risk for the Ex Situ No
Separations alternative are summarized in the following text.

E.7.3.1 Continued Operation - Mispositioned Jumper Accident - Tank Waste Transfers

The dominant continued operations accident during tank waste transfer is the mispositioned jumper
accident previously discussed in the No Action alternative in Section E.2.2.1 and summarized as
follows:

Source-term - The source-term resulting from a spray release in Section E.2.2.1.1 was calculated to be
52 L (14 gal).

Probability - The frequency of a mispositioned jumper in Section E.2.2.1.2 was 1.1E-02 per year.
The Ex Situ No Separations continued operation activity was based on 22.5 years of operations;

therefore, the probability was calculated to be 2.5E-01.

Radiological Consequences - The radiological consequences presented in Table E.2.2.2 are
reproduced in Table E.7.3.1.

Table E.7.3.1 Dose Consequence from Mispositioned Jumper

Receptor ] Dose CEDE (person-rem) -
Nominal Scenario Bounding Scenario
MEI worker 5.88E+01 1.33E+403
Workers (10) 5.88E+02 1.33E+04
MEI noninvolved worker 1.92E+01 4.35E+02
Noninvolved worker (1,835)' 7.23E+02 1.64E+04
MEI general public 8.44E-02 1.91E+00
General public (114,734)" 1.77E+02 4.01E+03

Notes:

! Number of people in exposed population.
CEDE = Committed effective dose equivalent
MEI = Maximally-exposed individual
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Radiological Cancer Risk - The LCFs calculated in Section E.2.2.1.4 are the same for the Ex Situ No
Separations alternative; however, the LCF risk (point estimate) is not the same due to the difference in
probabilities. The LCFs and the LCF risk are calculated in Table E.7.3.2. The bounding scenario
calculations show all 10 workers potentially receive a fatal dose and assumably die directly after the
exposure if the accident occurred. There would be approximately seven LCFs from the noninvolved
worker population and two from the general public. The nominal scenario calculations show there
would be no LCFs.

Table E.7.3.2 Latent Cancer Fatality Risk from Mispositioned Jumper

Receptor Dose CEDE LCF/rem LCF' Probability LCF Risk
(person-rem) (point estimate)

Nominal Scenario

MEI worker 5.88E+01 8.00E-04 4,70E-02 2.48E-01 1.17E-02
Workers (10)' 5.88E+02 8.00E-04 4.70E-01 2.48E-01 1.17E-01
MEI noninvolved worker 1.92E+01 4.00E-04 7.68E-03 2.48E-01 1.90E-03
Noninvolved worker (1,835)" 7.23E+02 4.00E-04 2.89E-01 2.48E-01 * | 7.17E-02
MEI general public 8.44E-02 5.00E-04 4,22E-05 2.48E-01 1.05E-05
General public (114,734)" 1.77E+02 5.00E-04 8.85E-02 2.48E-01 2.19E-02
Bounding Scenario

MEI worker 1.33E+03 lethal 1.00E+00 2.48E-01 2.48E-01
Workers (10)' : 1.33E+4+04 lethal 1.00E+01 2.48E-01 2.48E+00
MEI noninvolved worker 1.33E+02 lethal 1.00E+00 2.48E-01 2.48E-01
Noninvolved worker (1,835)" 1.64E+04 4.00E-04 6.56E+00 2.48E-01 1.63E+00
MEI general public 1.91E+00 5.00E-04 9.55E-04 2.48E-01 2.37E-04
General public (114,734)" 4.01E+03 5.00E-04 2.01E+00 2.48E-01 4.97E-01
Notes:

' Total number of fatal cancers if the accident occurs.
2 Number of people in exposed population.

CEDE = Committed effective dose equivalent

LCF = Latent cancer fatality

MEI = Maximally-exposed individual

Chemical Consequences

Potential acute hazards associated with a mispositioned jumper are identical to those summarized in
Tables E.2.2.4 (toxic chemicals, nominal conditions), E.2.2.5 (toxic chemicals, bounding conditions),
E.2.2.6 (corrosive/irritant chemicals, nominal conditions) and E.2.2.7 (corrosive/irritant chemicals,
bounding conditions) for the No Action alternative.

Toxic Impact from Chemical Exposure

Under nominal conditions (Table E.2.2.4), the cumulative acute hazard ratios for the MEI worker,
MEI noninvolved worker, and MEI general public were less than 1.0, indicating that no adverse acute
health effects would be expected for these three receptors. Under bounding conditions (Table E.2.2.5),
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the MEI worker was not evaluated because death would occur from exposure to radionuclides. The
cumulative acute hazard ratio for the MEI noninvolved worker was 5.36E+00 for ERPG-2, indicating
that reversible acute health effects would be expected. This acute hazard ratio was primarily

attributable to mercury (approximately 89 percent of the overall hazard ratio). No adverse acute health

effects were predicted for the MEI general public under bounding conditions.

Corrosive/Irritant Impact from Chemical Exposure

Under nominal conditions (Table E.2.2.6), the cumulative acute hazard ratio for the MEI worker was
2.70E+00 for ERPG-3, indicating the potential for irreversible health effects that could be life
threatening. This acute hazard ratio was almost entirely attributable to sodium assumed to be
equivalent to sodium hydroxide in corrosive/irritant effects. For the MEI noninvolved worker, the
cumulative acute hazard ratio for ERPG-1 was 3.00E+00, indicating that only mild, reversible irritant
effects would be expected. No acute health impacts were predicted for the MEI general public under
nominal conditions. Under bounding conditions (Table E.2.2.7), the MEI worker was not evaluated
because death would occur from exposure to radionuclides. For the MEI noninvolved worker, the
cumulative acute hazard ratio for ERPG-1 was 4.36E+ 00, indicating that only mild reversible irritant
effects would be expected. No acute health impacts were predicted for the MEI general public under
bounding conditions.

Under both nominal and bounding conditions, the probability of a mispositioned jumper is 2.48E-01.

E.7.3.2 Continued Operations Accident -Waste Storage Tanks
The dominant accident is a hydrogen deflagration in a waste storage tank previously discussed in the
No Action alternative in Section E.2.2.2.1 and summarized as follows:

Source-term - The source-term resulting from the fire in Section E.2.2.2.1 was calculated to be 2.4 L
(0.6 gal). '

| Probability - The frequency of the hydrogen deflagration in a waste storage tank in Section E.2.2.2.2
was estimated to be 7.2E-03 per year. The Ex Situ No Separations alternative was based on 23 years
of operation, therefore the probability was calculated to be 1.7E-0O1.

Radiological Consequences - The radiological consequences presented in Table E.2.2.8 are
reproduced in Table E.7.3.3.

Radiological Cancer Risk - The LCFs calculated in Section E.2.2.2.4 are the same for the Ex Situ No
Separations alternative. However, the LCF point estimate risk is not the same due to the difference in

probabilities. The LCF and the LCF risk are calculated in Table E.7.3.4.

_ In the bounding scenario all 10 workers would potentially receive a fatal dose and assumably die
directly after the exposure. There would also be 10 LCFs attributed to the exposure to the noninvolved
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workers and 2 LCFs to the general public if the accident occurred. The noninvolved scenario
calculations show there would be no LCFs.

Table E.7.3.3 Dose Consequence from Hydrogen Deflagration in Waste Storage Tank

Receptor Dose CEDE (person-rem)
Nominal Scenario Bounding Scenario
MEI worker 3.91E+01 7.31E+03
Workers (10)' 3.91E+02 7.31E+04
MEI noninvolved worker 9.40E+00 1.76E+03
Noninvolved worker (1,835)! 1.32E+02 2.47E+04
MEI general public 2.28E-02 4.26E+00
General public (114,734)" 1.99E 401 3.72E+03

Notes:

! Number of people in exposed population.
CEDE = Committed effective dose equivalent
MEI = Maximally-exposed individual

Table E.7.3.4 Latent Cancer Fatality Risk from Hydrogen Deflagration in Waste Storage Tank

Receptor Dose CEDE LCF/rem LCF' Probability LCF Risk
(person-rem) (point estimate)
Nominal Scenario
MEI worker 3.91E+01 8.00E-04 3.13E-02 1.66E-01 5.19E-03
Workers (10) 3.91E+02 8.00E-04 3.13E-01 1.66E-01 5.19E-02
MEI noninvolved worker 9.40E+00 4.00E-04 3.76E-03 1.66E-01 6.24E-04
Noninvolved workers (1,835) 2 1.32E+02 4.00E-04 5.28E-02 1.66E-01 8.76E-03
MEI general public 2.28E-02 5.00E-04 1.14E-05 1.66E-01 1.89E-06
General public (114,734) 2 1.99E+01 5.00E-04 9.95E-03 1.66E-01 1.65E-03
Bounding Scenario

MEI worker 7.31E+03 lethal 1.00E+00 1.66E-01 1.66E-01
Workers (10) 2 7.31E+04 lethal 1.00E+01 1.66E-01 1.66E+00
MEI noninvolved worker 1.76E+03 lethal 1.00E+00 1.66E-01 1.66E-01
Noninvolved workers (1,835) 2 2.47E+04 4.00E-04 9.88E+00 1.66E-01 1.64E+00
MEI general public 4.26E+00 5.00E-04 2.13E-03 1.66E-01 3.54E-04
General public (114,734) 2 3.72E+03 5.00E-04 1.86E+00 1.66E-01 3.09E-01
Notes:

! Total number of fatal cancers if the accident occurs.

* Number of people in exposed population.

CEDE = Committed effective dose equivalent

LCF = Latent cancer fatality

MEI = Maximally-exposed individual
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Chemical Consequences

Potential acute hazards associated with a hydrogen burn in a waste storage tank are identical to those
summarized in Tables E.2.2.10 (toxic chemicals, nominal conditions), E.2.2.11 (toxic chemicals,
bounding conditions), E.2.2.12 (corrosive/irritant chemicals, nominal conditions) and E.2.2.13
(corrosive/irritant chemicals, bounding conditions) for the No Action alternative.

Under bounding conditions, chemical impacts were not evaluated for the MEI worker because all
workers would receive a lethal radiation dose, as discussed previously.

Toxic Impact from Chemical Exposure

Under nominal conditions (Table E.2.2.10), the cumulative acute hazard ratio for the MEI worker was
1.57E+00 for ERPG-2, indicating that reversible acute health effects would be expected. This acute
hazard ratio was primarily attributable to TOC (approximately 87 percent of the overall ERPG-2 ratio).
The TOC is assumed to be equivalent in toxicity to tributylphosphate, which is the most acutely toxic
constituent of the organic analytes identified. Tributylphosphate was used as a surrogate because an
inventory of the various chemicals that make up the TOC class is not available. For the MEI
noninvolved worker, the cumulative acute hazard ratio for ERPG-3 was 9.38E+400, indicating the
potential for irreversible health effects that could be life threatening. This acute hazard ratio was also
primarily attributable to TOC (approximately 90 percent of the overall ERPG-3 ratio) However, the
MEI noninvolved worker is a hypothetical worker assumed to be located 100m (330 ft) from the source
area. The nearest noninvolved worker population is located 290 m (950 ft) from the source area and
had no cumulative acute hazard ratios greater than 1.0 for any of the ERPGs, indicating that no acute
health effects would be expected for the nearest noninvolved worker population. Likewise, no acute
health effects were predicted for the MEI general public under nominal conditions.

Under bounding conditions (Table E.2.2.11), the cumulative acute hazard ratio for the MEI
noninvolved worker was 4.54E+02 for ERPG-3, indicating the potential for irreversible health effects
that could be life-threatening. This acute hazard ratio is primarily attributable to:

. Oxalate (approximately 37 percent of the total hazard ratio);

. Beryllium (approximately 13 percent of the total hazard ratio);

. Cadmium (approximately 14 percent of the total hazard ratio);

. Uranium (approximately 12 percent of the total hazard ratio); and
. TOC (approximately 8 percent of the total hazard ratio).

As discussed previously, this is a hypothetical receptor located 100m (330 ft) from the source. The
cumulative acute hazard ratio for the nearest noninvolved worker population located 290 m (950 ft)
from the source was 1.65E+00 for ERPG-3, indicating the potential for irreversible health effects that
could be life-threatening for 335 workers. This hazard ratio was attributable to the same toxic
chemicals listed above. This exceedance of the ERPG-3 criterion for the nearest noninvolved worker
population would not be expected to result in irreversible health effects or place these workers in a life-
threatening situation for the following reasons.
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. ERPG-3 is defined as a concentration in which a receptor can be exposed for 1 hour
without irreversible health effects. Because the Hanford Site has an in-place
emergency response plan designed to evacuate workers within 1 hour of an accident,
workers would be expected to evacuate their location and move to an area where
potential exposures would be well below ERPG-3. Therefore, this worker population
would not be exposed to airborne concentrations that would be either life threatening or
result in irreversible health effects;

. The estimated air concentrations of chemicals as a result of this accident were based on
very conservative meteorology, which results in movement of a plume directly toward
the worker population at a relatively slow rate with minimal wind dispersion. If less
conservative meteorological parameters were used, wind dispersion would cause the
estimated air concentrations of chemicals to be substantially less, and the ERPG-3
criterion would not be exceeded; and

. Only the bounding toxic chemical evaluation exceeded ERPG-3, while the nominal
evaluation was well below 1.00E+00 for ERPG-3, suggesting that the noninvolved
worker population would not receive an exposure that would result in any permanent
health effects.

The next nearest noninvolved worker population is located 1,780 m (5,840 ft) from the source and
contains 1,500 workers. The cumulative acute hazard ratio was less than 1.0 for all ERPGs, indicating
that no acute health effects would be expected for this population of workers. No acute health impacts
were predicted for the MEI general public.

- Corrosive/Irritant Impact from Chemical Exposure

Under nominal conditions (Table E.2.2.12), the cumulative acute hazard ratio for the MEI worker was
3.82E+00 for ERPG-3, indicating the potential for irreversible corrosive/irritant effects that could be
life threatening. For the MEI noninvolved worker, the cumulative acute hazard ratio for ERPG-3 was
7.89E+01 and would indicate irreversible corrosive/irritant effects that could be life threatening for
this hypothetical receptor. This hazard ratio was primarily attributable to sodium which was assumed
to be equivalent to sodium hydroxide in corrosive/irritant effects. For the nearest noninvolved worker
population (290 m [950 ft]) composed of 335 workers, the cumulative acute hazard ratio for ERPG-1
was 1.38E+01, indicating that only mild reversible effects would be expected. No acute health
impacts were predicted for the MEI general public under nominal conditions.

Under bounding conditions (Table E.2.2.13), the cumulative acute hazard ratio for the MEI
noninvolved worker was 1.91E+02 for ERPG-3, indicating irreversible health effects that could be life
threatening for this hypothetical receptor. This hazard ratio was primarily attributable to:

. Sodium as sodium hydroxide (approximately 75 percent of the total hazard ratio);
. Chromium (approximately 14 percent of the total hazard ratio); and
. Calcium (approximately 6 percent of the total hazard ratio).
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For the nearest noninvolved worker population (290 m [950 ft]) composed of 335 workers, the
cumulative acute hazard ratio was 1.74 for ERPG-2, indicating that reversible acute effects would be
expected. No acute health impacts were predicted for the MEI general public under nominal conditions.

Under both nominal and bounding conditions, the probability of a hydrogen deflagration event in a
waste storage tank is 1.66E-01.

E.7.3.3 Retrieval - Loss of Filtration Accident
The dominant retrieval operations accident is the loss of filtration accident previously discussed in the
Ex Situ Intermediate Separations alternative in Section E.6.3.3 and is summarized as follows:

Source-term - The source-term resulting from the airborne release in Section E.6.3.3.1 was calculated
to be 2.5E-01L (6.6E-02 gal).

Probability - The frequenéy of a loss of filtration in Section E.6.3.3.2 was 8.8E-06 per year. The Ex
Situ No Separations retrieval activity was based on 23 years of operations; therefore, the probability

was calculated to be 2.2E-04.

Radiological Consequences - The radiological consequences presented in Section 6.3.3.3 are
reproduced in Table E.7.3.5.

Table E.7.3.5 Dose Consequence from Loss of Filtration

Receptor Dose CEDE (person-rem)
Nominal Scenario Bounding Scenario

MEI worker 4.89E+01 3.26E+03
Workers (10)' 4.89E+02 3.26E+04
MEI noninvolved worker 3.22E-01 2.14E+01
Noninvolved worker (1,835)! 1.37E+01 9.16E+02
MEI general public 1.38E-03 9.22E-02

General public (114,734)' 2.07E+00 1.38E+02

Notes:

! Number of people in exposed population.
CEDE = Committed effective dose equivalent
MEI = Maximally-exposed individual

Radiological Cancer Risk - The LCFs and the LCF point estimate risk were calculated for the
receptors and are presented in Table E.7.3.6.

In the bounding scenario all 10 workers would potentially receive a fatal dose and assumably die
directly after the exposure. The calculations show there would be less than one LCF attributed to the
exposure to the noninvolved workers and the general public if the accident occurred. The nominal
scenario calculations show there would be no LCFs.
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Table E.7.3.6 Latent Cancer Fatality Risk from Loss of Filtration

Receptor Dose CEDE LCF/rem LCF! Probability LCF Risk
(person-rem) (point estimate)

Nominal Scenario

MEI worker 4.89E+401 8.00E-04 3.91E-02 2.02E-04 7.90E-06
Workers (10) ? 4.89E+02 8.00E-04 3.91E-01 2.02E-04 7.90E-05
MEI noninvolved worker 3.22E01 4.00E-04 1.29E-04 2.02E-04 2.60E-08
Noninvolved workers (1,835) 2 1.37E+01 4.00E-04 5.48E-03 2.02E-04 1.11E-06
MEI general public 1.38E-03 5.00E-04 6.90E-07 2.02E-04 1.39E-10
General public (114,734) 2.07E+00 5.00E-04 1.04E-03 2.02E-04 2.09E-07
Bounding Scenario
MEI worker 3.26E+03 lethal 1.00E+00 2.02E-04 2.02E-04
Workers (10) ? 3.26E+04 lethal 1.00E+01 2.02E-04 2.02E-03
MEI noninvolved worker 2.14E+01 8.00E-04 1.71E-02 2.02E-04 3.46E-06
Noninvolved workers (1,835) 2 9.16E+02 4.00E-04 3.66E-01 2.02E-04 7.40E-05
MEI general public 9.22E-02 5.00E-04 4.61E-05 2.02E-04 9.31E-09
General public (114,734) ? 1.38E+02 5.00E-04 6.90E-02 2.02E-04 1.39E-05
Notes:

! Total number of fatal cancers if the accident occurs.
2 Number of people on exposed population.

CEDE = Committed effective dose equivalent

LCF = Latent cancer fatality

MEI = Maximally-exposed individual

Chemical Consequences

The chemical exposure to the receptors from the postulated accident was calculated in Appendix A of
the accident data package (Shire et al. 1995 and Jacobs 1996) and summarized in the exposure column
in Tables E.6.3.8 and E.6.3.9 for the nominal and bounding toxic effects, rgspectively, and Tables
E.6.3.10 and E.6.3.11 for the nominal and bounding corrosive/irritant effects, respectively. The tables
compare the concentration of postulated chemical releases to acute exposure criteria (ERPGs) discussed
in Section 1.1.7.

Under bounding conditions, chemical impacts were not evaluated for the MEI worker because all
workers would receive a lethal radiation dose, as discussed previously.

Toxic Impact from Chemical Exposure

Under nominal conditions (Table E.6.3.8), the cumulative acute hazard ratio for the MEI worker was
less than 1.0 for all ERPGs, indicating that no adverse acute health effects would be expected. For the
MEI noninvolved worker, the cumulative acute hazard ratio was 1.84E+00 for ERPG-1, indicating
that only mild, transient acute health effects would be expected. No acute health effects were predicted
for the MEI general public under nominal conditions.
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Under bounding conditions (Table E.6.3.9), the cumulative acute hazard ratio for the MEI noninvolved
worker was 7.27E+01 for ERPG-3, indicating the potential for irreversible health effects that could be
life-threatening. This acute hazard ratio is primarily attributable to:

. Uranium (approximately 48 percent of the total hazard ratio);

. Oxalate (approximately 24 percent of the total hazard ratio);

. Mercury (approximately 13 percent of the total hazard ratio); and
. TOC (approximately 7 percent of the total hazard ratio).

As discussed previously, this is a hypothetical receptor located 100m (330 ft) from the source. The
cumulative acute hazard ratio for the nearest noninvolved worker population (335 workers) located
290 m (950 ft) from the source was 5.40E+00 for ERPG-2, indicating that reversible acute health
effects would be expected. No acute health impacts were predicted for the MEI general public.

Corrosive/Irritant Impact from Loss of Filtration

Under nominal conditions (Table E.6.3.10), the cumulative acute hazard ratio for the MEI worker was
2.11E+00 for ERPG-2, indicating that reversible corrosive/irritant effects would be expected. For the
MEI noninvolved worker, the cumulative acute hazard ratio for ERPG-3 was 1.72E+01 and would
indicate irreversible corrosive/irritant effects that could be life threatening for this hypothetical
receptor. This hazard ratio was primarily attributable to sodium which was assumed to be equivalent to
sodium hydroxide in corrosive/irritant effects. For the nearest noninvolved worker population (290 m
[950 ft]) composed of 335 workers, the cumulative acute hazard ratio for ERPG-1 was 3.02E+00,
indicating that only mild, transient irritant effects would be expected. No acute health impacts were
predicted for the MEI general public under nominal conditions.

Under bounding conditions (Table E.6.3.11), the cumulative acute hazard ratio for the MEI
noninvolved worker was 2.47E+01 for ERPG-3, indicating irreversible health effects that could be life
threatening for this hypothetical receptor. This hazard ratio was primarily attributable to :

. Sodium as sodium hydroxide (approximately 82 percent of the total hazard ratio);and

. Calcium (approximately 9 percent of the total hazard ratio).

For the nearest noninvolved worker population (290 m [950 ft]) composed of 335 workers, the
cumulative acute hazard ratio was 4.38 for ERPG-1, indicating that only mild, transient irritant effects
would be expected. No acute health impacts were predicted for the MEI general public under nominal
conditions.

Under both nominal and bounding conditions, the probability of a loss of filtration event is 2.02E-04.

E.7.3.4 Treatment - Canister of Vitrified High-Level Waste Inadvertently Drops and Ruptures
The dominant immobilization operations accident is the "canister of vitrified HLW inadvertently drops
and ruptures" accident previously discussed in the Ex Situ Intermediate Separations alternative in
Section E.6.3.5 and summarized as follows:
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Source-term - The source-term resulting from the airborne release in Section E.6.3.5.1 was calculated
to be 2.5E-06 g (8.8E-08 oz) based on a solid glass form in the canister. The canisters for the Ex Situ
No Separations alternative are filled with glass cullet, therefore it was assumed that the MAR would be
increased by a factor of two. This increase would result in a source-term of 5.0E-06 g (1.8E-07 oz).

Probability - The frequency of the accident in Section E.6.3.5.2 was 6.0E-01 per year. The Ex Situ
No Separation treatment activity was based on 23 years of operations; therefore, the probability was

calculated to be 1.0E400.

Radiological Consequences - The radiological consequences in Section 6.3.5.3 were increased by a
factor of two, based on the increased inventory, and are presented in Table E.7.3.7.

Table E.7.3.7 Dose Consequence from Breached Canister

Receptor Dose CEDE (person-rem)
Nominal Scenario Bounding Scenario
MEI worker 9.06E-08 5.44E-05
Workers (10)’ 9.06E-07 5.44E-04
MEI noninvolved worker 1.35E-09 8.12E-07
Noninvolved worker (1,835)" 5.10E-08 3.06E-05
MEI general public 2.00E-12 1.20E-09
General public (114,734)" 4 46E-09 2.68E-06

Notes:

! Number of people in exposed population
CEDE = Committed effective dose equivalent
MEI = Maximally-exposed individual

Radiological Cancer Risk - The LCFs and the LCF point estimate risk were calculated for the
receptors and are presented in Table E.7.3.8. The calculations show that there would be no LCFs
attributable to this exposure if the accident occurs for the bounding or nominal scenarios.

Chemical Consequences - No chemical consequences were evaluated (Shire et al. 1995 and Jacobs
1996) since the release would first pass through two-stage HEPA filters that would reduce the source-
term to a very small amount, well below the cumulative ratio of exposure to ERPG-1 values for toxic
or corrosive/irritant chemicals.
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Table E.7.3.8 Latent Cancer Fatality Risk from Breached Canister

Receptor Dose CEDE LCF/rem LCF' Probability LCF Risk
(person-rem) (point estimate)
Nominal Scenario
MEI worker 9.06E-08 4.00E-04 3.62E-11 1.00E+00 3.62E-11
Workers (10) ? 9.06E-07 4.00E-04 3.62E-10 1.00E+00 3.62E-10
MEI noninvolved worker 1.35E-09 4.00E-04 5.40E-13 1.00E+00 5.40E-13
Noninvolved workers (5,500) 2 5.10E-08 4.00E-04 2.04E-11 | 1.00E+00 2.04E-11
MEI general public 2.00E-12 5.00E-04 1.00E-15 1.00E+00 1.00E-15
General public (114,734) 2 4.46E-09 5.00E-04 2.23E-12 1.00E+00 2.23E-12
Bounding Scenario
MEI worker 5.44E-05 4.00E-04 2.18E-08 1.00E+00 2.18E-08
Workers (10) ? 5.44E-04 4.00E-04 2.18E-08 1.00E+00 2.18E-07
MEI noninvolved worker 8.12E-07 4.00E-04 3.25E-10 1.00E+00 3.25E-10
Noninvolved workers (5,500) 3.06E-05 4.00E-04 1.22E-08 1.00E+00 1.22E-08
MEI general public 1.20E-09 5.00E-04 6.00E-13 1.00E+00 6.00E-13
General public (114,734) 2 2.68E-06 5.00E-04 1.34E-09 1.00E+00 1.34E-09
Notes:

! Total number of fatal cancers if the accident occurs.
2 Number of people in exposed population.

CEDE = Committed effective dose equivalent

LCF = Latent cancer fatality

MEI = Maximally-exposed individual

E.7.3.5 Beyond Design Basis Accidents

The beyond design basis accident is a seismic event resulting in the collapse of a SST. In the event of a
0.43 g earthquake, a SST could potentially collapse (LANL 1995). This event is not dependent on the
remediation alternative but has the same annual frequency regardless of the alternative that is chosen.
The length of time unremediated waste would remain in tanks that have not been backfilled would vary
depending on the alternative and would affect the probability of the event. The probability of the event
is the product of the annual frequency of the earthquake and the number of years the waste remains
untreated in the unstabilized tanks.

At smaller annual frequencies, larger earthquakes could occur resulting in greater destruction and
larger numbers of LCF to the onsite and offsite populations. In addition to population exposures from
the collapsed SSTs, the irhpact to other Hanford Site facilities and operations would potentially add to
the chemical and radiological risk. This would be a severe earthquake that would cause catastrophic
structural damage in the Tri-Cities and the Hanford Site with expected extensive loss of life. There
would be injuries and fatalities resulting from collapsed buildings and homes, fires, and traffic
accidents. However, this section evaluates the radiological and chemical impacts resulting from the
collapse of one SST.
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E.7 1 Source-Term Development

It was conservatively assumed that the radiological and chemical contaminants in the headspace are
available for release. The collapse of a portion of the dome and overburden compresses the vapor in
the headspace as it descends, enhancing the vapor release rate by a sudden pressure difference.
Assuming for each tank a respirable concentration of contaminants in the headspace of 100 mg/m®, a
liquid SpG of 1.5, and a headspace volume of 1,000 m* (Shire et al. 1995 and Jacobs 1996), the
potential source-term contribution from the headspace release was calculated as follows:

(100 mg/m®) - (1 g/1,000 mg) - (1 L/1,000 g) - (1,000 m®) - (1/1.5) = 6.67E-02 L (1.8E-02 gal).

It was conservatively assumed that the liquids had been pumped from the tanks so that the tanks
contained only solids and the MAR was 2,500 L (660 gal) for each tank. It was postulated that the fall
of the dome and overburden generated an air movement sufficient to suspend a fraction the MAR.
Assuming the respirable release fraction to be 2.0E-03 (Shire et al. 1995 and Jacobs 1996), the
potential source-term contribution was calculated as follows:

(2,500 L [660 gal]) - (2.0E-03) = 5.0 L (1.3 gal).

It was postulated that prevailing winds resuspend a respirable fraction of the MAR (2,500 L [660 gal]).
A respirable release fraction of 4.0E-05/hr for 24 hours was assumed. The potential source-term

contribution from resuspension was calculated as follows:
(2,500 L [660 gal]) - (4.0E-05/hr) * (24 hr) = 2.4 L (0.6 gal).

The combined source-term for the acute release is calculated as follows:
(6.67E-02 L) + (5.00E+00L) + 2.4L) = 7.4 L (2.0 gal).

This earthquake has a calculated annual exceedance frequency of approximately 1.40E-04 (WHC
1996b). The probability for this scenario based on 23 years of operation was therefore estimated to be

3.2E-03.

The radiological dose to the receptors from the previous source-term was calculated by the GENII
computer code (Napier et al. 1988) using the methodology previously discussed in Section E.1.1.6.

The results are presented in Table E.7.3.9.

E.7.3.5.4 Radiological r Risk fr
The LCFs and LCF point estimate risk are presented in Table E.7.3.10.

In the bounding scenario, all 10 workers would potentially receive a fatal dose and assumably die
directly after the exposure. There would also be 10 LCFs attributed to the exposure to the noninvolved
workers and two LCFs to the general public if the accident occurred. The nominal scenario
calculations show there would be no LCFs.
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Table E.7.3.9 Dose Consequence from Seismic Event
Receptor Dose CEDE (person-rem)
Nominal Scenario Bounding Scenario
MEI worker 1.21E+02 8.04E+03
Workers (10)' 1.21E+03 8.04E+04
MEI noninvolved worker 2.90E+01 1.93E+03
Noninvolved worker (1,835) 4.07E+02 2.71E+04
MEI general public 7.03E-02 4.68E+00
General public (114,734)’ 6.14E+01 4.09E+03

Notes:

! Number of people in exposed population
CEDE = Committed effective dose equivalent
MEI = Maximally-exposed individual

Table E.7.3.10 Latent Cancer Fatality Risk from Seismic Event

Receptor Dose person-rem| LCF/rem LCF Probability LCF Risk point-
estimate
Nominal Scenario
MEI worker 1.21E+02 8.00E-04 9.68E-02 3.22E-03 3.12E-04
Workers 1.21E+03 8.00E-04 9.68E-01 3.22E-03 3.12E-03
MEI noninvolved worker 2.90E+01 8.00E-04 2.32E-02 3.22E-03 7.47E-05
Noninvolved workers 4.07E+02 4.00E-04 1.63E-01 3.22E-03 5.24E-04
MEI general public 7.03E-02 5.00E-04 3.52E-05 3.22E-03 1.13E-07
General public 6.14E+01 5.00E-04 3.07E-02 3.22E-03 9.89E-05
Bounding Scenario
MEI worker 8.04E+03 lethal 1.00E+00 3.22E-03 3.22E-03
Workers 8.04E+04 lethal 1.00E+01 3.22E-03 3.22E-02
MEI noninvolved worker 1.93E+03 lethal 1.00E+00 3.22E-03 3.22E-03
Noninvolved workers , 2.71E+04 4.00E-04 1.08E+01 3.22E-03 3.49E-02
MEI general public 4.68E+00 5.00E-04 2.34E-03 3.22E-03 7.53E-02
General public 4.09E+03 5.00E-04 2.05E+00 3.22E-03 6.58E-03
E.7.3.5.5 Chemical Consequences from a Bevond Design Basis Earthquake

Potential acute hazards associated with a beyond design basis earthquake are identical to those
summarized in Tables E.2.2.16 (toxic chemicals, nominal conditions), E.2.2.17 (toxic chemicals,
bounding conditions), E.2.2.18 (corrosive/irritant chemicals, nominal conditions) and E.2.2.19
(corrosive/irritant chemicals, bounding conditions) for the No Action alternative.

Under bounding conditions, chemical impacts were not evaluated for the MEI worker because all
workers would receive a lethal radiation dose, as described previously.
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Toxic Impact from Chemical Exposure

Under nominal conditions, the cumulative acute hazard ratio for the MEI worker was 2.64E+00 for
ERPG-1, indicating that only mild transient effects would be expected. For the MEI noninvolved
worker, the cumulative acute health hazard was 2.59E+00 for ERPG-3, indicating the potential for
irreversible health effects that could be life threatening. This acute hazard ratio was primarily
attributable to TOC (approximately 84 percent of the total hazard ratio). The TOC is assumed to be
equivalent in toxicity to tributylphosphate, which is the most acutely toxic constituent of the organic
analytes identified. Tributylphosphate was used as a surrogate because an inventory of the various
chemicals that make up the TOC class is not available. The cumulative acute hazard ratio for the
nearest noninvolved worker population (consisting of 335 workers located 290 m [950 ft] away) was
less than 1.0 for all ERPGs, suggesting that no acute health effects would be expected.

Under bounding conditions (Table E.2.2.17), the cumulative hazard ratios for the MEI and nearest
noninvolved worker (335 workers located 290 m [950 ft] away) were 2.15E+03 and 7.80E+00 for
ERPG-3, respectively. These ratios were primarily attributable to:

. Uranium (approximately 47 percent of the total hazard ratio);
. Oxalate (approximately 24 percent of the total hazard ratio); and
. Mercury (approximately 13 percent of the total hazard ratio).

This exceedance of the ERPG-3 criterion for the nearest noninvolved worker population would not be
expected to result in irreversible health effects or place these workers in a life-threatening situation for
the following reasons.

. ERPG-3 is defined as a concentration in which a receptor can be exposed for 1 hour
without irreversible health effects. Because the Hanford Site has an in-place
emergency response plan designed to evacuate workers within 1 hour of an accident,
workers would be expected to evacuate their location and move to an area where
potential exposures would be well below ERPG-3. Therefore, this worker population
would not be exposed to airborne concentrations that would be either life threatening or
result in irreversible health effects; :

. The estimated air concentrations of chemicals as a result of this accident were based on
very conservative meteorology, which results in movement of a plume directly toward
the worker population at a relatively slow rate with minimal wind dispersion. If less
conservative meteorological parameters were used, wind dispersion would cause the
estimated air concentrations of chemicals to be substantially less, and the ERPG-3
criterion would not be exceeded; and

. Only the bounding toxic chemical evaluation exceeded ERPG-3, while the nominal
evaluation was well below 1.00E+00 for ERPG-3, suggesting that the noninvolved
worker population would not receive an exposure that would result in any permanent
health effects.
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Corrosive/Irritant Impact from Chemical Exposure

Under nominal conditions (Table E.2.2.18), the cumulative acute hazard ratios for the MEI worker,
MEI noninvolved worker and nearest noninvolved worker (335 workers at 290 m {950 ft]) were
2.47E+01, 5.10E+02 and 1.85E+00, respectively, for ERPG-3, indicating the potential for
irreversible health effects that could be life threatening. These ratios were almost entirely attributable
to sodium, which was assumed to be equivalent to sodium hydroxide in corrosive/irritant effects. As
discussed previously, this exceedance of the ERPG-3 criterion would not be expected to result in
irreversible or life threatening health effects. For the next nearest noninvolved worker population
(1,500 workers at 1,780 m {5,840 ft]), the cumulative acute hazard ratio was 1.20E+00 for ERPG-1,
indicating that only mild irreversible irritant effects would be anticipated. For the MEI general public,
the cumulative acute hazard ratio was less than 1.0 for all ERPGs and no acute health effects would be
expected.

Under bounding conditions, the cumulative acute hazard ratios for the MEI noninvolved worker and
nearest noninvolved worker (335 workers at 290 m [950 ft]) were 7.31E+02 and 2.65E+00,
respectively, for ERPG-3, indicating the potential for irreversible health effects that could be life
threatening. These acute hazard ratios were primarily attributable to:

. Sodium (approximately 83 percent of the total hazard ratio); and

. Calcium (approximately 10 percent of the total hazard ratio).

As discussed previously, this exceedance of the ERPG-3 criterion would not be expected to result in
irreversible or life threatening health effects.

For the next nearest noninvolved worker and MEI general public, the cumulative acute hazard ratios
were 1.74E+00 and 1.42E+00, respectively, for ERPG-1, indicating that only mild, transient irritant
effects would be expected.

Under both nominal and bounding conditions, the probability of a seismic event is 3.22E-03.

E.7.3.6 Occupation Injuries, Illnesses, and Fatalities from Operations
The number of operation personnel to support the Ex Situ No Separations alternative was estlmated
(Jacobs 1996) and is summarized as follows:

. Retrieval operations - 3.15E+04 person-years.

. Vitrification operations - 9.78E+03 person-years.

The total recordable injuries and illnesses, lost workday cases, and fatalities were calculated as follows:
Total Recordable Cases = (4.13E+04 person-years) - (2.2E+00 incidences/100 person-years) =
9.08E+02

Lost Workday Cases = (4.13E+04 person-years) * (1.1E+00 incidences/100 person-years) =

4.54+02
Fatalities = (4.13E+04 person-years) + (3.20E-03 fatalities/100 person-years) = 1.32E+00
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E.7.4 CALCINATION SUBALTERNATIVE

A subalternative to vitrification for the No Separations alternative is calcination. Rather than vitrifying
the waste stream, it would be calcined. There would be no change in the construction and operation
accidents.

E.7.4.1 Transportation
Transportation activities associated with this alternative are:

. Transporting residual SST waste and MUSTSs waste to calcination facility;

. Transporting earthen material from borrow sites to fill tank voids and for Hanford
Barrier;

. Transporting construction material to Hanford Site; and

. Employees commuting to work each day.

E7.4.1.1 Radiojogical Consequences
The methodology for determining radiological consequences from accidents while transporting residual
SST waste and MUST waste to a calcination facility was previously discussed in Section E.6.2.1.

The receptor dose and LCF risk resulting from the accident analysis for retrieval of MUST waste and
SST residuals is presented in Table E.7.4.1 for the integrated population and Table E.7.4.2 for the MEI
worker and MEI general public.

Table E.7.4.1 Integrated Radiological Impact from Retrieval Transport Accidents

Transport Activity Population Dose (person-rem) LCF/rem LCF Risk
MUSTs 3.43E-03 4.0E-04 1.37E-06
SSTs 1.58E-02 4.0E-04 6.32E-06
Notes:

LCF = Latent cancer fatalities

Table E.7.4.2 MEI Radiological Impact from Retrieval Transport Accidents

Receptor Dose (rem) r LCF/rem ] LCF Risk
MUSTs
Worker MEI 3.5E-01 4.0E-04 1.4E-04
General public MEI 1.5E-03 5.0E-04 7.5E-07
SSTs
Worker MEI 1.8E+00 4.0E-04 7.2E-04
General public MEI 7.6E-03 5.0E-04 3.8E-06

Notes:
LCF = Latent cancer fatalities
SST = Single-shell tank
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The number of injuries and fatalities were calculated by multiplying the total distance traveled in each
zone shown in Table E.7.4.4 by the appropriate unit risk factors shown in Table E.1.3.1. The distance
traveled in the population zones were calculated using the methodology previously discussed in

Section E.1.3.

There would be no LCFs resulting from an accident while transporting retrieved waste onsite.

E.7.4.1.2 Chemical Exposure

The chemical exposure for calcination would be the same as that previously discussed for vitrification
in Section E.7.2.2. The general public exposure to anhydrous ammonia would exceed the ratio of
exposure to ERPG-3 by 1.24E+01 for corrosive/irritant chemicals and could potentially result in lethal

effects.

E.7.4.1.3 Qccupational Injuries and Fatalities
Truck and Rail Transportation ‘
Injuries and fatalities resulting from direct impact of transportation accidents are analyzed in this
subsection. Rail and truck transportation activities to transport materials and supplies to the site for this
alternative were estimated in the No Separations data package (WHC 1995c) and summarized in

Table E.7.4.3.

Table E.7.4.3 Summary of Transportation Activities for the Ex Situ No Separations Alternative (Calcination)

Activity Cargo Trips Distance (km) Total distance (km)
(round-trip) Onusite Offsite
Truck | Rail Truck Rail
Retrieval
Waste Tank waste 6.25E+02 2.00E+01 1.25E+04 |N/A N/A N/A
Transport Diesel 5.40E+01 1.40E+02 ' N/A N/A 7.56E+03 |N/A
Construction -| Sand/gravel 3.25E+02 1.00E+01 2 3.25E4+03 |N/A N/A N/A
(W-314) Excavation 2.29E+03  |4.00E+00 9.17E+03 |N/A N/A N/A
Backfill 2.75E+03 4.00E+00 1.LI0E+04 [N/A N/A N/A
Site preparation | 3.43E+02 1.60E+01 549E+03 |[N/A N/A N/A
Concrete 6.42E+02 6.00E+00 3.85E+03 |N/A N/A N/A
Burial 1.30E+01 1.60E+01 2.08E+02 |N/A N/A N/A
Consumables 3.00E+00 1.40E+02'  |N/A N/A 4.20E+02 |N/A
Cement 1.10E+01 8.00E+02° [N/A N/A N/A 8.80E+03
Steel 2.40E+01 8.00E+02° [N/A N/A N/A 1.92E+04
Construction | Sand/gravel 5.18E+03 1.00E+01 2 5.18E+04 |N/A N/A N/A
(Annex) Concrete 9.66E+03  |6.00E+00 5.80E+04 |N/A N/A N/A
Diesel 7.10E+01 140E+02'  |N/A N/A 9.94E+03 [N/A
Consumables | 2.40E+03 1.40E+02'  |N/A N/A 3.36E+05 |N/A
Cement and steel |2.00E+01 8.00E+02°  |N/A N/A N/A 1.60E+04
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Table E.7.4.3 Summary of Transportation Activities for the Ex Situ No Separations Alternative (Calcination) (cont’d)

Activity Cargo Trips Distance (km) Total distance (km)
(round-trip) Onsite Offsite
Truck Rail Truck T Rail
Remediation - Calcination Plant
Construction | Site preparation |4.25E+03 1.60E+01 6.08E+04 |N/A N/A N/A
Excavation 1.30E+05 4.00E+00 5.21E+05 |N/A N/A N/A
Backfill 9.38E+04 4.00E+00 3.75E+05 |N/A N/A N/A
Sand/gravel 1.82E+04 1.00E+01 2 1.82E+05 |N/A N/A N/A
Concrete 3.39E+04 6.00E+00 2.03E+05 |N/A N/A N/A
Burial 1.69E+04 1.60E+01 2.70E+05 |N/A N/A N/A
Diesel 8.30E+02 1.40E+02 ' N/A N/A 1.16E+05 |N/A
Consumables 6.00E+03 1.40E+02 ' N/A N/A 8.40E+05 |N/A
Cement and steel |8.60E+01 8.00E+02° N/A N/A N/A 6.88E+04
Operation Burial 6.35E+03 1.60E+01 1.02E+05 |N/A N/A N/A
Sand/gravel 8.59E+04 1.00E+01 2 8.59E+05 [N/A N/A N/A
Concrete 1.60E+05 6.00E+00 9.63E+05 |N/A N/A N/A
Diesel 8.00E+00 1.40E+02' N/A N/A 1.12E+03 |N/A
Kerosene 5.55E+02 1.40E+02' N/A N/A 7.77E404 IN/A
NH, 1.59E+03 8.00E+02 ° N/A N/A 1.27E+4+06 |N/A
HNO, 2.80E+01 8.00E+02° N/A N/A 2.24E+04 |N/A
NaOH 1.20E+01 8.00E+02°? N/A N/A 9.60E+03 |N/A
Cement, steel and | 2.57E+02 8.00E+02* N/A N/A N/A 2.60E+05
chemicals
Closure
Grout tank Sand/gravel 1.66E+03 1.00E+01 2 1.66E+04 IN/A N/A N/A
::g‘sefr's’ g |[Concrete 3.11E+03  |6.00E+00 1.87E+04 |N/A N/A N/A
ancillary Diesel 3.83E+02 1.40E+02' N/A N/A 5.36E+04 |N/A
equipment Cement 3.00E+00 ‘| 8.00E+02 * N/A N/A N/A 2.40E+03
Gravel fill Gravel 6.21E+04 1.00E+01 2 6.21E+05 |N/A N/A N/A
tanks
Barrier Silt 3.09E+04 3.00E+01 * 9.26E+05 |N/A N/A N/A
Sand/gravel 3.47E+04 1.00E+01 2 3.47E+05 |N/A N/A N/A
Basalt 5.22E+04 3.20E+01 ° 1.67TE+06 [N/A N/A N/A
Diesel 2.39E+03 1.40E+02 ' N/A N/A 3.35E4+05 [N/A
Asphalt 5.13E+03 1.40E+02' N/A N/A 7.18E+05 |N/A
Fabric 2.00E+00 8.00E+02 2 N/A N/A 1.60E+03 |N/A
Total km 7.30E4+06 [N/A 3.80E+06 |3.21E+05
Notes:

! Round-trip distance from Tri-Cities area.

2 Round-trip distance from Pit 30 borrow site.

* Round-trip distance from Portland/Seattle area.
4 Round-trip distance from McGee Ranch borrow site.
3 Round-trip distance from Vernita Quarry borrow site.
N/A = Not applicable
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! Urban represents 5 percent of total offsite distance from Table E.7.4.3.
2 Suburban represents 5 percent of total offsite distance and 100 percent total onsite distance from Table E.7.4.3.
3 Rural represents 90 percent of total offsite distance from Table E.7.4.3.

Appendix E Risk from Accidents
Table E.7.4.4 Distance Traveled in Population Zones for the Calcination Subalternative
Mode Urban' Suburban * Rural *
Truck 1.90E+05 7.49E+06 3.42E+06
Rail 1.60E+04 1.60E+04 2.89E+05
Notes:

The expected injuries and fatalities resulting from transportation accidents associated with the Ex Situ
No Separations alternative are summarized in Table E.7.4.5.

Table E.7.4.5 Injuries and Fatalities Resulting from Truck and Rail Transportation Accidents for the
Calcination Subalternative

Mode Impact Urban Suburban Rural Total Fatalities | Total Injuries
Truck Fatality 1.42E-03 9.73E-02 1.81E-01 2.80E-01 N/A
Injury 7.03E-02 2.85E+00 2.74E+00 N/A 5.65E+00
Rail Fatality 2.73E-04 2.73E-04 4.91E-03 5.45E-03 N/A
Injury 5.29E-04 5.29E-04 9.53E-03 N/A 1.06E-02
Total 2.85E-01 5.66E+00
Employee Traffic

Employee Traffic would be the same as for Vitrification, as calculated in Section E.7.2.2, which would
result in 1.30E+03 injuries and 1.63E+01 fatalities. ‘

The number of injuries and fatalities were calculated by multiplying the total distance traveled in each
zone shown in Table E.7.4.4 by the appropriate unit risk factors shown in Table E.1.3.1. The distance
traveled in the population zones were calculated using the methodology previously discussed in

Section E.1.3.

The expected injuries and fatalities resulting from transportation accidents associated with the
calcination subalternative are summarized in Table E.7.4.5.

Cumulative Transportation Injuries and Fatalities
The cumulative nonradiological and nontoxicological injuries and fatalities incurred as a direct result of
traffic accident impacts are the sum of the truck and rail transport and employee vehicle accidents.

The employee impacts from calcination would remain the same as vitrification. The results are

summarized in Table E.7.4.6.
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Table E.7.4.6 Cumulative Injuries and Fatalities from Traffic Impacts for the Calcination Subalternative

Mode Fatalities Injuries
Truck and rail transport 2.85E-01 5.66E+00
Employee vehicle 1.63E+01 1.30E+03
Total 1.66E+01 1.30E+03

E.7.5 POST-REMEDIATION ACCIDENT

E.7.5.1 Deflagration in Storage Tank

After 99 percent of the tank waste has been removed from each tank, the probability of a tank
generating enough hydrogen to exceed the LFL is considered to be incredible.

E.7.5.2 Seismic Induced Rupture of Stabilized Tanks

As discussed in Section E.4.4.2, displacement on a fault that would increase exposure to the waste after
remediation is considered to be incredible. The tanks would most likely crack, allowing increased
infiltration to the groundwater.

For the MEI general public, the cumulative ratio of exposure to ERPG-1 values for toxic chemicals was
4.06E-02, which does not exceed the ratio of 1.0 and indicates no acute effects.

Corrosive/Irritant Impact from Chemical Exposure

For the MEI noninvolved worker located 100m (330 ft) from the accident, the cumulative ratio of
exposure to ERPG-3 values for corrosive/irritant chemicals was 9.08E+00 and exceeds 1.0, which
indicates potential irreversible health effects or death. This acute hazard index is primarily attributable
to:

J Sodium hydroxide (approximately 62 percent of the total hazard);
. Chromium (approximately 14 percent of the total hazard); and
. Calcium (approximately 13 percent of the total hazard).

For the noninvolved worker population located 290 m (950 ft) from the accident, the cumulative ratio
of exposure to ERPG-1 values for corrosive/irritant chemicals was 1.66E+00, which exceeds the ratio
of 1.0 and indicates only minor, transient effects. For the noninvolved worker population located
1,780 m (5,840 ft) from the accident, the cumulative ratio of exposure to ERPG-1 values was
2.23E-02, which does not exceed the ratio of 1.0 and indicates no acute effects.

For the MEI general public, the cumulative ratio of exposure to ERPG-1 values for corrosive/irritant
chemicals was 1.82E-02, which does not exceed the ratio of 1.0 and indicates no acute effects.

TWRS EIS E-223 ‘ Volume Four



Appendix E

Risk from Accidents

E.7.6 SUMMARY OF ACCIDENTS
The potential consequences from nonradiological and nonchemical accidents that include occupational
and transportation impacts are summarized in Table E.7.6.1 for vitrification and Table E.7.6.2 for
calcination. The LCFs associated with representative accidents for each component of the alternative
for both vitrification and calcination are summarized in Table E.7.6.3 along with the probability of the
accident. The chemical hazards associated with representative accidents for each component of the

alternative for both vitrification and calcination are summarized in Table E.7.6.4. The chemical hazard
is expressed as an exceedance of the ERPG threshold values.

Table E.7.6.1 Summary of Potential Nonradiological/Nonchemical Accident Consequences - Vitrification

Total Recordable Cases Lost Workday Cases Fatalities
Occupational Transportation Occupational Occupational Transportation
Construc-tion| Operation Truck/ Commuter [Construc-tion| Operation [Construc-tion| Operation [Truck/Raill Commuter
Rail
2.SE+03 0.1E+02 [7.8E+00 1.3E+03 6.4E+02 i.5E+02 .3E-01 1.3E+00 3.9E-01 1.6E+01
Table E.7.6.2 Summary of Potential Nonradiological/Nonchemical Accident Consequences - Calcination |
Total Recordable Cases Lost Workday Cases Fatalities |
Occupational Transportation Occupational Occupational Transportation l
Construc-tion| Opera-tion Truck/ Comm-uter [Construc-tion| Opera-tion [Construc-tion| Opera-tion [Truck/Rail] Commuter |
Rail
SE+03 1E+02 TE+00 1.3E+03 A4E+02 4.5E+02  R.3E-01 1.3E+00 R.9E-01 1.6E+01 l

Table E.7.6.3 Summary of Potential Radiological Accident Consequences - Vitrification and Calcination

Component | Hazard | Proba- Latent Cancer Fatalities
bility Worker Noninvolved Worker General Public
MEI Population MEI Population MEI Population
nominal nominal nominal nominal nominal nominal
bounding bounding bounding bounding bounding bounding
Continued ~ fpray leak R.SE-01 K.7E-02  W.7E-01 7.7E-03  P.9E-01 4.2E-05  [B.9E-02
Operation 1.0E+00 [1.0E+01 1.0E+00  [6.6E+00 0.6E-04  P.OE+00
Continued kank 1.7E-01 B.1E-02  B.1E01 3.8E-03  [5.3E-02 1.1E-05 1.0E-02
Operation *  deflagration 1OE+00 [I.OE4+01  |L.OE+00 [.9E+00  P.IE-03  |L.9E+00
etrieval lossof  R.OE-04 PB.9E-02  B.9E-01 1.3E-04  [5.5E-03 6.9E07  |1.0E-03
filtration 1.0E+00 |LOE+01  [L.7E02  B.7E-01 i 6E-05  [5.9E-02
Treatment  preached [I.OE+00 B.6E-11  B.6E-10 5.4E-13  D.OE-11 1.0E-15  R.2E-12
canister 2E-08 2E-07 3E-10  {1.2E-08 OE-13  |1.3E-09
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Table E.7.6.3 Summary of Potential Radiological Accident Consequences - Vitrification and Calcination (cont’d) I

Component | Hazard | Proba- Latent Cancer Fatalities
bility Worker Noninvolved Worker General Public
MEI Population MEI Population MEI Population
nominal nominal nominal nominal nominal nominal
bounding bounding bounding bounding bounding bounding
BDBA Earthquake (3.2E-03 ]9.7E-02 9.7E-01 2.3E-02 1.6E-01 3.5E-05 B.1E-02 ,
1.0E+00 [1.0E+01 1.0E+00 |l.1E+01 D 4E-03 R.1E+00 |
Notes:
' Number of people in exposed population
? Unstabilized tank waste storage
BDBA = Beyond design basis accident
N/A = Not applicable
Table E.7.6.4 Chemical Exposures Resulting from Potential Operations and Transportation Accidents
Component Hazard Receptor Chemical Exposure
Acute Hazard | Acute Hazard { Acute Hazard
(ERPG-1) (ERPG-2) (ERPG-3)
nominal nominal nominal
- bounding bounding bounding
Continued Mispositioned Worker population 1.3E+02., 6.8E+00., 2.7E+00,
Operations - jumper resulting in LD LD LD
waste transfer spray release.
Probability of MEI noninvolved worker |3.0E+00, <1.0 <1.0
accident is 1.0E+01,,, 5.4E+00,,, <1.0
2.5E-01 4.4E+00cx
MEI general public <1.0 <1.0 <1.0
<1.0 <1.0 <1.0
Continued Hydrogen Worker population 8.2E+00,,, 1.6E+00,, 3.8E+00c,
Operations - deflagration in 1.9E+02., 9.6E+00.,
waste tank storage | storage tank. LD LD LD
Probability of
accident is MEI noninvolved worker |1.7E+02,, 3.2E+01, 9.4E+00,,,
1.7E-01 3.8E+03, 2.0E+02, 7.9E+01,
1.2E+04,,, 2.3E+403;,, 4.5E+02,,,
9.3E+03, 4.8E+02, 1.9E+02,
Noninvolved worker 1.4E+01, <1.0 <1.0
population at 290 m
(950 ft) 4.5E+014, 8.4E+00;,, 1.7E+0;,,
3.4E+01, 1.7E+400,
Noninvolved worker <1.0 <1.0 <1.0
population at 1,780
(5,840 f1) <1.0 <1.0 <1.0
MEI general public <1.0 <1.0 <1.0
<1.0 <1.0 <1.0
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Table E.7.6.4 Chemical Exposures Resulting from Potential Operations and Transportation Accidents (cont'd)

Component Hazard Receptor Chemical Exposure
Acute Hazard | Acute Hazard | Acute Hazard
(ERPG-1) (ERPG-2) (ERPG-3)
nominal nominal nominal
bounding bounding bounding
Retrieval Loss of ventilation | Worker population 4.0E+01¢, 2.1E+00¢, <1.0

due to HEPA filter LD LD LD

blow out.

Probability of MEI noninvolved worker |1.8E+00;,, 4.4E+01, 1.7E+0l1¢,

accident is 8.3E+02,

2.0E-04 2.9E+03,, 1.5SE+03,,, 7.3E+01,,

1.2E+03, - 6.2E+01, 2.5E+01,

Noninvolved worker 3.0E+00c, <1.0 <10

population at 290 m

(950 fo) 1.0E+01;,, 5.4E+00;,, <1.0
4.4E+00.,

Noninvolved worker <l1.0 <1.0 <1.0

population at 1780 m <1.0 <1.0 <1.0

MEI general public <1.0 <1.0 <1.0
<1.0 <1.0 <1.0

Treatment - Ex situ | Canister of Worker population <1.0 <l1.0 <1.0
vitrification ynnﬁed HLW <1.0 <1.0 <1.0
inadvertently
dropped. MEI noninvolved worker | <1.0 <1.0 <1.0
Probability of <1.0 <1.0 <1.0
ident i
T OEL00 MEI general public <1.0 <1.0 <1.0
<1.0 <1.0 <1.0
Beyond Design Seismic event Worker population 2.6E+00;,, 6.2E+01, 2.5E+01¢,
Basis Accident resulting in dome 1.2E+03,
collapse of a D
storage tank. LD LD
Probability of MEI noninvolved worker |5.5E+01,, 1.4E+014,, 2.6E+00q,,
accident is 2.5E+04C/| 1.3E +03CII 5. 1E+02CII
3.2E-03 8.5E+04,, 4.4E+04;,, 2.2E+03;,
3.6E+04., 1.8E+03,, 7.3E+02,

Noninvolved worker 9.0E+01,, 4. 7TE+00¢, 1.9E+00¢,

population at 290 m

(950 o) 3.1E+02,,, 1.6E+02,,, 7.8E+00,,,
1.3E+02, 6.7E+00., 2.7E+00.,

Noninvolved worker 1.2E+00¢, <1.0 <1.0

population at 1,780

(5,840 ft) 4'1E+00Tox 2'2E+00Tm <1.0
1.7E+00¢,

MEI general public <1.0 <1.0 <1.0
3.4E+00;,, 1.8E+00;,, <1.0
1.4E+00,

Notes:
C/1 = Corrosive/irritant effects
Tox = Toxic effects
LD = Lethal dose of radiation
E-226 Volume Four

TWRS EIS




Appendix E Risk from Accidents

E.8.0 EX SITU EXTENSIVE SEPARATIONS ALTERNATIVE

The Ex Situ Extensive Separations alternative would separate waste into LAW and HLW streams.
This alternative is very similar to the Ex Situ Intermediate Separations alternative. This section
analyzes and compares the construction, and transportation risks associated with this alternative.

E.8.1 CONSTRUCTION ACCIDENTS

The construction activities associated with the Ex Situ Extensive Separations alternative are discussed in
Appendix B of the EIS. It should be noted that there are no radiological or chemical consequences
associated with construction accidents. Occupational injuries, illnesses, and fatalities resulting from
potential construction accidents are calculated in the following text.

The number of construction personnel to support the Ex Situ Extensive Separations alternative was
estimated at an average 3.71E+04 person-years (Jacobs 1996).

The total recordable injuries and illnesses, lost workday cases, and fatalities were calculated as follows:

Total Recordable Cases = (3.71E+04 person-years) - (9.75E+00 incidences/100 person-years) =
3.61E+03

Lost Workday Cases = (3.71E+04 person-years) - (2.45E+00 incidences/100 person-years) =
9.08E+02

Fatalities = (3.71E+04 person-years) - (3.20E-03 fatalities/100 person-years) = 1.19E+00

E.8.2 TRANSPORTATION ACCIDENTS
Transportation activities associated with this alternative are:

. Transport construction material to the site;

. Transporting residual SST waste and MUST waste to vitrification facility;

. Transporting earthen material from onsite borrow site to fill tank voids;

. Transporting earthen material from onsite borrow site for Hanford Barrier; and
. Employees commuting to work each day.

E.8.2.1 Radiological Consequences
The methodology for determining radiological consequences from accidents while transporting residual
SST waste and MUST waste to a vitrification facility was previously discussed in Section E.6.2.1.

The receptor dose and LCF risk resulting from the accident analysis for retrieval of MUST waste and
SST residuals are presented in Table E.8.2.1 for the integrated population and Table E.8.2.2 for the
MEI worker and MEI general public.

There would be no LCFs resulting from an accident while transporting retrieved waste onsite.
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Table E.8.2.1 Integrated Radiological Impact from Retrieval Transport Accidents

Transport Activity Population Dose (person-rem) LCF/rem LCF Risk
MUSTs 3.43E-03 4.0E-04 1.37E-06
SSTs 1.58E-02 4.0E-04 6.32E-06
Notes:

LCF = Latent cancer fatalities -
MUSTs = Miscellaneous underground storage tanks
SST = Single-shell tank

Table E.8.2.2 Maximally-Exposed Individual Radiological Impact from Retrieval Transport Accidents

Receptor Dose (rem) LCF/rem LCF Risk
MUSTs
Worker MEI 3.5E-01 4.0E-04 1.4E-04
General public MEI 1.5E-03 5.0E-04 7.5E-07
SSTs
Worker MEI 1.8E+00 4.0E-04 7.2E-04
General public MEI 7.6E-03 5.0E-04 3.8E-06

Notes:

LCF = Latent cancer fatalities

MEI = Maximally-exposed individual

MUSTs =Miscellaneous underground storage tanks
SST = Single-shell tank

E.8.2.2 Chemical Exposure

There would be no change from the Ex Situ Intermediate Separations alternative discussed in

Section 6.2.2. The general public exposure to anhydrous ammonia would exceed the ratio of exposure
to ERPG-3 by 1.24E+01 and sodium hydroxide would exceed the ratio of exposure to ERPG-1 by
2.45E+00 for corrosive/irritant chemicals. Based on the magnitude of the exceedance for anhydrous
ammonia, this exposure could potentially result in lethal effects.

E.8.2.3 Occupational Injuries and Fatalities
Truck and Rail Transportation
Injuries and fatalities resulting from direct impact of transportation accidents are analyzed in this
subsection. Rail and truck transportation activities to transport materials and supplies to the site for this
alternative were estimated in the Extensive Separations engineering data package (WHC 1995¢) and
summarized in Table E.8.2.3. |

The number of injuries and fatalities were calculated by multiplying the total distance traveled in each

zone shown in Table E.8.2.4 by the appropriate unit risk factors shown in Table E.1.3.1. The distance |
traveled in the population zones were calculated using the methodology previously discussed in

Section E.1.3.
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Table E.8.2.3 Summary of Transportation Activities for the Ex Situ Extensive Separations Alternative

Activity Cargo Trips Distance Total distance (km)
(km)
(round-trip) Onsite Offsite
Truck Rail Truck Rail
Retrieval
Waste transport | Tank waste 6.25E+02 2.00E+01 ° 1.25E+04 | N/A N/A N/A
Diesel 5.40E+01 1.40E+02"' | N/A N/A 7.56E+03 | N/A
Construction Sand/gravel 3.25E+02 1.00E+01 2 3.25E+03 | N/A N/A N/A
=1 Excavation 229E+03 | 4.00E+00 | 9.17E+03 [ N/A | N/A N/A
Backfill 2.75E+03 4.00E+00 1.10E4+04 | N/A N/A N/A
Site preparation 3.43E+02 1.60E+01 5.49E+03 | N/A N/A N/A
Concrete 6.42E+02 6.00E+00 3.85E+03 | N/A N/A N/A
Burial 1.30E+01 1.60E+01 2.08E+02 | N/A N/A N/A
Consumables 3.00E+00 1.40E+02' | N/A N/A 4.20E+02 | N/A
Cement 1.10E+01 8.00E+02°% | N/A N/A N/A 8.80E+03
Steel 2.40E+01 8.00E+02°% | N/A N/A N/A 1.92E+04
Construction Sand/gravel 5.18E+03 1.00E+01% | 5.18E+04 | N/A N/A N/A
(Annex) Concrete 9.66E+03 6.00E+00 5.80E+04 | N/A N/A N/A
Diesel 7.10E+01 140E+02' | N/A N/A 9.94E+03 | N/A
Consumables 2.40E+03 1.40E+02' | N/A N/A 3.36E4+05 | N/A
Cement and steel | 2.00E+01 8.00E+02° | N/A N/A N/A 1.60E+04
Remediation - Vitrification Plant
Construction Site preparation 8.25E+03 1.60E+01 1.32E+05 | N/A N/A N/A
Excavation 2.95E+05 4.00E+00 1.18E+06 | N/A N/A N/A
Backfill 1.39E+05 4.00E+00 5.57E+05 | N/A N/A N/A
Sand/gravel 3.86E+04 1.OOE+01% |3.86E+05 | N/A N/A N/A
Concrete 7.21E+04 6.00E+00 4.32E+05 | N/A N/A N/A
Burial 1.88E+04 1.60E+01 3.01E+05 | N/A N/A N/A
Diesel 1.98E+03 1.40E+02' | N/A N/A 2.77E+05 | N/A
Consumables 7.00E+03 | 1.40E+02' | N/A N/A | 9.80E+05 | N/A
Cement and steel | 1.87E+02 8.00E+02° | N/A N/A N/A 1.50E+05
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Table E.8.2.3 Summary of Transportation Activities for the Ex Situ Extensive Separations Alternative (cont'd)
Activity Cargo Trips Distance Total distance (km)
(km)
(round-trip) Onsite Offsite
Truck Rail Truck Rail
Operations Excavation 4.00E+05 4.00E+00 1.60E+06 | N/A N/A N/A
Backfill 1.95E+05 4.00E+00 7.79E+05 | N/A N/A N/A
Burial 6.55E+03 1.60E+01 1.OSE+05 | N/A N/A N/A
Sand/gravel 3.41E+04 1.00E+012 | 3.41E+05 | N/A N/A N/A
Concrete 6.37E+04 6.00E+00 3.82E+05 | N/A N/A N/A
Diesel 3.81E+02 1.40E+02 N/A N/A 5.33E+04 | N/A
Kerosene 9.89E+03 1.40E+02 N/A N/A 1.38E+06 | N/A
Glass form 1.58E+04 1.40E+02 ' N/A N/A 2.21E+06 | N/A
IX resins 5.60E+01 1.40E+02 ' N/A N/A 7.84E+03 | N/A
NH, 4.07E+02 8.00E+02% | N/A N/A 3.26E+05 | N/A
HNO, 2.05E+04 8.00E+02% | N/A N/A 1.64E+07 | N/A
NaOH 6.60E+03 8.00E+02° N/A N/A 5.28E+06 | N/A
Cement, steel, 4.75E+02 8.00E+02% | N/A N/A N/A 3.80E+05
and chemicals
Closure
Grout tank Sand/gravel 1.66E+03 1.00E+01 2 1.66E+04 | N/A N/A N/A
;?[n;;'sr’s’ and Concrete 3.11E+03 6.00E+00 1.87E+04 | N/A N/A N/A
ancillary .
equipment Diesel 3.83E+02 1.40E+02 ' N/A N/A 5.36E+04 | N/A
Cement 3.00E+00 8.00E.+02 3 N/A N/A N/A 2.40E+03
Gravel fill tanks | Gravel 6.21E+04 1.00E+012 | 6.21E+05 | N/A N/A N/A
Barrier Silt 4.64E+04 3.00E+01 * 1.39E+06 | N/A N/A N/A
Sand/gravel 4.76E+04 1.00E+012 | 4.76E+05 | N/A N/A N/A
Basalt 7.84E+04 3.20E+01° | 2.51E+06 | N/A N/A N/A
Diesel 3.38E+03 1.40E+02 N/A N/A 4.73E4+05 | N/A
Asphalt 7.69E+03 1.40E+02 ' N/A N/A 1.08E+06 | N/A
Fabric 2.00E+00 8.00E+02% | N/A N/A 1.60E+03 | N/A
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Table E.8.2.3 Summary of Transportation Activities for the Ex Situ Extensive Separations Alternative (cont'd)

Activity Cargo Trips Distance Total distance (km)
(km) - -
(round-trip) Onsite Offsite
Truck Rail Truck Rail
Total km 1.14E+07 | N/A 2.88E+07 | 5.76E+05
Notes:

! Round-trip distance from Tri-Cities area.
*Round-trip distance from Pit 30 borrow site.
* Round-trip distance from Portland/Seattle area.

“ Round-trip distance from McGee Ranch borrow site.

3 Round-trip distance from Vernita Quarry borrow site.
p

N/A = Not applicable

Table E.8.2.4 Distance Traveled in Population Zones for the Ex Situ Extensive Separations Alternative

Mode Urban'’ Suburban 2 Rural ?
Truck 1.44E+06 1.28E+07 2.60E+07
Rail 2.88E+04 2.88E+04 5.18E+05
Notes: '

' Urban represent 5 percent of total offsite distance from Table E.8.2.3.

2 Suburban represent 5 percent of total offsite distance and 100 percent of total onsite distance from Table E.8.2.3.
? Rural represent 90 percent of total offsite distance from Table E.8.2.3.

The expected injuries and fatalities resulting from transportation accidents associated with the Ex Situ
Extensive Separations alternative are summarized in Table E.8.2.5.

Table E.8.2.5 Injuries and Fatalities Resulting from Truck and Rail Transportation Accidents
for the Ex Situ Extensive Separations Alternative

Mode Impact Urban Suburban Rural Total Fatalities | Total Injuries
Truck Fatality 1.08E-02 1.67E-01 1.38E+00 1.55E+00 N/A
Injury 5.34E-01 4.87E+00 2.08E+01 N/A N/A
Rail Fatality 4.90E-04 4.90E-04 8.81E-03 9.79E-03 N/A
Injury 9.50E-04 9.50E-04 1.71E-02 N/A 1.90E-02
Total 1.56E+00 2.62E+01
Employee Traffic

In addition to transporting materials and supplies to and from the Hanford Site by truck and rail, site
workers and other personnel required to perform the various activities would be driving to work in
their vehicles. The total person-years to perform the activities was estimated at 8.14E+04

(Jacobs 1996). Each person was assumed to work 260 days of the year. The round-trip distance
traveled to work from the Tri-Cities area was estimated at 140 km (87 mi) with an estimated
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1.35 passengers per vehicle (DOE 1994a). The total employee vehicle distance was therefore

calculated as follows:
(8.14E+04 person-years) - (260 days/year) - (140 km/day) - (1/1.35) = 2.20E+09 km

To calculate the expected number of injuries and fatalities resulting from vehicle accidents, the
injury/fatality rates discussed in Section E.1.3 were used. The expected number of injuries and
fatalities resulting from employee vehicle accidents were calculated as follows:

Injuries = (2.20E+09 km) - (7.1E-07 injuries/km) = 1.57E+03
Fatalities = (2.20E+09 km) - (8.98E-09 fatalities’km) = 1.97E+01

Cumulative Transportation Injuries and Fatalities

The cumulative nonradiological and nontoxicological injuries and fatalities incurred as a direct result of
traffic accident impacts are the sum of the truck and rail transport and employee vehicle accidents.

The results are summarized in Table E.8.2.6.

Table E.8.2.6 Cumulative Fatalities and Injuries from Traffic Impacts for the Ex Situ
Extensive Separations Alternative

Mode Fatalities Injuries
Truck and rail transport 1.56E+00 2.62E+01
Employee vehicle 1.97E+01 1.57E+03
Total 2.13E+01 1.59E+03

E.8.3 OPERATION ACCIDENTS
The radiological and chemical operation accidents, consequences, and risk for the Ex Situ Extensive
Separations alternative are analyzed in the following subsections.

E.8.3.1 Continued Operation Accident - Tank Waste Transfers

The dominant continued operations accident during tank waste transfer is the mispositioned jumper
accident previously discussed in the No Action alternative in Section E.2.2.1 and summarized as
follows:

Source-Term - The source-term resulting from a spray release in Section E.2.2.1.1 was calculated to
be 52 L (14 gal).

Probability - The frequency of a mispositioned jumper in Section E.2.2.1.2 was 1.1E-02 per year.

The Ex Situ Extensive Separations continued operation accident was based on 26 years of operations;
therefore, the probability was calculated to be 2.9E-01.
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Radiological Consequences - The radiological consequences presented in Table E.2.2.2 are
reproduced in Table E.8.3.1.

Table E.8.3.1 Dose Consequence from Mispositioned Jumper

Receptor Dose CEDE (person-rem)
Nominal Scenario Bounding Scenario
MEI worker 5.88E+01 1.33E+03
Workers (10)' 5.88E+02 1.33E+04
MEI noninvolved worker 1.92E+01 4.35E+02
Noninvolved worker (1,835)" 7.23E+02 1.64E+04
MEI general public 8.44E-02 1.91E+00
General public (114,734)" 1.77E+02 4.01E+03

Notes:

! Number of people in exposed population,
CEDE = Committed effective dose equivalent
MEI = Maximally-exposed individual

Radiological Cancer Risk - The LCFs calculated in Section E.2.2.1.4 are the same for the Ex Situ
Extensive Separations alternative; however, the LCF point estimate risk is not the same due to the
difference in probabilities. The LCFs and the LCF risk are calculated in Table E.8.3.2. The bounding
scenario calculations show all 10 workers would potentially receive a fatal dose and assumably die
directly after the exposure if the accident occurred. There would be approximately seven LCFs in the
noninvolved worker population and two LCFs in the general public. The nominal scenario calculations
show there would be no LCFs.

Chemical Consequences _

Potential acute hazards associated with a mispositioned jumper are identical to those summarized in
Tables E.2.2.4 (toxic chemicals, nominal conditions), E.2.2.5 (toxic chemicals, bounding conditions),
E.2.2.6 (corrosive/irritant chemicals, nominal conditions) and E.2.2.7 (corrosive/irritant chemicals,
bounding conditions) for the No Action alternative.

Toxic Impact from Chemical Exposure

Under nominal conditions (Table E.2.2.4), the cumulative acute hazard ratios for the MEI worker,
MEI noninvolved worker, and MEI general public were less than 1.0, indicating that no adverse acute
health effects would be expected for these three receptors. Under bounding conditions (Table E.2.2.5),
the MEI worker was not evaluated because death would occur from exposure to radionuclides. The
cumulative acute hazard ratio for the MEI noninvolved worker was 5.36E+00 for ERPG-2, indicating
that reversible acute health effects would be expected. This acute hazard ratio was primarily
attributable to mercury (approximately 89 percent of the overall hazard ratio). No adverse acute health
effects were predicted for the MEI general public under bounding conditions.
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Table E.8.3.2 Latent Cancer Fatality Risk from Mispositioned Jumper

Receptor Dose CEDE LCF/rem LCF' Probability LCF Risk
(person-rem) (point estimate)

Nominal Scenario

MEI worker ‘ 5.88E+01 8.00E-04 4.70E-02 2.86E-01 1.35E-02
Workers (10) 2 5.88E+02 8.00E-04 4.70E-01 2.86E-01 1.35E-01
MEI noninvolved worker 1.92E+01 4.00E-04 7.68E-03 2.86E-01 2.20E-03
Noninvolved workers (1,835) 2 7.23E+02 4.00E-04 2.89E-01 2.86E-01 8.27E-02
MEI general public 8.44E-02 5.00E-04 4.22E-05 2.86E-01 1.21E-05
General public (114,734) 2 1.77E+02 5.00E-04 8.85E-02 2.86E-01 2.53E-02

Bounding Scenario

MEI worker 1.33E+03 lethal .| 1.00E+00 ) 2.86E-01 2.86E-01
Workers (10) ? 1.33E+04 lethal 1.00E+01 | 2.86E-01 2.86E+00
MEI noninvolved worker 4.35E+02 lethal 1.00E+00 | 2.86E-01 2.86E-01
Noninvolved workers (1,835) ? 1.64E+04 4.00E-04 6.56E+00 | 2.86E-01 1.88E+00
MEI general public 1.91E+00 5.00E-04 9.55E-04 2.86E-01 2.73E-04
General public (114,734) 2 4.01E+03 5.00E-04 2.01E+00 | 2.86E-01 5.73E-01
Notes:

!'Total number of fatal cancers if the accident occurs.
2 Number of people in exposed population.

CEDE = Committed effective dose equivalent

LCF = Latent cancer fatality

MEI = Maximally-exposed individual

Corrosive/Irritant Impact from Chemical Exposure

Under nominal conditions (Table E.2.2.6), the cumulative acute hazard ratio for the MEI worker was -
2.70E+00 for ERPG-3, indicating the potential for irreversible health effects that could be life
threatening. This acute hazard ratio was almost entirely attributable to sodium assumed to be
equivalent to sodium hydroxide in corrosive/irritant effects. For the MEI noninvolved worker, the
cumulative acute hazard ratio for ERPG-1 was 3.00E+00, indicating that only mild reversible irritant
effects would be expected. No acute health impacts were predicted for the MEI general public under
nominal conditions. Under bounding conditions (Table E.2.2.7), the MEI worker was not evaluated
because death would occur from exposure to radionuclides. For the MEI noninvolved worker, the
cumulative acute hazard ratio for ERPG-1 was 4.36E+00, indicating that only mild reversible irritant
effects would be expected. No acute health impacts were predicted for the MEI general public under
bounding conditions.

Under both nominal and bounding conditions, the probability of a mispositioned jumper is 2.86E-01.
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E.8.3.2 Continued Operations Accident - Waste Storage Tanks
The dominant accident is a hydrogen deflagration in a waste storage tank previously discussed in the
No Action alternative in Section E.2.2.2.1 and is summarized as follows:

Source-Term - The source-term resulting from the fire in Section E.2.2.2.1 was calculated to be 2.4 L
(0.6 gal).

Probability - The frequency of the hydrogen deflagration in a waste storage tank in Section E.2.2.2
was estimated to be 7.2E-03 per year. The probability of the scenario based on 26 years of operation

was therefore estimated to be 1.9E-01.

Radiological Consequences - The radiological consequences presented in Table E.2.2.8 are
reproduced in Table E.8.3.3.

Table E.8.3.3 Dose Consequence from Hydrogen Deflagration in Waste Storage Tank

Receptor Dose CEDE (person-rem)
Nominal Scenario Bounding Scenario
MEI worker 3.91E+01 7.31E+03
Workers (10)" 3.91E+02 7.31E+04
MEI noninvolved worker 9.40E+00 1.76E+-03
| Noninvolved worker (1,835)" 1.32E+02 2.47E+04
MEI general public 2.28E-02 4.26E+00
General public (114,734)" ‘ 1.99E+01 3.72E+03

Notes:

! Number of people in exposed population.
CEDE = Committed effective dose equivalent
MEI = Maximally-exposed individuals

Radiological Cancer Risk - The LCFs calculated in Section E.2.2.2.4 are the same for the Ex Situ
Extensive Separations alternative. However, the LCF risk (point estimate) is not the same due to the
difference in probabilities. The LCF and LCF risk are calculated in Table E.8.3.4.

In the bounding scenario all 10 workers would potentially receive a fatal dose and assumably die
directly after the exposure. There would be 10 LCFs attributed to the exposure to the noninvolved
workers and 2 LCFs to the general public if the accident occurred. The nominal scenario calculations
show there would be no LCFs.

Chemical Consequences

Potential acute hazards associated with a hydrogen burn in a waste storage tank are identical to those
summarized in Tables E.2.2.10 (toxic chemicals, nominal conditions), E.2.2.11 (toxic chemicals,
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Table E.8.3.4 Latent Cancer Fatality Risk from Hydrogen Deflagration in Waste Storage Tank

Receptor Dose CEDE LCF/rem LCF' Probability LCF Risk
(person-rem) (point estimate)

Nominal Scenario

MEI worker 3.91E+01 8.00E-04 3.13E-02 1.87E-01 5.85E-03
Workers (10) 2 3.91E+02 8.00E-04 3.13E-04 1.87E-01 5.85E-02
MEI noninvolved worker 9.40E+00 4.00E-04 3.76E-03 1.87E-01 7.03E-04
Noninvolved workers (1,835) * 1.32E+02 4.00E-04 5.28E-02 1.87E-01 9.87E-03
MEI general public 2.28E-02 5.00E-04 1.14E-05 1.87E-01 2.13E-06
General public (114,734) 2 1.99E+01 5.00E-04 9.95E-03 1.87E-01 1.86E-03

Bounding Scenario

MEI worker 7.31E+03 lethal 1.00E+00 1.87E-01 1.87E-01
Workers (10) 2 7.31E+04 lethal 1.00E+01 1.87E-01 1.87E+00
MEI noninvolved worker 1.76E+03 lethal 1.00E+00 1.87E-01 1.87E-01
Noninvolved workers (1,835) ? 2.47E+04 4.00E-04 9.88E+00 1.87E-01 1.85E+00
MEI general public 4.26E+00 5.00E-04 2.13E-03 1.87E-01 3.98E-04
General public (114,734) ? 3.72E+03 5.00E-04 1.86E-00 1.87E-01 3.48E-01
Notes:

! Total number of fatal cancers if the accident occurs.
 Number of people in exposed population.

CEDE = Committed effective dose equivalent

LCF = Latent cancer fatality

MEI = Maximally-exposed individual

bounding conditions), E.2.2.12 (corrosive/irritant chemicals, nominal conditions) and E.2.2.13
(corrosive/irritant chemicals, bounding conditions) for the No Action alternative.

Under bounding conditions, chemical impacts were not evaluated for the MEI worker because all
workers would receive a lethal radiation dose, as discussed previously.

Toxic Impacts for Chemical Exposure

Under nominal conditions (Table E.2.2.10), the cumulative acute hazard ratio for the MEI worker was
1.57E+00 for ERPG-2, indicating that reversible acute health effects would be expected. This acute
hazard ratio was primarily attributable to TOC (approximately 87 percent of the overall ERPG-2 ratio).
The TOC is assumed to be equivalent in toxicity to tributylphosphate, which is the most acutely toxic
constituent of the organic analytes identified. Tributylphosphate was used as a surrogate because an
inventory of the various chemicals that make up the TOC class is not available. For the MEI
noninvolved worker, the cumulative acute hazard ratio for ERPG-3 was 9.38E+00, indicating the
potential for irreversible health effects that could be life threatening. This acute hazard ratio was also
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primarily attributable to TOC (approximately 90 percent of the overall ERPG-3 ratio). However, the
MEI noninvolved worker is a hypothetical worker assumed to be located 100 m (330 ft) from the
source area. The nearest noninvolved worker population is located 290 m (950 ft) from the source area
and had no cumulative acute hazard ratios greater than 1.0 for any of the ERPGs, indicating that no
acute health effects would be expected for the nearest noninvolved worker population. Likewise, no
acute health effects were predicted for the MEI general public under nominal conditions.

Under bounding conditions (Table E.2.2.11), the cumulative acute hazard ratio for the MEI
noninvolved worker was 4.54E+02 for ERPG-3, indicating the potential for irreversible health effects
that could be life-threatening. This acute hazard ratio is primarily attributable to:

. Oxalate (approximately 37 percent of the total hazard ratio);

. Beryllium (approximately 13 percent of the total hazard ratio);

. Cadmium (approximately 14 percent of the total hazard ratio);

. Uranium (approximately 12 percent of the total hazard ratio); and
. TOC (approximately 8 percent of the total hazard ratio).

As discussed previously, this is a hypothetical receptor located 100 m (330 ft) from the source. The
cumulative acute hazard ratio for the nearest noninvolved worker population located 290 m (950 ft)
from the source was 1.65E+00 for ERPG-3, indicating the potential for irreversible health effects that
could be life threatening for 335 workers. This hazard ratio was attributable to the same toxic
chemicals listed above. This exceedance of the ERPG-3 criterion for the nearest noninvolved worker
population would not be expected to result in irreversible health effects or place these workers in a life-
threatening situation for the following reasons.

. ERPG-3 is defined as a concentration in which a receptor can be exposed for 1 hour
without irreversible health effects. Because the Hanford Site has an in-place
emergency response plan designed to evacuate workers within 1 hour of an accident,
workers would be expected to evacuate their location and move to an area where
potential exposures would be well below ERPG-3. Therefore, this worker population
would not be exposed to airborne concentrations that would be either life threatening or
result in irreversible health effects.

. The estimated air concentrations of chemicals as a result of this accident were based on
very conservative meteorology, which results in movement of a plume directly toward
the worker population at a relatively slow rate with minimal wind dispersion. If less
conservative meteorological parameters were used, wind dispersion would cause the
estimated air concentrations of chemicals to be substantially less, and the ERPG-3

. criterion would not be exceeded.

. Only the bounding toxic chemical evaluation exceeded ERPG-3, while the nominal
evaluation was well below 1.00E+00 for ERPG-3, suggesting that the noninvolved
worker population would not receive an exposure that would result in any permanent
health effects.
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The next nearest noninvolved worker population is located 1,780 m (5,840 ft) from the source and
contains 1,500 workers. The cumulative acute hazard ratio was less than 1.0 for all ERPGs, indicating
that no acute health effects would be expected for this population of workers. No acute health impacts
were predicted for the MEI general public.

Corrosive/Irritant Impact from Chemical Exposure

Under nominal conditions (Table E.2.2.12), the cumulative acute hazard ratio for the MEI worker was
3.82E+00 for ERPG-3, indicating the potential for irreversible corrosive/irritant effects that could be
life threatening. For the MEI noninvolved worker, the cumulative acute hazard ratio for ERPG-3 was
7.89E+01 and would indicate irreversible corrosive/irritant effects that could be life threatening for
this hypothetical receptor. This hazard ratio was primarily attributable to sodium, which was assumed
to be equivalent to sodium hydroxide in corrosive/irritant effects. For the nearest noninvolved worker
population (290 m [950 ft]) composed of 335 workers, the cumulative acute hazard ratio for ERPG-1
was 1.38E+01, indicating that only mild, reversible effects would be expected. No acute health
impacts were predicted for the MEI general public under nominal conditions.

Under bounding conditions (Table E.2.2.13), the cumulative acute hazard ratio for the MEI
noninvolved worker was 1.91E+02 for ERPG-3, indicating irreversible health effects that could be life
threatening for this hypothetical receptor. This hazard ratio was primarily attributable to:

. Sodium as sodium hydroxide (approximately 75 percent of the total hazard ratio);
. Chromium (approximately 14 percent of the total hazard ratio); and
. Calcium (approximately 6 percent of the total hazard ratio).

For the nearest noninvolved worker population (290 m [950 {t]) composed of 335 workers, the
cumulative acute hazard ratio was 1.74E+00 for ERPG-2, indicating that reversible acute effects
would be expected. No acute health impacts were predicted for the MEI general public under nominal
conditions.

Under both nominal and bounding conditions, the probability of a hydrogen deflagration event in a
waste storage tank is 1.87E-01.

E.8.3.3 Retrieval Accidents
. The dominant retrieval operations accident is the loss of filtration accident previously discussed in the
Ex Situ Intermediate Separations alternative in Section E.6.3.3 and is summarized as follows:

Source-Term - The source-term resulting from the airborne release in Section E.6.3.3.1 was calculated
to be 2.5E-01 L (6.6E-02 gal).

Probability - The frequency of a loss of filtration in Section E.6.3.3.2 was 8.8E-06 per year.

The Ex Situ Extensive Separations retrieval activity was based on 26 years of operations; therefore, the
probability was calculated to be 2.3E-04.
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Radiological Consequences - The radiological consequences presented in Section 6.3.3.3 are
reproduced in Table E.8.3.5.

Table E.8.3.5 Dose Consequence from Loss of Filtration

Receptor Dose CEDE (person-rem)
Nominal Scenario Bounding Scenario

MEI worker 4.89E+01 3.26E+03
Workers (10)' 4.89E+02 3.26E+04
MEI noninvolved worker 3.22E-01 2.14E+01
Noninvolved worker (1,835)! 1.37E+01 9.16E+02
MEI general public 1.38E-03 9.22E-02

General public (114,734) 2.07E+00 1.38E+02

Notes: : .
! Number of people in exposed population. -
CEDE = Committed effective dose equivalent
MEI = Maximally-exposed individual

Radiological Cancer Risk - The LCFs and the LCF point estimate risk were calculated for the
receptors and presented in Table E.8.3.6. '

In the bounding scenario all 10 workers would potentially receive a fatal dose and assumably die
directly after the exposure. The calculations show there would be less than one LCF attributed to the
exposure to the noninvolved workers and the general public if the accident occurred. The nominal
scenario calculations show there would be no LCFs.

Chemical Consequences

The chemical exposure to the receptors from the postulated accident was calculated in Appendix A of
the accident data package (Shire et al. 1995 and Jacobs 1996) and summarized in the exposure column
in Tables E.6.3.8 and E.6.3.9 for the nominal and bounding toxic effects, respectively, and Tables
E.6.3.10 and E.6.3.11 for the nominal and bounding corrosive/irritant effects, respectively. The tables
compare the concentration of postulated chemical releases to acute exposure criteria (ERPGs) discussed
in Section 1.1.7.

Under bounding conditions, chemical impacts were not evaluated for the MEI worker because all
workers would receive a lethal radiation dose, as discussed previously.

Toxic Impact from Chemical Exposure

Under nominal conditions (Table E.6.3.8), the cumulative acute hazard ratio for the MEI worker was
less than 1.0 for all ERPGs, indicating that no adverse acute health effects would be expected. For the
MEI noninvolved worker, the cumulative acute hazard ratio was 1.84E+00 for ERPG-1, indicating
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Table E.8.3.6 Latent Cancer Fatality Risk from Loss of Filtration
Receptor Dose CEDE LCF/rem LCF' Probability LCF Risk
(person-rem) (point estimate)

Nominal Scenario

MEI worker 4.89E+01 8.00E-04 3.91E-02 2.29E-04 8.96E-06

Workers (10) 2 4.89E+02 8.00E-04 3.91E-01 2.29E-04 8.96E-05

MEI noninvolved worker 3.22E-01 4.00E-04 1.29E-04 2.29E-04 2.95E-08

Noninvolved workers (1,835) 2 1.37E+01 4.00E-04 5.48E-03 2.29E-04 1.25E-06

MEI general public 1.38E-03 5.00E-04 6.90E-07 2.29E-04 1.58E-10

General public (114,734) ? 2.07E+00 5.00E-04 1.04E-03 2.29E-04 2.37E-07
Bounding Scenario

MEI worker 3.26E+03 lethal 1.00E+00 | 2.29E-04 2.29E-04

Workers (10) ? 3.26E+04 lethal 1.00E+01 2.29E-04 2.29E-03

MEI noninvolved worker 2.14E+01 8.00E-04 1.71E-02 2.29E-04 3.92E-06

Noninvolved workers (1,835) ? 9.16E+02 4.00E-04 3.66E-01 2.29E-04 8.39E-05

MEI general public 9.22E-02 5.00E-04 4.61E-05 2.29E-04 1.06E-08

General public (114,734) 2 1.38E+02 5.00E-04 6.90E-02 2.29E-04 1.58E-05

Notes:

! Total number of fatal cancers if the accident occurs.
2 The number of people in exposed population.
CEDE = Committed effective dose equivalent

LCF = Latent cancer fatality

MEI = Maximally-exposed individual

that only mild, transient acute health effects would be expected. No acute health effects were predicted
for the MEI general public under nominal conditions.

Under bounding conditions (Table E.6.3.9), the cumulative acute hazard ratio for the MEI noninvolved
worker was 7.27E+01 for ERPG-3, indicating the potential for irreversible health effects that could be
life-threatening. This acute hazard ratio is primarily attributable to:

. Uranium (approximately 48 percent of the total hazard ratio);

. Oxalate (approximately 24 percent of the total hazard ratio);

. Mercury (approximately 13 percent of the total hazard ratio); and
. TOC (approximately 7 percent of the total hazard ratio).

As discussed previously, this is a hypothetical receptor located 100 m (330 ft) from the source. The
cumulative acute hazard ratio for the nearest noninvolved worker population (335 workers) located
290 m (950 ft) from the source was 5.40E+00 for ERPG-2, indicating that reversible acute health
effects would be expected. No acute health impacts were predicted for the MEI general public.
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Corrosive/Irritant Impact from Loss of Filtration

Under nominal conditions (Table E.6.3.10), the cumulative acute hazard ratio for the MEI worker was
2.11E+00 for ERPG-2, indicating that reversible corrosive/irritant effects would be expected. For the
MEI noninvolved worker, the cumulative acute hazard ratio for ERPG-3 was 1.72E+01 and would
indicate irreversible corrosive/irritant effects that could be life threatening for this hypothetical
receptor. This hazard ratio was primarily attributable to sodium, which was assumed to be equivalent
to sodium hydroxide in corrosive/irritant effects. For the nearest noninvolved worker population

(290 m [950 ft]) composed of 335 workers, the cumulative acute hazard ratio for ERPG-1 was
3.02E+00, indicating that only mild, transient irritant effects would be expected. No acute health
impacts were predicted for the MEI general public under nominal conditions.

Under bounding conditions (Table E.6.3.11), the cumulative acute hazard ratio for the MEI
noninvolved worker was 2.47E+01 for ERPG-3, indicating irreversible health effects that could be life
threatening for this hypothetical receptor. This hazard ratio was primarily attributable to:

. Sodium as sodium hydroxide (approximately 82 percent of the total hazard ratio); and

. Calcium (approximately 9 percent of the total hazard ratio).

For the nearest noninvolved worker population (290 m [950 ft]) composed of 335 workers, the
cumulative acute hazard ratio was 4.38E+-00 for ERPG-1, indicating that only mild, transient irritant
effects would be expected. No acute health impacts were predicted for the MEI general public under
nominal conditions.

Under both nominal and bounding conditions, the probability of a loss of filtration event is 2.29E-04.

E.8.3.4 Pretreatment Accidents

The dominant pretreatment operations accident is the seismic induced line break in vault accident
previously discussed in the Ex Situ Intermediate Separations alternative in Section E.6.3.4 and is
summarized as follows:

Source-Term - The source-term resulting from the airborne release in Section E.6.3.4.1 was calculated
to be 7.3E-02 L (1.9E-02 gal).

Probability - The annual exceedance frequency of the seismic event in Section E.6.3.4.2 was 6.5E-05
per year. The Ex Situ Extensive Separations alternative was based on 26 years of operations,
therefore, the probability was calculated to be 1.7E-02.

Radiological Consequences - The radiological consequences presented in Section 6.3.4.3 are
reproduced in Table E.8.3.7.

Radiological Cancer Risk - The LCFs and the LCF point estimate risk were calculated for the
receptors and presented in Table E.8.3.8. The calculations show there would be no LCFs attributable
to this exposure if the accident occurs for the bounding and nominal scenarios.
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Table E.8.3.7 Dose Consequence from Seismic Induced Line Break in Vault
Receptor Dose CEDE (person-rem)
Nominal Scenario Bounding Scenario

MEI worker 1.84E+00 6.97E+00

Workers (10)" - 1.84E+01 6.97E+01

MEI noninvolved worker 2.74E-02 1.04E-01

Noninvolved worker (1,835)" 1.03E+00 3.92E+00

MEI general public 1.20E-04 4.57E-04

General public (114,734)" 2.53E-01 9.60E-01

Notes:

' Number of people in exposed population,
CEDE = Committed effective dose equivalent

MEI = Maximally-exposed individual

Table E.8.3.8 Latent Cancer Fatality Risk from Seismic Induced Line Break in Vault

Receptor

Dose CEDE
(person-rem)

LCF/rem LCF' Probability LCF Risk
(point estimate)

Nominal Scenario

MEI worker 1.84E+00 4.00E-04 7.36E-04 1.69E-02 1.24E-05
Workers (10) * 1.84E+01 4.00E-04 7.36E-03 1.69E-02 1.24E-04
MEI noninvolved worker 2.74E-02 4.00E-04 1.10E-05 1.69E-02 1.85E-07
Noninvolved workers (1,835) ? 1.03E+00 4.00E-04 4.12E-04 1.69E-02 6.96E-06
MEI general public 1.20E-04 5.00E-04 6.00E-08 1.69E-02 1.01E-09
General public (114,734) ? 2.53E-01 5.00E-04 1.27E-04 1.69E-02 2.14E-06

Bounding Scenario

MEI worker 6.97E+00 4.00E-04 2.79E-03 1.69E-02 4.71E-05
Workers (10) 2 6.97E+01 4.0E-04 2.79E-02 1.69E-02 4.71E-04
MEI noninvolved worker 1.04E-01 4.00E-04 4.16E-05 1.69E-02 7.03E-07
Noninvolved workers (1,835) ? 3.92E+00 4.00E-04 1.57E-03 1.69E-02 2.65E-05
MEI general public 4.57E-04 5.00E-04 2.29E-07 1.69E-02 3.86E-09
General public (114,734) ? 9.60E-01 5.00E-04 4.80E-04 1.69E-02 8.11E-06
Notes:
""Total number of fatal cancers if the accident occurs.
? Number of people in exposed population.
CEDE = Committed effective dose equivalent
LCF = Latent cancer fatality
MEI = Maximally-exposed individual
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Chemical Consequences

The chemical exposure to the receptors from the postulated accident was calculated in Appendix A of
the accident data package (Shire et-al. 1995 and Jacobs 1996) and summarized in the exposure column
in Tables E.6.3.14 and E.6.3.15 for the nominal and bounding toxic effects, respectively, and Tables
E.6.3.16 and E.6.3.17 for the nominal and bounding corrosive/irritant effects, respectively. The tables
compare the concentration of postulated chemical releases to acute exposure criteria (ERPGs) discussed
in Section 1.1.7.

Toxic Impact from Chemical Exposure

Under nominal conditions (Table E.6.3.14), the cumulative acute hazard ratios for the MEI worker,
MEI noninvolved worker, and MEI general public were less than 1.0, indicating that no adverse acute
health effects would be expected for these three receptors. Under bounding conditions (Table
E.6.3.15), the cumulative acute hazard ratios for the MEI worker, MEI noninvolved worker, and MEI
general public were less than 1.0, indicating that no adverse acute health effects would be expected for
these three receptors.

Corrosive/Irritant Impact from Chemical Exposure

Under nominal conditions (Table E.6.3.16), the cumulative acute hazard ratios for the MEI worker,
MEI noninvolved worker, and MEI general public were less than 1.0, indicating that no adverse acute
health effects would be expected for these three receptors. Under bounding conditions (Table
E.6.3.17), the cumulative acute hazard ratios for the MEI worker, MEI noninvolved worker, and MEI
general public were less than 1.0, indicating that no adverse acute health effects would be expected for
these three receptors.

Under both nominal and bounding conditions, the probability of a pretreatment spray release is
1.69E-02.

E.8.3.5 Treatment Accidents

The dominant treatment operations accident is the "canister of vitrified HLW inadvertently drops and
ruptures” accident previously discussed in the Ex Situ Intermediate Separations alternative in Section
E.6.3.5 and is summarized as follows:

Source-Term - The source-term resulting from the airborne release in Section E.6.3.5.1 was calculated
to be 2.5E-06 g (8.8E-08 o0z).

Probability - The frequency of the accident in Section E.6.3.5.2 was 6.0E-01 per year. The Ex Situ
Extensive Separations alternative was based on 26 years of operations; therefore, the probability was
calculated to be 1.0E+00.

Radiological Consequences - The radiological consequences presented in Section 6.3.5.3 are

reproduced in Table E.8.3.9.
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Table E.8.3.9 Dose Consequence from Breached Canister

Receptor Dose CEDE (person-rem)
Nominal Scenario Bounding Scenario
MEI worker 4.53E-08 2.72E-05
Workers (10)’ 4.53E-07 2.72E-04
MEI noninvolved worker 6.77E-10 4.06E-07
Noninvolved worker (1,835)’ 2.55E-08 1.53E-05
MEI general public 1.00E-12 , 6.01E-10
General public (114,734)" 2.23E-09 1.34E-06

Notes:

' Number of people in exposed population.
CEDE = Committed effective dose equivalent
MEI = Maximally-exposed individual

Radiological Cancer Risk - The LCFs and the LCF point estimate risk were calculated for the
receptors and presented in Table E.8.3.10. The calculations show there would be no LCFs attributable
to this exposure if the accident occurs.

Chemical Consequences - No chemical consequences were evaluated (Shire et al. 1995 and Jacobs
1996) since the release would pass through two-stage HEPA filters that would reduce the source-term
to a very small amount, well below the cumulative ratio of exposure to ERPG-1 values for toxic or
corrosive/irritant chemicals.

E.8.3.6 Beyond Design Basis Accidents

The beyond design basis accident is a seismic event resulting in the collapse of a SST. In the event of a
0.43 g earthquake, a SST could potentially collapse (LANL 1995). This event is not dependent on the
remediation alternative but has the same annual frequency regardless of the alternative that is chosen.
The length of time unremediated waste would remain in tanks that have not been backfilled would vary
depending on the alternative and would affect the probability of the event. The probability of the event
is the product of the annual frequency of the earthquake and the number of years the waste remains
untreated in the unstabilized tanks.

At smaller annual frequencies, larger earthquakes could occur resulting in greater destruction and
larger numbers of LCF to the onsite and offsite populations. In addition to population exposures from
the collapsed SSTs, the impact to other Hanford Site facilities and operations would potentially add to
the chemical and radiological risk. This would be a severe earthquake that would cause catastrophic
structural damage in the Tri-Cities and the Hanford Site with expected extensive loss of life. There
would be injuries and fatalities resulting from collapsed buildings and homes, fires, and traffic
accidents. However, this section evaluates the radiological and chemical impacts resulting from the

collapse of one SST.
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Table E.8.3.10 Latent Cancer Fatality Risk from Breached Canister

Receptor Dose CEDE | LCF/rem LCF' Probability LCF Risk
(person-rem) (point estimate)

Nominal Scenario

MEI worker 4.53E-08 4.00E-04 1.81E-11 | 1.00E+00 1.81E-11
Workers (10) 2 4.53E-07 4.00E-04 1.81E-10 | 1.00E+00 1.81E-10
MEI noninvolved worker 6.77E-10 4.00E-04 2.71E-13 | 1.00E+00 2.71E-13
Noninvolved workers (5,500) 2.55E-08 4.00E-04 1.02E-11 1.00E+00 1.02E-11
MEI general public 1.00E-12 5.00E-04 5.00E-16 | 1.00E+00 5.00E-16
General public (114,734) 2.23E-09 5.00E-04 1.12E-12 | 1.00E+00 1.12E-12

Bounding Scenario

MEI worker 2.72E-05 4.00E-04 1.09E-08 | 1.00E+00 1.09E-08
Workers (10) 2.72E-04 4.00E-04 1.09E-07 | 1.00E+00 1.09E-07
MEI noninvolved worker 4.06E-07 4.00E-04 1.62E-10 { 1.00E+00 1.62E-10
Noninvolved workers (5,500) 2 1.53E-05 4.00E-04 6.12E-09 1.00E+00 6.12E-09
MEI general public 6.01E-10 5.00E-04 3.01E-13 | 1.00E+00 3.01E-13
General public (114,734) 2 1.34E-06 5.00E-04 6.70E-10 | 1.00E+00 6.70E-10
Notes:

! Total number of fatal cancers if the accident occurs.
? Number of people in exposed population.

CEDE = Committed effective dose equivalent

LCF = Latent cancer fatality

MEI = Maximally-exposed individual

E.8.3.6.1 Source-Term Development

It was conservatively assumed that the radiological and chemical contaminants in the headspace are
available for release. The collapse of a portion of the dome and overburden compresses the vapor in
the headspace as it descends, enhancing the vapor release rate by a sudden pressure difference.
Assuming for each tank a respirable concentration of contaminants in the headspace of 100 mg/m’, a
liquid SpG of 1.5, and a headspace volume of 1,000 m’ (Shire et al. 1995 and Jacobs 1996), the
potential source-term contribution from the headspace release was calculated as follows:

(100 mg/m®) - (1 g/1,000 mg) - (1 L/1,000 g) - (1,000 m?) - (1/1.5) = 6.67E-02 L (1.8E-02 gal).

It was conservatively assumed that the liquids had been pumped from the tanks so that the tanks
contained only solids and the MAR was 2,500 L (660 gal) for each tank. It was postulated that the fall
of the dome and overburden generated an air movement sufficient to suspend a fraction the MAR.
Assuming the respirable release fraction to be 2.0E-03 (Shire et al. 1995 and Jacobs 1996), the
potential source-term contribution was calculated as follows:

(2,500 L) - (2.0E-03) = 5L (1.3 gal).
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It was postulated that prevailing winds resuspend a respirable fraction of the MAR (2,500 L [660 gal]).
A respirable release fraction of 4.0E-05/hr for 24 hours was assumed. The potential source-term
contribution from resuspension was calculated as follows:

(2,500 L) - (4.0E-05/hr) - (24 hr) = 2.4 L (0.6E-01 gal).

The combined source-term for the acute release is calculated as follows:
(6.67E-02L) + (5.0L) + 24L) =7.4L (2.0 gal).

E.8.3.6.2 Probability of a Bevond Design Basis Earthquake
This earthquake has a calculated annual exceedance frequency of approximately 1.40E-04 (WHC
1996b). The probability for this scenario based on 26 years of operation was therefore estimated to be

3.6E-3.

nsequen Be ign Basi
The radiological dose to the receptors from the previous source-term was calculated by the GENII
computer code (Napier et al. 1988) using the methodology previously discussed in Section E.1.1.6.
The results are presented in Table E.8.3.11.

ign Basi uake
The LCFs and LCF point estimate risk are presented in Table E.8.3.12.

In the bounding scenario, all 10 workers would potentially receive a fatal dose and assumably die
directly after the exposure. There would also be 10 LCFs attributed to the exposure to the noninvolved
workers and two LCFs to the general public if the accident occurred. The nominal scenario
calculations show there would be no LCFs.

onsequen T evond Design Basis hqua
Potential acute hazards associated with a beyond design basis earthquake are identical to those
summarized in Tables E.2.2.16 (toxic chemicals, nominal conditions), E.2.2.17 (toxic chemicals,
bounding conditions), E.2.2.18 (corrosive/irritant chemicals, nominal conditions) and E.2.2.19
(corrosive/irritant chemicals, bounding conditions) for the No Action alternative.

Under bounding conditions, chemical impacts were not evaluated for the MEI worker because all
workers would receive a lethal radiation dose, as described previously.

Toxic Impact from Chemical Exposure

Under nominal conditions, the cumulative acute hazard ratio for the MEI worker was 2.64E +00 for
ERPG-1, indicating that only mild transient effects would be expected. For the MEI noninvolved
worker, the cumulative acute health hazard was 2.59E+00 for ERPG-3, indicating the potential for
irreversible health effects that could be life threatening. This acute hazard ratio was primarily
attributable to TOC (approximately 84 percent of the total hazard ratio). The TOC is assumed to be
equivalent in toxicity to tributylphosphate, which is the most acutely toxic constituent of the organic
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Table E.8.3.11 Dose Consequence from Seismic Event
Receptor Dose CEDE (person-rem)
Nominal Scenario Bounding Scenario
MEI worker 1.21E+02 8.04E+03
Workers (10) ' 1.21E+03 8.04E+04
MEI noninvolved worker 2.90E+01 1.93E+03
Noninvolved worker (1,835) ! 4.07E+02 2.71E+04
MEI general public 7.03E-02 4.68E+00
General public (114,734) ! 6.14E+01 4.09E+03

Notes:

! Number of people in exposed population.
CEDE = Committed effective dose equivalent

MEI = Maximally-exposed individual

Table E.8.3.12 Latent Cancer Fatality Risk from Seismic Event

Receptor Dose person- LCF/rem LCF! Probability LCF Risk point-
rem estimate

Nominal Scenario

MEI worker 1.21E+02 8.00E-04 9.68E-02 3.64E-03 3.52E-04

Workers (10) ? 1.21E+03 8.00E-04 9.68E-01 3.64E-03 3.52E-03

MEI noninvolved worker 2.90E+01 8.00E-04 2.32E-02 3.64E-03 8.44E-05

Noninvolved workers (1,835) ? | 4.07E+02 4.00E-04 1.63E-01 3.64E-03 5.93E-04

MEI general public 7.03E-02 5.00E-04 3.52E-05 3.64E-03 1.28E-07

General public (114,734) 6.14E+01 5.00E-04 3.07E-02 3.64E-03 1.12E-04
Bounding Scenario

MEI worker 8.04E+03 lethal 1.00E+00 3.64E-03 3.64E-03

Workers (10) 2 8.04E+04 lethal 1.00E+01 3.64E-03 3.64E-02

MEI noninvolved worker 1.93E+03 lethal 1.00E+00 3.64E-03 3.64E-03

Noninvolved workers (1,835) 2 | 2.71E+04 4.00E-04 1.08E+01 3.64E-03 3.95E-02

MEI general public 4.68E+00 5.00E-04 2.34E - 03 3.64E-03 8.52E-06

General public (114,734) 2 4.09E+03 5.00E-04 2.05E+00 3.64E-03 7.44E-03

Notes:

! Total number of fatal cancers if the accident occurs.
2 Number of people in exposed population.
CEDE = Committed effective dose equivalent

LCF = Latent cancer fatality
MEI = Maximally-exposed individual

analytes identified. Tributylphosphate was used as a surrogate because an inventory of the various
chemicals that make up the TOC class is not available. The cumulative acute hazard ratio, for the
nearest noninvolved worker population consisting of 335 workers located 290 m (950 ft) away, was
less than 1.0 for all ERPGs, suggesting that no acute health effects would be expected.
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Under bounding conditions (Table E.2.2.17), the cumulative hazard ratios for the MEI and nearest
noninvolved worker (335 workers located 290 m [950 ft] away) were 2.15E+03 and 7.80E+01 for
ERPG-3, respectively. These ratios were primarily attributable to:

. Uranium (approximately 47 percent of the total hazard ratio);
. Oxalate (approximately 24 percent of the total hazard ratio); and
. Mercury (approximately 13 percent of the total hazard ratio).

This exceedance of the ERPG-3 criterion for the nearest noninvolved worker population would not be
expected to result in irreversible health effects or place these workers in a life-threatening situation for
the following reasons.

. ERPG-3 is defined as a concentration in which a receptor can be exposed for 1 hour

“without irreversible health effects. Because the Hanford Site has an in-place
emergency response plan designed to evacuate workers within 1 hour of an accident,
workers would be expected to evacuate their location and move to an area where
potential exposures would be well below ERPG-3. Therefore, this worker population
would not be exposed to airborne concentrations that would be either life threatening or
result in irreversible health effects.

. The estimated air concentrations of chemicals as a result of this accident were based on
very conservative meteorology, which results in movement of a plume directly toward
the worker population at a relatively slow rate with minimal wind dispersion. If less
conservative meteorological parameters were used, wind dispersion would cause the
estimated air concentrations of chemicals to be substantially less, and the ERPG-3
criterion would not be exceeded.

. Only the bounding toxic chemical evaluation exceeded ERPG-3, while the nominal
evaluation was well below 1.00E+00 for ERPG-3, suggesting that the noninvolved
worker population would not receive an exposure that would result in any permanent
health effects.

The cumulative acute hazard ratio for the next nearest noninvolved worker population, composed of
1,500 people and located 1,780 m (5,840 ft) away, was 2.15SE+00 for ERPG-2, indicating that
reversible acute health effects would be expected. The cumulative acute hazard ratio for the MEI
general public was 1.76E+00 for ERPG-2, indicating that reversible acute health effects would be
expected.

Corrosive/Irritant Impact from Chemical Exposure

Under nominal conditions (Table E.2.2.18), the cumulative acute hazard ratios for the MEI worker,
MEI noninvolved worker and nearest noninvolved worker (335 workers at 290 m [950 ft]) were
2.47E+01, 5.10E+02 and 1.85E+00, respectively, for ERPG-3, indicating the potential for
irreversible health effects that could be life threatening. These ratios were almost entirely attributable
to sodium, which was assumed to be equivalent to sodium hydroxide in corrosive/irritant effects.
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As discussed previously, this exceedance of the ERPG-3 criterion would not be expected to result in
irreversible or life threatening health effects.

For the next nearest noninvolved worker population (1,500 workers at 1,780 m [5,840 ft]), the
cumulative acute hazard ratio was 1.20E+00 for ERPG-1, indicating that only mild, irreversible
irritant effects would be anticipated. For the MEI general public, the cumulative acute hazard ratio
was less than 1.0 for all ERPGs, and no acute health effects would be expected.

Under bounding conditions, the cumulative acute hazard ratios for the MEI noninvolved worker and
nearest noninvolved worker (335 workers at 290 m [950 ft]) were 7.31E+02 and 2.65E+00,
respectively for ERPG-3, indicating the potential for irreversible health effects that could be life
threatening. These acute hazard ratios were primarily attributable to:

. Sodium (approximately 83 percent of the total hazard ratio); and

. Calcium (approximately 10 percent of the total hazard ratio).

As discussed previously, this exceedance of the ERPG-3 criterion would not be expected to result in
irreversible or life threatening health effects.

For the next nearest noninvolved worker and MEI general public, the cumulative acute hazard ratios
were 1.74E+00 and 1.42E+00, respectively, for ERPG-1, indicating that only mild, transient irritant
effects would be expected.

Under both nominal and bounding conditions, the probability of a seismic event is 3.64E-03.

E.8.4 OCCUPATION INJURIES, ILLNESSES, AND FATALITIES FROM OPERATIONS
The number of operation personnel to support the Ex Situ Extensive Separations alternative was
estimated (Jacobs 1996) and summarized as follows:

. Retrieval operations - 3.74E+04 person-years; and

. Vitrification operations - 6.95E+03 person-years.

The total recordable injuries and illnesses, lost workday cases, and fatalities were calculated as follows:

Total Recordable Cases = (4.44E+04 person-years) - (2.2E+00 incidences/100 person-years) =
9.76E+02
Lost Workday Cases = (4.44E+04 person-years) - (1.1E+00 incidences/100 person-years) =

4.88E+02
Fatalities = (4.44E+04 person-years) - (3.20E-03 fatalities/100 person-years) = 1.42E+00

E.8.5 POST-REMEDIATION ACCIDENT

E.8.5.1 Deflagration in Storage Tank

After 99 percent of the tank waste has been removed from each tank, the probability of a tank
generating enough hydrogen to exceed the LFL is considered to be incredible.
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Consequences of Gas Building Up Under the Asphalt Barrier

If the hydrogen gas generated in the tanks was able to permeate from the tank through leaks and
cracks, it could potentially build up under the asphalt layer of the Hanford Barrier if the permeation
rate through the asphalt is slower than the rate in which it reaches the asphalt. Because hydrogen is
highly diffusible, it is extremely unlikely that this would be the case. However, if hydrogen did build
up under the asphalt layer, the worst credible consequences would result in the asphalt cracking and
allowing an increased movement of the residual tank waste into the groundwater. This event could be
mitigated by placing catalytic recombiners under the asphalt that would recombine hydrogen and
oxygen or venting the asphalt layer.

E.8.5.2 Seismic Induced Rupture of Stabilized Tanks

As discussed in Section E.4.4.2, displacement on a fault that would increase exposure to the waste after
remediation is considered incredible. The tanks would most likely crack, allowing increased infiltration
to the groundwater.

E.8.6 SUMMARY OF ACCIDENTS

The potential consequences from nonradiological and nonchemical accidents that include occupational
and transportation impacts are summarized in Table E.8.6.1. The LCFs associated with representative
accidents for each component of the alternative are summarized in Table E.8.6.2 along with the
probability of the accident. The chemical hazards associated with representative accidents for each
component of the alternative are summarized in Table E.8.6.3. The chemical hazard is expressed as an
exceedance of the ERPG threshold values.

E.9.0 EX SITU/IN SITU COMBINATION 1 ALTERNATIVE

The Ex Situ/In Situ Combination 1 alternative is a combination of the Ex Situ Intermediate Separations
alternative and the In Situ Fill and Cap alternative. It would involve the ex situ treatment and disposal
of some waste and in situ treatment of the remaining waste. This section analyzes and compares the
construction, operation, and transportation risks associated with this alternative.

E.9.1 CONSTRUCTION ACCIDENTS

The construction activities associated with the Ex Situ/In Situ Combination 1 alternative are discussed |
in Appendix B of the EIS. It should be noted there are no radiological or chemical consequences
associated with construction accidents. Occupational injuries, illnesses, and fatalities resulting from
potential construction accidents are calculated as follows.

Table E.8.6.1 Summary of Potential Nonradiological/Nonchemical Accident Consequences

Total Recordable Cases Lost Workday Cases Fatalities |

Occupational Transportation Occupational Occupational Transportation

Construc- | Opera- | Truck/ | Commuter |Construction|Operation | Construc- | Opera- | Truck/ | Commuter
tion tion Rail tion tion Rail

3.6E+03 0.8E+02 R.6E+01|l.6E+03 P.1IE+02 H.9E+02 |l.2E+00 |1.4E+00 {1.6E+00 PR.OE+01 I
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Table E.8.6.2 Summary of Potential Radiological Accident Consequences
Component Hazard Probability Latent Cancer Fatalities
Worker Noninvolved Worker General Public
MEI Population MEI Population MEI Population
nominal nominal nominal nominal nominal nominal
bounding | bounding | bounding| bounding | bounding| bounding
Continued spray leak  |2.8E-01 4.7E-02 |4.7E-01 7.7E-03  |2.9E-01 4.2E-05 |8.9E-02
Operation '
1.0E+00 |1.0E+01 1.0E+00 |6.6E+00 9.6E-04 |2.0E+00
Continued tank 1.9E-01 3.1E-02 |3.1E-01 3.8E-03 |5.3E-02 1.1E-05 |1.0E-02
Operation?  |deflagration
1.0E+00 }1.0E+01 1.0E+00 |9.9E+00 2.1E-03 |1.9E+00
Retrieval loss of 2.3E-04 3.9E-02 |3.9E-01 1.3E-04 |5.5E-03 6.9E-07 {1.0E-03
filtration
1.0E+00 |1.0E+01 1.7E-02 |3.7E-01 4.6E-05 |6.9E-02
Pretreatment |line break 1.7E-02 7.4E-04 17.4E-03 1.1E-05 |4.1E-04 6.0E-08 |1.3E-04
2.8E-03 |2.8E-02 4.2E-05 |1.6E-03 2.3E-07 |4.8E-04
Treatment breached 1.0E+00 1.8E-11 |1.8E-10 2.7E-13  |1.0E-11 5.0E-16 |1.1E-12
canister
1.1E-08 |1.1E-07 1.6E-10 |6.1E-09 3.0E-13 [6.7E-10
BDBA Earthquake }3.6E-03 9.7E-02 |9.7E-01 2.3E-02 |1.6E-01 3.5E-05 |3.1E-02
1.0E+00 |1.0E+01 1.0E+00 |1.1E+01 2.4E-03 (2.1E+00
Notes:
" Tank waste transfer operations.
2 Unstabilized tank waste storage.
BDBA = Beyond design basis accident
MEI = Maximally-exposed individual
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Table E.8.6.3 Chemical Exposures Resulting from Potential Operations and Transportation Accidents

Component Hazard Receptor Chemical Exposure
Acute Hazard | Acute Hazard Acute Hazard
(ERPG-1) (ERPG-2) (ERPG-3)
nominal nominal nominal
bounding bounding bounding
Continued Mispositioned Worker population 1.3E+02, 6.8E+00, 2.7E+00,
Operations - jumper resulting
waste transfer in spray release. LD LD LD
Probability of MEI noninvolved 3.0E+00, <1.0 <1.0
accident is worker ‘
2.8E-01 1.0E+01,,, 5.4E+00;,, <1.0
4.4E+00,
MEI general public <1.0 <1.0 <1.0
<1.0 <1.0 <1.0
Continued Hydrogen Worker population 8.2E+00,,, 1.6E+00;,, 3.8E+00,
Operations - deflagration in 1.9E+02, 9.6E+00.,
waste tank storage tank.
storage Probability of LD LD LD
accident is MEI noninvolved 1.7E+02;,, 3.2E+01,, 9.4E+00,,
1.9E-01 worker 3.8E+03, 2.0E+02c, 7.9E+01,,
1.2E+04,,, 2.3E+03,, 4.5E+02;,,
9.3E+03., 4.8E+02;, 1.9E+02,
Noninvolved worker 1.4E+01¢, <1.0 <1.0
population at 290 m
(950 ft) 4.5E+0l4, 8.4E+00;,, 1.7E+0q,,
3.4E+01., 1.7E+00.,
Noninvolved worker <1.0 <1.0 <1.0
population at 1,780 m
(5,840 f1) <1.0 <1.0 <1.0
MEI general public <1.0 <1.0 <1.0
<1.0 <1.0 <1.0
Retrieval Loss of Worker population 4.0E+01., 2.1E+00, <1.0
ventilation due
to HEPA filter LD LD LD
blow out. MEI noninvolved 1.8E+00,,, 4.4E+01., 1.7E+01,
Probability of worker 8.3E+02¢,
accident is
2 3E-04 2.9E+03,, 1.5E+03,, 7.3E+01q,
1.2E+03., 6.2E+01, 2.5E+01.,
Noninvolved worker 3.0E+00¢, <1.0 <1.0
population at 290 m
(950 ft) 1.0E+014,, 5.4E+00,, <1.0
4.4E+00,
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Table E.8.6.3 Chemical Exposures Resulting from Potential Operations and Transportation Accidents (cont'd)

Component Hazard Receptor Chemical Exposure
Acute Hazard Acute Hazard Acute Hazard
(ERPG-1) (ERPG-2) (ERPG-3)
nominal nominal nominal
bounding bounding bounding

Noninvolved worker <1.0 <1.0 <1.0

population at 1,780 m

(5,840 ft) <1.0 <1.0 <1.0

MEI general public <1.0 <1.0 <1.0
<1.0 <1.0 <1.0

Pretreatment Line break in Worker population <1.0 <1.0 <1.0
ventilated vault. )
Probability of ‘ <1.0 <1.0 <1.0
accident is MEI noninvolved <1.0 <1.0 <1.0
1.7E-02 Kk

warker <1.0 <1.0 <1.0

MEI general public <1.0 <1.0 <1.0
<1.0 <1.0 <1.0

Treatment - Ex Canister of Worker population <1.0 <1.0 <1.0
situ vitrification vitrified HLW )
inadvertently <1.0 <1.0 <1.0
dropped. MEI noninvolved <1.0 <10 <1.0
Probability of worker
accident is <1.0 <1.0 <1.0
1.0E+00 MEI general public <1.0 <1.0 <1.0
<1.0 <1.0 <1.0
Beyond Design Seismic event Worker population 2.6E+00;,, 6.2E+01., 2.5E+01,
Basis Accident resulting in 1.2E+03.,
dome collapse of
a storage tank. LD LD LD
Probability of MEI noninvolved 5.5E+01y,, 1.4E+01,, 2.6E+00;,,
accident is worker 2.5E4+04., 1.3E+03, 5.1E+02,
3.6E-03
8.5E+04,,, 4.4E+04,,, 2.2E+03,,
3.6E+04, 1.8E+403, 7.3E+02¢,

Noninvolved worker 9.0E+01, 4.7E+00, 1.9E+00¢,

population at 290 m

(950 ft) 3.1E+02, 1.6E+02,,, 7.8E+004,,
1.3E402, 6.7E+00., 2.7E+400,

Noninvolved worker 1.2E+00¢, <1.0 <1.0

population at 1,780 m

(5,840 ft) 4.1E+00;,, 2.2E+004, <1.0
1.7E+00.,

MEI general public <1.0 <1.0 <1.0
3.4E+00;,, 1.8E+00y,, <1.0
1.4E+00.,

Notes:
C/1 = Corrosive irritant effects
Tox = Toxic effects
LD = Lethal dose of radiation
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The number of construction personnel to support the Ex Situ/In Situ Combination 1 alternative was
estimated at an average of 2.07E+04 person-years (Jacobs 1996). '

The total recordable injuries and illnesses, lost workday cases, and fatalities were calculated using the
incidence rates from Table E.1.2.1 of this appendix as follows:

Total Recordable Cases = (2.07E+04 person-years) - (9.75E+00 incidences/100 person-years) =
2.02E+03

Lost Workday Cases = (2.07E+04 person-years) - (2.45E+00 incidences/100 person-years) =
5.08E+02

Fatalities = (2.07E+04 person-years) - (3.20E-03 fatalities/100 person-years) =6.63E-01

E.9.2 TRANSPORTATION ACCIDENTS
Transportation activities associated with this alternative are:

. Transporting residual SST waste to a vitrification facility;

. Transporting earthen material from onsite borrow site to fill tank voids;

. Transporting earthen material from onsite borrow site for Hanford Barrier;
. Transporting construction material to the Hanford Site; and

. Employees commuting to work each day.

E.9.2.1 Radiological Consequences
The methodology for determining radiological consequences from accidents while transporting HLW
onsite and offsite was previously discussed in Section E.6.2.1.

The receptor dose and LCF risk resulting from the accident analysis for retrieval of SST residuals is

presented in Table E.9.2.1 for the integrated population and Table E.9.2.2 for the MEI worker and
MEI general public. The MUST waste would not be retrieved in this alternative.

Table E.9.2.1 Integrated Radiological Impact from Retrieval Transport Accidents

Transport Activity Population Dose (person-rem) LCF/rem LCF Risk
SSTs 1.58E-02 4.0E-04 6.3E-06
Notes:

LCF = Latent cancer fatalities
SST = Single-shell tank

Table E.9.2.2 Maximally-Exposed Individual Radiological Impact from Retrieval Transport Accidents

Receptor Dose (rem) LCF/rem LCF Risk
Worker MEI - | 1.8E+00 4.0E-04 7.2E-04
General public MEI 7.6E-03 5.0E-04 3.8E-06

Notes:
LCF = Latent cancer fatalities
MEI = Maximally-exposed individual

TWRS EIS E-254 ‘ . Volume Four



Appendix E Risk from Accidents

There would be no LCFs resulting from an accident while transporting retrieved waste onsite.

E.9.2.2 Chemical Exposure

The same chemicals would be transported to the Hanford Site by truck and rail as in the Ex Situ
Intermediate Separations alternative. Therefore, the chemical exposure resulting from an accident
would be the same as that shown in Table E.6.2.3 for Ex Situ Intermediate Separations alternative.

However, there would be 50 percent fewer shipments, which equates to a 50 percent reduction in the
probability of an accident.

The general public exposure to anhydrous ammonia would exceed the ratio of exposure to ERPG-3 by
1.24E+01 and sodium hydroxide would exceed the ratio of exposure to ERPG-1 by 2.45E+00 for
corrosive/irritant chemicals. Consequently, this exposure to the MEI general public could potentially

result in lethal effects.

E.9.2.3 Occupational Injuries and Fatalities

Truck and Rail Transportation .

Injuries and fatalities resulting from direct impact of transportation accidents are analyzed in this
subsection. Rail and truck transportation activities to transport material and supplies to the Site for this
~ alternative were estimated by combining a fraction (50 percent of retrieval, 50 percent of vitrification,
and 40 percent of closure) of the data values in the extensive retrieval engineering data package

(WHC 1995j) with a fraction (60 percent of closure) of the data values for In Situ Fill and Cap in the in
situ vitrification engineering data package (WHC 1995f). The results are summarized in

Table E.9.2.3.

The number of injuries and fatalities were calculated by multiplying the total distance traveled in each
zone shown in Table E.9.2.4 by the appropriate unit risk factors shown in Table E.1.3.1. The distance
traveled in the population zones were calculated using the methodology previously discussed in

Section E.1.3.

The expected injuries and fatalities resulting from transportation accidents associated with the Ex
Situ/In Situ Combination alternative are summarized in Table E.9.2.5.

Employee Traffic

In addition to transporting materials and supplies to and from the Hanford Site by truck and rail, site
workers and other personnel required to perform the various activities would be driving to the site in
their vehicles. The total person-years to perform the activities was estimated at 7.32E+04.

This number was estimated by combining 60 percent of the employee vehicle miles from the Ex Situ
Intermediate Separations alternative with 60 percent of the employee vehicle miles from the In Situ Fill
and Cap alternative.
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Table E.9.2.3 Summary of Transportation Activities for the Ex Situ/In Situ Combination Alternative

Activity ~ Cargo Trips Distance Total distance (km)
(km)
(round- Onsite Offsite
trip)
Truck Rail Truck Rail
Retrieval
Construction Sand/gravel 3.25E+02 | 1.00E+01' | 3.25E+03 | N/A N/A N/A
(W-314)
Excavation 2.29E+03 | 4.00E+00 | 9.17E+03 | N/A N/A N/A
Backfill 2.75E+03 | 4.00E+00 1.10E+04 | N/A N/A N/A
Site preparation 3.43E+02 | 1.60E+01 5.49E+03 | N/A N/A N/A
Concrete 6.42E+02 | 6.00E+00 | 3.85E+03 | N/A N/A N/A
Burial 1.30E+01 1.60E+01 2.08E+02 | N/A N/A N/A
Consumables 3.00E+00 | 1.40E+022 | N/A N/A 4.20E+02 N/A
Cement 1.10E+01 | 8.00E+02° | N/A N/A N/A 8.80E+00
Steel 2.40E+01 | 8.00E+02° | N/A N/A N/A 1.92E+04
Construction Sand/gravel 2.59E+03 | 1.00E+01"' | 2.59E+04 | N/A N/A N/A
(Annex)
Concrete 4.83E+03 | 6.00E+00 | 2.90E+04 | N/A N/A N/A
Diesel 4.30E+01 | 1.40E+022 | N/A N/A 6.02E+03 N/A
Consumables 1.80E+03 | 1.40E+027% | N/A N/A 2.52E+05 N/A
Cement and steel | 9.00E+00 | 8.00E+02% | N/A N/A N/A 7.20E+03
Remediation - Vitrification Plant
Construction Site preparation 5.25E+03 | 1.60E+01 8.40E+04 | N/A N/A N/A
Excavation 2.07E+05 | 4.00E+00 | 8.26E+05 | N/A N/A N/A
Backfill 9.83E+04 | 4.00E+00 | 3.93E+05 | N/A N/A N/A
Sand/gravel 2.43E+04 [ 1.00E+01' { 2.43E+05 | N/A N/A N/A
Concrete 4.54E+04 | 6.00E+00 | 2.72E+05 | N/A N/A N/A
Burial 1.47E+04 | 1.60E+01 2.36E+05 | N/A N/A N/A
Diesel 1.87E+03 | 1.40E+02* | N/A N/A 2.62E+05 I‘\I/A
Consumables 5.60E4+03 | 1.40E+027 | N/A N/A 7.84E+05 N/A
Cement and steel | 8.70E+01 | 8.00E+02° | N/A N/A N/A 6.96E+04
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Table E.9.2.3 Summary of Transportation Activities for the Ex Situ/In Situ Combination Alternative (cont'd)
Activity Cargo Trips Distance Total distance (km)

(km)
(round- Onsite Offsite
trip)
Truck Rail Truck Rail
Operation Excavation 1.20E+05 | 4.00E+00 | 4.79E+05 | N/A N/A N/A
Backfill 8.22E+04 | 4.00E+00 | 3.29E+05 | N/A N/A N/A
Burial 6.56E+03 | 1.60E+01 1.50E+05 | N/A N/A N/A
Sand/gravel 2.19E+04 | 1.00E+01' | 2.19E+05 | N/A N/A N/A
Concrete 4.09E+04 | 6.00E+00 | 2.46E+05 | N/A N/A N/A
Diesel 4.48E+02 | 1.40E+022 | N/A N/A 6.27E+04 N/A
Kerosene 2.13E+03 | 1.40E+027* | N/A N/A 2.99E+05 N/A
Glass form 1.16E+04 | 1.40E+027% | N/A N/A 1.62E+06 N/A
IX resins 2.00E+00 | 1.40E+027? | N/A N/A 2.80E+02 N/A
NH, 1.94E+02 | 8.00E+02°% | N/A | N/A 1.55E+05 N/A
HNO, 9.30E+01 | 8.00E+027 | NJA N/A 7.44E+04 N/A
NaOH 5.72E+02 | 8.00E+02° | N/A N/A 4.58E+05 N/A
Cement, steel 2.26E+02 | 8.00E+02° | N/A N/A N/A 1.81E+05
Closure

Grout tank Sand/gravel 1.66E+03 | 1.00E+01' | 1.66E+04 | N/A N/A N/A

:/;)S‘Se;’s, and Concrete 3.11E+03 | 6.00E+00 1.87E+04 | N/A N/A N/A

ancillary

equipment Diesel 3.83E+02 | 1.40E+02% | N/A N/A 5.36E+04 N/A

Cement 3.00E+00 | 8.00E+02° | N/A N/A N/A 2.40E+03

Gravel fill Gravel 6.21E+04 | 1.00E+01"' | 6.21E4+05 | N/A N/A N/A

Barrier Silt 3.86E+04 | 3.00E+00* | 1.16E4+06 | N/A N/A N/A

Sand/gravel 421E+04 | 1.00E+01' { 4.21E+05 | N/A N/A N/A
Basalt 6.42E+04 | 3.20E+01° | 2.06E+06 | N/A N/A N/A
Diesel 2.81E+03 | 1.40E+027 | N/A N/A 3.93E+05 N/A
Asphalt 6.41E+03 | 1.40E+027? | N/A N/A 8.97E+05 N/A
Fabric 2.00E+00 | 8.00E+02° | N/A N/A 1.60E+03 N/A
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Table E.9.2.3 Summary of Transportation Activities for the Ex Situ/In Situ Combination Alternative (cont'd)

Activity Cargo Trips Distance Total distance (km)
(km) -
(round- Onsite Offsite
trip)
Truck Rail Truck Rail
Total km 7.81E+06 | N/A 5.32E+06 2.88E+05
Notes:

' Round-trip distance from Pit 30 borrow site.

2 Round-trip distance from Tri-Cities area.

* Round-trip distance from Portland/Seattle area.

* Round-trip distance from McGee Ranch borrow site.
* Round-trip distance from Vernita Quarry borrow site.
N/A = Not applicable

Table E.9.2.4 Distance Traveled in Population Zones for the Ex Situ/In Situ Combination Alternative

Mode Urban' Suburban? Rural?®
Truck 2.66E+05 8.08E+06 4.79E+06
Rail 1.44E+04 1.44E+04 2.59E+05
Notes:

! Urban represents 5 percent of the total offsite distance from Table E.9.2.3.
? Suburban represents 5 percent of total offsite distance and 100 percent of total onsite from Table E.9.2.3.
? Rural represents 90 percent of total offsite distance from Table E.9.2.3.

Table E.9.2.5 Fatalities and Injuries Resulting from Truck and Rail Transportation Accidents for the
Ex Situ/In Situ Combination Alternative

Mode Impact Urban Suburban Rural Total Fatalities | Total Injuries
Truck Fatality 1.99E-03 1.05E-01 2.54E-01 3.61E-01 N/A
Injury 9.84E-02 3.07E+00 3.83E+00 N/A 7.00E+00
Rail Fatality 2.45E-04 2.45E-04 4.41E-03 4.90E-03 N/A
Injury 4.75E-04 4.75E-04 8.55E-03 N/A 9.50E-03
Total 3.66E-01 7.01E+00
Notes:

N/A = Not applicable

Each person was assumed to work 260 days of the year. The round-trip distance traveled to work from

the Tri-Cities area was estimated at 140 km (87 mi) with an estimated 1.35 passengers per vehicle
(DOE 1994a). From the information listed previously the total employee vehicle distance was
calculated as follows:
(7.32E+04 person-years) - (260 days/year) - (140 kim/day) - (1/1.35 passengers per vehicle) =
1.97E+09 km (1.22E+09 mi)
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To calculate the expected number of injuries and fatalities resulting from vehicle accidents, the
injury/fatality rates discussed in Section E.1.3 were used. The expected number of injuries and
fatalities resulting from employee vehicle accidents were calculated as follows:

Injuries = (1.97E+09 km) - (7.1E-07 injuries/km) = 1.41E+03
Fatalities = (1.97E+09 km) - (8.98E-09 fatalities/km) = 1.77E+01

Cumulative Transportation Injuries and Fatalities

The cumulative nonradiological and nontoxicological injuries and fatalities incurred as a direct result of
traffic accident impacts are the sum of the truck and rail transport and employee vehicle accidents.

The results are summarized in Table E.9.2.6.

Table E.9.2.6 Cumulative Injuries and Fatalities from Traffic Impacts for the Ex Situ/In Situ
Combination Alternative

Mode Fatalities Injuries
Truck and rail transport 3.66E-01 7.01E+00
Employee vehicle 1.77E+01 1.41E4+03
Total 1.81E+01 1.42E+03

E.9.3 OPERATION ACCIDENTS

The radiological and chemical operation accidents for the Ex Situ/In Situ Combination 1 alternative are
the same as the Ex Situ Intermediate Separations alternative and the In Situ Fill and Cap alternative.
The radiological cancer risk and the chemical exposure would be bound by the Ex Situ Intermediate
Separations alternative presented in Section E.6.3 and are summarized as follows.

E.9.3.1 Routine Operation - Mispositioned Jumper Accident - Tank Waste Transfer
The dominant routine operations accident during waste transfer is the mispositioned jumper accident
previously discussed in the No Action alternative in Section E.2.2.1 and are summarized as follows:

Source-Term - The source-term resulting from a spray release in Section E.2.2.1.1 was calculated to
be 52 L (14 gal).

Probability - The frequency of a mispositioned jumper in Section E.2.2.1.2 was 1.1E-02 per year.
The Ex Situ/In Situ Combination 1 alternative was based on 18.5 years of operations; therefore, the

probability was calculated to be 2.0E-01.

Radiological Consequences - The radiological consequences presented in Table E.2.2.2 are
reproduced in Table E.9.3.1.
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Table E.9.3.1 Dose Consequence from Mispositioned Jumper

Receptor Dose CEDE (person-rem)
Nominal Scenario Bounding Scenario
MEI worker 5.88E+01 1.33E+03
Workers (10)' 5.88E+02 1.33E+04
MEI noninvolved worker 1.92E+01 4.35E+02
Noninvolved worker (1,835)" 7.23E+02 1.64E+04
MEI general public _ 8.44E-02 1.91E+00
General public (114,734)" 1.77E+02 ' 4.01E+03

Notes:

" Number of people in exposed population.
CEDE = Committed effective dose equivalent
MEI = Maximally-exposed individual

Radiological Cancer Risk - The LCFs calculated in Section E.2.2.1.4 are the same for the Ex Situ/In
Situ Combination 1 alternative; however, the LCF risk (point estimate) is not the same due to the
difference in probabilities. The LCFs and the LCF risk are calculated in Table E.9.3.2. The bounding
scenario calculations show that all 10 would potentially receive a fatal dose and assumably die directly
after exposure if the accident occurred. There would be approximately seven LCFs from the
noninvolved worker population and 2 from the general public. The nominal scenario calculations show
there would be no LCFs.

Chemical Consequences

Potential acute hazards associated with a mispositioned jumper are identical to those summarized in
Tables E.2.2.4 (toxic chemicals, nominal conditions), E.2.2.5 (toxic chemicals, bounding conditiohs),
E.2.2.6 (corrosive/irritant chemicals, nominal conditions) and E.2.2.7 (corrosive/irritant chemicals,
bounding conditions) for the No Action alternative.

Toxic Impact from Chemical Exposure

Under nominal conditions (Table E.2.2.4), the cumulative acute hazard ratios for the MEI worker,
MEI noninvolved worker and MEI general public were less than 1.0, indicating that no adverse acute
health effects would be expected for these three receptors. Under bounding conditions (Table E.2.2.5),
the MEI worker was not evaluated because death would occur from exposure to radionuclides. The
cumulative acute hazard ratio for the MEI noninvolved worker was 5.36E+00 for ERPG-2, indicating
that reversible acute health effects would be expected. This acute hazard ratio was primarily
attributable to mercury (approximately 89 percent of the overall hazard ratio). No adverse acute health
effects were predicted for the MEI general public under bounding conditions.

Corrosive/Irritant Impact from Chemical Exposure
Under nominal conditions (Table E.2.2.6), the cumulative acute hazard ratio for the MEI worker was

2.70E+00 for ERPG-3, indicating the potential for irreversible health effects that could be life
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Table E.9.3.2 Latent Cancer Fatality Risk from Mispositioned Jumper

Receptor Dose CEDE LCF/rem LCF' Probability LCF Risk
(person-rem) (point estimate)

Nominal Scenario

MEI worker 5.88E+01 8.00E-04 4.70E-02 2.04E-01 9.60E-03
Workers (10) ? 5.88E+02 8.00E-04 4.70E-01 2.04E-01 9.60E-02
MEI noninvolved worker 1.92E+01 4.00E-04 7.68E-03 2.04E-01 1.57E-03
Noninvolved workers (1,835) ? 7.23E+02 4.00E-04 2.89E-01 2.04E-01 5.90E-02
MEI general public 8.44E-02 5.00E-04 4.22E-05 2.04E-01 8.61E-06
General public (114,734) 2 1.77E+02 5.00E-04 8.85E-02 2.04E-01 1.81E-02

Bounding Scenario

MEI worker 1.33E+03 lethal | 1.00E+00 | 2.04E-01 2.04E-01
Workers (10) ? 1.33E+04 lethal 1.00E+01 | 2.04E-01 2.04E+00
MEI noninvolved worker 4.35E+02 lethal 1.00E+00 | 2.04E-01 2.04E-01
Noninvolved workers (1,835) * 1.64E+04 4.00E-04 6.56E+00 | 2.04E-01 1.34E+00
MEI general public 1.91E+00 5.00E-04 9.55E-04 2.04E-01 1.95E-04
General public (114,734) 2 4.01E+03 5.00E-04 2.01E+00 | 2.04E-01 4.09E-01
Notes:

! Total number of fatal cancers if the accident occurs,
2 Number of people in exposed population.

CEDE = Committed effective dose equivalent

LCF = Latent cancer fatality

MEI = Maximally-exposed individual

threatening. This acute hazard ratio was almost entirely attributable to sodium assumed to be
equivalent to sodium hydroxide in corrosive/irritant effects. For the MEI noninvolved worker, the
cumulative acute hazard ratio for ERPG-1 was 3.00E+00, indicating that only mild reversible irritant
effects would be expected. No acute health impacts were predicted for the MEI general public under
nominal conditions. Under bounding conditions (Table E.2.2.7), the MEI worker was not evaluated
because death would occur from exposure to radionuclides. For the MEI noninvolved worker, the
cumulative acute hazard ratio for ERPG-1 was 4.36E 400, indicating that only mild reversible irritant
effects would be expected. No acute health impacts were predicted for the MEI general public under
bounding conditions.

Under both nominal and bounding conditions, the probability of a mispositioned jumper is 2.04E-01.
E.9.3.2 Continued Operations Accident - Waste Storage Tanks

The dominant accident is a hydrogen deflagration in a waste storage tank previously discussed in the
No Action alternative in Section E.2.2.2.1 and is summarized as follows:
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Source-Term - The source-term resulting from the fire in Section E.2.2.2.1 was calculated to be 2.4 L
(0.6 gal).

Probability - The frequency of the hydrogen deflagration in a waste storage tank in Section E.2.2.2.2
was estimated to be 7.2E-03 per year. The probability of the scenario based on 26 years of operation

was therefore estimated to be 1.9E-01.

Radiological Consequences - The radiological consequences presented in Table E.2.2.8 are
reproduced in Table E.9.3.3.

Table E.9.3.3 Dose Consequence from Hydrogen Deflagration in Waste Storage Tank

Receptor Dose CEDE (person-rem)
Nominal Scenario Bounding Scenario
MEI worker 3.91E+01 7.31E+03
Workers (10)" 3.91E+02 7.31E+04
MEI noninvolved workef 9.40E+00 . 1.76E+03
Noninvolved worker (1,835)' 1.32E+02 2.47E4+04
MEI general public 2.28E-02 4.26E+00
General public (114,734) 1.99E+01 3.72E+03

Notes:

' Number of people in exposed population.
CEDE = Committed effective dose equivalent
MEI = Maximally-exposed individual

Radiological Cancer Risk - The LCFs calculated in Section E.2.2.2.4 are reproduced in-
Table E.9.3.4.

In the bounding scenario all 10 workers would potentially receive a fatal dose and assumably die
directly after the exposure. There would also be 10 LCFs attributed to the exposure to the noninvolved
workers and 2 LCFs to the general public if the accident occurred. The nominal scenario calculations
show there would be no LCFs. '

Chemical Consequences

Potential acute hazards associated with a hydrogen burn in a waste storage tank are identical to those
summarized in Tables E.2.2.10 (toxic chemicals, nominal conditions), E.2.2.11 (toxic chemicals,
bounding conditions), E.2.2.12 (corrosive/irritant chemicals, nominal conditions) and E.2.2.13
(corrosive/irritant chemicals, bounding conditions) for the No Action alternative.

Under bounding conditions, chemical impacts were not evaluated for the MEI worker because all
workers would receive a lethal radiation dose as discussed previously.
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Table E.9.3.4 Latent Cancer Fatality Risk from Hydrogen Deflagration in Waste Storage Tank

Receptor Dose CEDE LCF/rem LCF' Probability LCF Risk
(person-rem) (point estimate)
Nominal Scenario
MEI worker 3.91E+01 8.00E-04 3.13E-02 1.87E-01 5.85E-03
Workers (10) ? 3.91E+02 8.00E-04 3.13E-01 1.87E-01 5.85E-02
MEI noninvolved worker 9.40E+00 4.00E-04 3.76E-03 1.87E-01 7.03E-04
Noninvolved workers (1,835) 1.32E+02 4.00E-04 5.28E-02 1.87E-01 9.87E-03
MEI general public 2.28E-02 5.00E-04 1.14E-05 1.87E-01 2.13E-06
General public (114,734) ? 1.99E+01 5.00E-04 9.95E-03 1.87E-01 1.86E-03
Bounding Scenario
MEI worker 7.31E+03 lethal 1.00E+00 1.87E-01 1.87E-01
Workers (10) ? 7.31E+04 lethal 1.00E+01 1.87E-01 1.87E+00
MEI noninvolved worker 1.76E+03 lethal 1.00E+00 1.87E-01 1.87E-01
Noninvolved workers (1,835) > | 2.47E+04 4,00E-04 9.88E+00 1.87E-01 1.85E+00
MEI general public 4.26E+00 5.00E-04 2.13E-03 1.87E-01 3.98E-04
General public (114,734) ? 3.72E+03 5.00E-04 1.86E+00 1.87E-01 3.48E-01

Notes:

! Total number of fatal cancers if the accident occurs.
? Number of people in exposed population.
CEDE = Committed effective dose equivalent

LCF = Latent cancer fatality

MEI = Maximally-exposed individual

Toxic Impact from Chemical Exposure

Under nominal conditions (Table E.2.2.10), the cumulative acute hazard ratio for the MEI worker was
1.57E+00 for ERPG-2, indicating that reversible acute health effects would be expected. This acute
hazard ratio was primarily attributable to TOC (approximately 87 percent of the overall ERPG-2 ratio).
The TOC is assumed to be equivalent in toxicity to tributylphosphate, which is the most acutely toxic
constituent of the organic analytes identified. Tributylphosphate was used as a surrogate because an
inventory of the various chemicals that make up the TOC class is not available. For the MEI
noninvolved worker, the cumulative acute hazard ratio for ERPG-3 was 9.38E+00, indicating the
potential for irreversible health effects that could be life threatening. This acute hazard ratio was also
primarily attributable to TOC (approximately 90 percent of the overall ERPG-3 ratio) However, the
MEI noninvolved worker is a hypothetical worker assumed to be located 100 m (330 ft) from the
source area. The nearest noninvolved worker population is located 290 m (950 ft) from the source area
and had no cumulative acute hazard ratios greater than 1.0 for any of the ERPGs, indicating that no
acute health effects would be expected for the nearest noninvolved worker population. Likewise, no
acute health effects were predicted for the MEI general public under nominal conditions.

TWRS EIS E-263 Volume Four




Appendix E Risk from Accidents

Under bounding conditions (Table E.2.2.11), the cumulative acute hazard ratio for the MEI
noninvolved worker was 4.54E+02 for ERPG-3, indicating the potential for irreversible health effects
that could be life-threatening. This acute hazard ratio is primarily attributable to:

. Oxalate (approximately 37 percent of the total hazard ratio);

. Beryllium (approximately 13 percent of the total hazard ratio);

. Cadmium (approximately 14 percent of the total hazard ratio);

. Uranium (approximately 12 percent of the total hazard ratio); and
. TOC (approximately 8 percent of the total hazard ratio).

As discussed previously, this is a hypothetical receptor located 100 m (330 ft) from the source. The
cumulative acute hazard ratio for the nearest noninvolved worker population located 290 m (950 ft)
from the source was 1.65E+00 for ERPG-3, indicating the potential for irreversible health effects that
could be life threatening for 335 workers. This hazard ratio was attributable to the same toxic
chemicals listed above. This exceedance of the ERPG-3 criterion for the nearest noninvolved worker
population would not be expected to result in irreversible health effects or place these workers in a life-
threatening situation for the following reasons.

. ERPG-3 is defined as a concentration in which a receptor can be exposed for 1 hour
without irreversible health effects. Because the Hanford Site has an in-place
emergency response plan designed to evacuate workers within 1 hour of an accident,
workers would be expected to evacuate their location and move to an area where
potential exposures would be well below ERPG-3. Therefore, this worker population
would not be exposed to airborne concentrations that would be either life threatening or
result in irreversible health effects.

. The estimated air concentrations of chemicals as a result of this accident were based on
very conservative meteorology, which results in movement of a plume directly toward
the worker population at a relatively slow rate with minimal wind dispersion. If less
conservative meteorological parameters were used, wind dispersion would cause the
estimated air concentrations of chemicals to be substantially less, and the ERPG-3
criterion would not be exceeded.

. Only the bounding toxic chemical evaluation exceeded ERPG-3, while the nominal
evaluation was well below 1.00E+00 for ERPG-3, suggesting that the noninvolved
worker population would not receive an exposure that would result in any permanent
health effects.

The next nearest noninvolved worker population is located 1,780 m (5,840 ft) from the source and
contains 1,500 workers. The cumulative acute hazard ratio was less than 1.0 for all ERPGs, indicating
that no acute health effects would be expected for this population of workers. No acute health impacts
were predicted for the MEI general public.

Corrosive/Irritant Impact from Chemical Exposure
Under nominal conditions (Table E.2.2.12), the cumulative acute hazard ratio for the MEI worker was
3.82E+00 for ERPG-3, indicating the potential for irreversible corrosive/irritant effects that could be
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life threatening. For the MEI noninvolved worker, the cumulative acute hazard ratio for ERPG-3 was
7.89E+01 and would indicate irreversible corrosive/irritant effects that could be life threatening for
this hypothetical receptor. This hazard ratio was primarily attributable to sodium, which was assumed
to be equivalent to sodium hydroxide in corrosive/irritant effects. For the nearest noninvolved worker
population (290 m [950 ft]) composed of 335 workers, the cumulative acute hazard ratio for ERPG-1
was 1.38E+01, indicating that only mild reversible effects would be expected. No acute health impacts
were predicted for the MEI general public under nominal conditions.

Under bounding conditions (Table E.2.2.13), the cumulative acute hazard ratio for the MEI
noninvolved worker was 1.91E+02 for ERPG-3, indicating irreversible health effects that could be life
threatening for this hypothetical receptor. This hazard ratio was primarily attributable to :

. Sodium as sodium hydroxide (approximately 75 percent of the total hazard ratio);
. Chromium (approximately 14 percent of the total hazard ratio); and
. Calcium (approximately 6 percent of the total hazard ratio).

For the nearest noninvolved worker population (290 m [950 ft]) composed of 335 workers, the
cumulative acute hazard ratio was 1.74E+00 for ERPG-2, indicating that reversible acute effects
would be expected. No acute health impacts were predicted for the MEI general public under nominal
conditions.

Under both nominal and bounding conditions, the probability of a hydrogen deflagration event in a
waste storage tank is 1.87E-01.

E.9.3.3 Retrieval - Loss of Filtration Accident
The dominant retrieval operations accident is the loss of filtration accident previously discussed in the
Ex Situ Intermediate Separations alternative in Section E.6.3.3 and is summarized as follows:

Source-Term - The source-term resulting from the airborne release in Section E.6.3.3.1 was calculated
to be 2.5E-01 L (6.6E-02 gal).

Probability - The frequency of a loss of filtration in section E.6.3.3.2 was 8.8E-06 per year. The Ex
Situ/In Situ Combination retrieval activity was based on 26 years of operations; therefore, the

probability was calculated to be 2.3E-04.

Radiological Consequences - The radiological consequences presented in Section 6.3.3.3 are
reproduced in Table E.9.3.5. '

Radiological Cancer Risk - The LCFs and the LCF point estimate risk were calculated for the
receptors and are presented in Table E.9.3.6.
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Table E.9.3.5 Dose Consequence from Loss of Filtration |

Receptor Dose CEDE (person-rem)

Nominal Scenario ﬁounding Scenario [
MEI worker 4.89E+01 3.26E+03 |
Workers (10)' 4.89E+02 3.26E+04 |
MEI noninvolved worker 3.22E-01 2.14E+01 |
Noninvolved worker (1,835)! 1.37E+01 9.16E+02 |
MEI general public _ 1.38E-03 _ 9.22E-02 |
General public (114,734)' 2.07E+00 1.38E+02 |

Notes:

' Number of people in exposed population.
CEDE = Committed effective dose equivalent
MEI = Maximally-exposed individual

Table E.9.3.6 Latent Cancer Fatality Risk from Loss of Filtration l

Receptor Dose CEDE LCF/rem LCF! Probability LCF Risk
(person-rem) (point estimate)

Nominal Scenario l ‘

MEI worker 4.89E+01 8.00E-04 3.91E-02 2.29E-04 8.96E-06 I
Workers (10) * 4.89E+02 8.00E-04 3.98E-01 2.29E-04 8.96E-05 |
MEI noninvolved worker . 3.22E-01 4.00E-04 1.29E-04 2.29E-04 2.95E-08 |
Noninvolved workers (1,835) 1.37E+01 4.00E-04 5.48E-03 2.29E-04 1.25E-06 |
MEI general public 1.38E-03 5.00E-04 6.90E-07 2.29E-04 1.58E-10 |
General public (114,734) 2 2.07E+00 5.00E-04 1.04E-03 2.29E-04 2.37E-07 |

Bounding Scenario l

MEI worker 3.26E+03 lethal 1.00E+00 2.29E-04 2.29E-04 ]
Workers (10) 2 3.26E+04 lethal 1.00E+01 2.29E-04 2.29E-03 |
MEI noninvolved worker 2.14E+02 8.00E-04 1.71E-02 2.29E-04 3.92E-06 |
Noninvolved workers (1,835) 2 9.16E+02 4.00E-04 3.66E-01 2.29E-04 8.39E-05 |
MEI general public 9.22E-02 5.00E-04 4.61E-05 2.29E-04 1.06E-08 |
General public (114,734) 1.38E+02 5.00E-04 6.90E-02 2.29E-04 1.58E-05 I
Notes:

'Total number of fatal cancers if the accident occurs. _

2 Number of people in exposed population. |
CEDE = Committed effective dose equivalent

LCF = Latent cancer fatality

MEI = Maximally-exposed individual
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In the bounding scenario all 10 workers would potentially receive a fatal dose and assumably die
directly after the exposure. The calculations show there would be nine LCFs attributed to the exposure
to the noninvolved workers and two LCFs to the general public if the accident occurred. The nominal
scenario calculations show there would be no LCFs.

Chemical Consequences

The chemical exposure to the receptors from the postulated accident was calculated in Appendix A of
the accident data package (Shire et al. 1995 and Jacobs 1996) and summarized in the exposure column
in Tables E.6.3.8 and E.6.3.9 for the nominal and bounding toxic effects, respectively, and Tables
E.6.3.10 and E.6.3.11 for the nominal and bounding corrosive/irritant effects, respectively. The tables
compare the concentration of postulated chemical releases to acute exposure criteria (ERPGs) discussed
in Section 1.1.7. |

Under bounding conditions, chemical impacts were not evaluated for the MEI worker because all
workers would receive a lethal radiation dose, as discussed previously.

Toxic Impact from Chemical Exposure .
Under nominal conditions (Table E.6.3.8), the cumulative acute hazard ratio for the MEI worker was
less than 1.0 for all ERPGs, indicating that no adverse acute health effects would be expected. For the
MEI noninvolved worker, the cumulative acute hazard ratio was 1.84E+00 for ERPG-1, indicating
that only mild, transient acute health effects would be expected. No acute health effects were predicted
for the MEI general public under nominal conditions.

Under bounding conditions (Table E.6.3.9), the cumulative acute hazard ratio for the MEI noninvolved
worker was 7.27E+01 for ERPG-3, indicating the potential for irreversible health effects that could be
life-threatening. This acute hazard ratio is primarily attributable to:

. Uranium (approximately 48 percent of the total hazard ratio);

. Oxalate (approximately 24 percent of the total hazard ratio);

. Mercury (approximately 13 percent of the total hazard ratio); and
. TOC (approximately 7 percent of the total hazard ratio).

As discussed previously, this is a hypothetical receptor located 100 m (330 ft) from the source. The
cumulative acute hazard ratio for the nearest noninvolved worker population (335 workers) located
290 m (950 ft) from the source was 5.40E+00 for ERPG-2, indicating that reversible acute health
effects would be expected. No acute health impacts were predicted for the MEI general public.

Corrosive/Irritant Impact from Loss of Filtration

Under nominal conditions (Table E.6.3.10), the cumulative acute hazard ratio for the MEI worker was
2.11E+00 for ERPG-2, indicating that reversible corrosive/irritant effects would be expected. For the
MEI noninvolved worker, the cumulative acute hazard ratio for ERPG-3 was 1.72E+01 and would
indicate irreversible corrosive/irritant effects that could be life threatening for this hypothetical
receptor. This hazard ratio was primarily attributable to sodium, which was assumed to be equivalent
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to sodium hydroxide in corrosive/irritant effects. For the nearest noninvolved worker population
(290 m {950 ft]) composed of 335 workers, the cumulative acute hazard ratio for ERPG-1 was
3.02E+00, indicating that only mild, transient irritant effects would be expected. No acute health
impacts were predicted for the MEI general public under nominal conditions.

Under bounding conditions (Table E.6.3.11), the cumulative acute hazard ratio for the MEI
noninvolved worker was 2.47E+01 for ERPG-3, indicating irreversible health effects that could be life
threatening for this hypothetical receptor. This hazard ratio was primarily attributable to :

. Sodium as sodium hydroxide (approximately 82 percent of the total hazard ratio); and

. Calcium (approximately 9 percent of the total hazard ratio).

For the nearest noninvolved worker population (290 m [950 ft]) composed of 335 workers, the
cumulative acute hazard ratio was 4.38E+00 for ERPG-1, indicating that only mild, transient irritant
effects would be expected. No acute health impacts were predicted for the MEI general public under
nominal conditions.

Under both nominal and bounding conditions, the probability of a loss of filtration event in a waste
storage tank is 2.29E-04.

E.9.3.4 Pretreatment - Seismic Induced Line Break in Vault

The dominant pretreatment operations accident is the seismic-induced line break in vault accident
previously discussed in the Ex Situ Intermediate Separations alternative in Section E.6.3.4 and is
summarized as follows:

Source-Term - The source-term resulting from the airborne release in Section E.6.3.4.1 was calculated
to be 7.3E-02 L (1.9E-02 gal).

Probability - The annual exceedance frequency of the seismic event in Section E.6.3.4.2 was 6.5E-04
per year. The Ex Situ/In Situ Combination 1 alternative was based on 26 years of operations:
therefore, the probability was calculated to be 1.7E-02.

Radiological Consequences - The radiological consequences presented in Section 6.3.4.3 are
reproduced in Table E.9.3.7.

Radiological Cancer Risk - The LCFs and the LCF point estimate risk were calculated for the
receptors and presented in Table E.9.3.8. The calculations show there would be no LCFs attributable
to this exposure if the accident occurs for the bounding and nominal scenarios.

Chemical Consequences

The chemical exposure to the receptors from the postulated accident was calculated in Appendix A of
the accident data package (Shire et al. 1995 and Jacobs 1996) and summarized in the exposure column
in Tables E.6.3.14 and E.6.3.15 for the nominal and bounding toxic effects, respectively, and
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Table E.9.3.7 Dose Consequence from Seismic Induced Line Break in Vault
Receptor Dose CEDE (person-rem)
Nominal Scenario Bounding Scenario
MEI worker 1.84E+00 6.97+00
Workers (10)" 1.84E+01 6.97+01
MEI noninvolved worker 2.74E-02 1.04E-01
Noninvolved worker (1,835)" 1.03E+00 3.92E+00
MEI general public 1.20E-04 4.57E-04
General public (114,734)" 2.53E-01 9.60E-01
Notes:

' Number of people in exposed population,
CEDE = Committed effective dose equivalent
MEI = Maximally-exposed individual

Table E.9.3.8 Latent Cancer Fatality Risk from Seismic-Induced Line Break in Vault

Receptor Dose CEDE | LCF/rem LCF! Probability LCF Risk
(person-rem) (point estimate)
Nominal Scenario
MEI worker 1.84E+00 4.00E-04 7.36E-04 1.69E-02 1.24E-05
Workers (10) 1.84E+01 4.00E-04 7.36E-03 1.69E-02 1.24E-04
MEI noninvolved worker 2.74E-02 4.00E-04 1.10E-05 1.69E-02 1.85E-07
Noninvolved workers (1,835) * 1.03E+00 4.00E-04 4.12E-04 1.69E-02 6.96E-06
MEI general public 1.20E-04 5.00E-04 6.00E-08 1.69E-02 1.01E-09
General public (114,734) ? 2.53E-01 5.00E-04 1.27E-04 1.69E-02 2.14E-06
Bounding Scenario
MEI worker 6.97E+00 4.00E-04 2.79E-03 1.69E-02 4.71E-05
Workers (10) 2 6.97E+01 4.00E-04 2.79E-02 1.69E-02 4.71E-04
MEI noninvolved worker 1.04E-01 4.00E-04 4.16E-05 1.69E-02 7.03E-07
Noninvolved workers (1,835) 2 3.92E+00 4.00E-04 1.57E-03 1.69E-02 2.65E-05
MEI general public 4.57E-04 5.00E-04 2.29E-07 1.69E-02 3.86E-09
General public (114,734) 2 9.60E-01 5.00E-04 4.80E-04 1.69E-02 8.11E-06
Notes:

! Total number of fatal cancers if the accident occurs.
? Number of people in exposed population.

CEDE = Committed effective dose equivalent

LCF = Latent cancer fatality

MEI = Maximally-exposed individual
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Tables E.6.3.16 and E.6.3.17 for the nominal and bounding corrosive/irritant effects, respectively.
The tables compare the concentration of postulated chemical releases to acute exposure criteria
(ERPGs) discussed in Section 1.1.7.

Toxic Impact from Chemical Exposure

Under nominal conditions (Table E.6.3.14), the cumulative acute hazard ratios for the MEI worker,
MEI noninvolved worker and MEI general public were less than 1.0, indicating that no adverse acute
health effects would be expected for these three receptors. Under bounding conditions (Table
E.6.3.15), the cumulative acute hazard ratios for the MEI worker, MEI noninvolved worker, and MEI
general public were less than 1.0, indicating that no adverse acute health effects would be expected for
these three receptors.

Corrosive/Irritant Impact from Chemical Exposure

Under nominal conditions (Table E.6.3.16), the cumulative acute hazard ratios for the MEI worker,
MEI noninvolved worker and MEI general public were less than 1.0, indicating that no adverse acute
health effects would be expected for these three receptors. Under bounding conditions (Table
E.6.3.17), the cumulative acute hazard ratios for the MEI worker, MEI noninvolved worker, and MEI
general public were less than 1.0, indicating that no adverse acute health effects would be expected for

these three receptors.

Under both nominal and bounding conditions, the probability of a pretreatment spray release is
1.69E-02.

E.9.3.5 Treatment (Ex Situ Vitrification) - Canister of Vitrified High-Level Waste Inadvertently
Drops and Ruptures

The dominant immobilization operations accident is the "canister of vitrified HLW inadvertently drops

and ruptures” accident previously discussed in the Ex Situ Intermediate Separations alternative in

Section E.6.3.5 and is summarized as follows:

Source-Term - The source-term resulting from the airborne release in Section E.6.3.5.1 was calculated
to be 2.5E-06 g (8.8E-08 o0z).

Probability - The frequency of the accident in Section E.6.3.5.2 was 6.0E-01 per year. The Ex Situ/
In Situ Combination alternative was based on 26 years of operations; therefore, the probability was
calculated to be 1.0E+00.

Radiological Consequences - The radiological consequences presented in Section 6.3.5.3 are
reproduced in Table E.9.3.9.

Radiological Cancer Risk - The LCFs and the LCF point estimate risk were calculated for the
receptors and presented in Table E.9.3.10. The calculations show there would be no LCFs attributable
to this exposure if the accident occurs for the bounding and nominal scenarios.
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Table E.9.3.9 Dose Consequence from Breached Canister
Receptor Dose CEDE (person-rem)
Nominal Scenario Bounding Scenario
MEI worker 4.53E-08 2.72E-05
Workers (10)' 4.53E-07 2.72E-04
MEI noninvolved worker 6.77E-10 4.06E-07
Noninvolved worker (1,835)" 2.55E-08 1.53E-05
MEI general public 1.00E-12 6.01E-10
General public (114,734)' 2.23E-09 1.34E-06

Notes:
' Number of people in exposed population.

CEDE = Committed effective dose equivalent

MEI = Maximally-exposed individual

Table E.9.3.10 Latent Cancer Fatality Risk from Breached Canister

Receptor

Dose CEDE
(person-rem)

LCF/rem

LCF' Probability

LCF Risk
(point estimate)

Nominal Scenario

MEI worker 4.53E-08 4.00E-04 1.81E-11 1.00E+00 1.81E-11
Workers (10) 2 4.53E-07 4.00E-04 1.81E-10 1.00E+00 1.81E-10
MEI noninvolved worker 6.77E-10 4.00E-04 2.71E-13 1.00E+00 2.71E-13
Noninvolved workers (5,500) 2 2.55E-08 4.00E-04 1.02E-11 1.00E+00 1.02E-11
MEI general public 1.00E-12 5.00E-04 5.00E-16 1.00E+00 5.00E-16
General public (114,734) 2 2.23E-09 5.00E-04 1.12E-12 1.00E+00 1.12E-12

Bounding Scenario

MEI worker 2.72E-05 4.00E-04 1.09E-04 1.00E+00 1.09E-08
Workers (10) ? 2.72E-04 4.000E-04 | 1.09E-07 1.00E+00 1.09E-07
MEI noninvolved worker 4.06E-07 4.00E-04 1.62E-10 1.00E+00 1.62E-10
Noninvolved workers (5,500) 1.53E-05 4.00E-04 6.12E-09 1.00E+00 6.12E-09
MEI general public 6.01E-10 5.00E-04 3.01E-13 1.00E+00 3.01E-13
General public (114,734) 2 1.34E-06 5.00E-04 6.70E-10 1.00E+00 6.70E-10
Notes:
!'Total number of fatal cancers if the accident occurs.
2 Number of people in exposed population.
CEDE = Committed effective dose equivalent
LCF = Latent cancer fatality
MEI = Maximally-exposed individual

TWRS EIS E-271 Volume Four




,,,,,

Appendix E Risk from Accidents

Chemical Consequences - No chemical consequences were evaluated (Shire et al. 1995 and Jacobs
1996) since the release would be through two-stage HEPA filters that would reduce the source-term
well below the cumulative ratio of exposure to ERPG-1 values for toxic or corrosive/irritant chemicals.

E.9.3.6 Treatment - In Situ Fill and Cap

The dominant treatment operations accident is the tank deflagration accident resulting in a tank dome
collapse previously discussed in the In Situ Fill and Cap alternative in Section E.4.3.3 and is
summarized as follows:

L]
Source-Term - The source-term resulting from the airborne release in Section E.4.3.3.1 was calculated

to be 7.5 L (2.0 gal).

Probability - The probability of a tank dome collapse in Section E.4.3.3.2 was assumed to be
1.0E-04.

Radiological Consequences - The radiological consequences presented in Section 4.3.3.3 are
reproduced in Table E.9.3.11.

Radiological Cancer Risk - The LCFs and the LCF point estimate risk were calculated for the
receptors and presented in Table E.9.3.12.

In the bounding scenario all 10 workers would potentially receive a fatal dose and assumably die
directly after the exposure. The calculations show there would be 11 LCFs attributed to the exposure
to the noninvolved workers and 2 LCFs to the general public if the accident occurred. The nominal
scenario calculations show there would be no LCFs.

Table E.9.3.11 Dose Consequence from Tank Dome Collapse Due to Deflagration

Receptor Dose CEDE (person-rem)
Nominal Scenario Bounding Scenario
MEI worker 1.22E+02 | 8.11E+03
Workers (10)' 1.22E+03 8.11E+04
MEI noninvolved worker 2.93E+01 1.95E+03
Noninvolved worker (1,835)' 4.11E4+02 2.74E+04
MEI general public 7.09E-02 4.73E+00
General public (114,734)! 6.20E+01 4.13E+03

Notes:

! Number of people in exposed population.
CEDE = Committed effective dose equivalent
MEI = Maximally-exposed individual
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Table E.9.3.12 Latent Cancer Fatality Risk from Tank Dome Collapse Due to Deflagration

Receptor Dose CEDE LCF/rem LCF' Probability LCF Risk
(person-rem) (point estimate)

Nominal Scenario

MEI worker 1.22E+02 8.00E-04 9.76E-02 1.00E-04 9.76E-06
Workers (10) 2 1.22E+03 8.00E-04 9.76E-01 1.00E-04 9.76E-05
MEI noninvolved worker 2.93E+01 | 8.00E-04 2.34E-02 1.00E-04 2.34E-06
Noninvolved workers (1,835) 2 | 4.11E+02 4.00E-04 1.64E-01 1.00E-04 1.64E-05
MEI general public 7.09E-02 5.00E-04 3.55E-05 1.00E-04 3.55E-09
General public (114,734) * 6.20E+01 5.00E-04 3.10E-02 1.00E-04 3.10E-06

Bounding Scenario

MEI worker 8.11E+03 lethal 1.00E+00 1.00E-04 1.00E-04
Workers (10) ? 8.11E+04 lethal 1.00E+01 1.00E-04 1.00E-03
MEI noninvolved worker 1.95E+03 lethal 1.00E+00 1.00E-04 1.00E-04
Noninvolved workers (1,835) 2 | 2.74E+04 4.00E-04 1.10E+01 1.00E-04 1.10E-03
MEI general public 4.73E+00 5.00E-04 2.37E-03 1.00E-04 2.37E-07
General public (114,734) 2 4.13E+03 5.00E-04 2.07E+00 1.00E-04 2.07E-04
Notes:

" Total number of fatal cancers if the accident occurs,
? Number of people in exposed population.

CEDE = Committed effective dose equivalent

LCF = Latent cancer fatality

MEI = Maximally-exposed individual

E.9.3.6.1 Chemical Consequences of Tank Dome Collapse

The chemical exposure to the receptors from the postulated accident was identical to that summarized
in the exposure column in Tables E.4.3.8 and E.4.3.9 for the nominal and bounding toxic effects,
respectively, and Tables E.3.4.10 and E.3.4.11 for the nominal and bounding corrosive/irritant effects,
respectively. The tables compare the concentration of postulated chemical releases to acute exposure
criteria (ERPGs) discussed in Section 1.1.7.

Under bounding conditions, chemical impacts were not evaluated for the MEI worker because all
workers would receive a lethal radiation dose, as discussed previously.

Toxic Impact from Chemical Exposure

Under nominal conditions (Table E.4.3.8), the cumulative acute hazard ratio for the MEI worker was
2.64E+00 for ERPG-1, indicating that only mild transient effects would be expected. For the MEI
noninvolved worker, the cumulative acute health hazard was 2.59E+00 for ERPG-3, indicating the
potential for irreversible health effects that could be life threatening. This acute hazard ratio was
primarily attributable to TOC (approximately 84 percent of the total hazard ratio). The TOC is
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assumed to be equivalent in toxicity to tributylphosphate, which is the most acutely toxic constituent of
the organic analytes identified. Tributylphosphate was used as a surrogate because an inventory of the
various chemicals that make up the TOC class is not available. The cumulative acute hazard ratio, for
the nearest noninvolved worker population (consisting of 335 workers located 290 m [950 ft] away)
was less than 1.0 for all ERPGs, suggesting that no acute health effects would be expected.

- Under bounding conditions (Table E.4.3.9), the cumulative hazard ratios for the MEI and nearest
noninvolved worker (335 workers located 290 m [950 ft] away) were 2.15E+03 and 7.80E+00 for
ERPG-3, respectively. These ratios were primarily attributable to:

. Uranium (approximately 47 percent of the total hazard ratio);
. Oxalate (approximately 24 percent of the total hazard ratio); and
. Mercury (approximately 13 percent of the total hazard ratio).

This exceedance of the ERPG-3 criterion for the nearest noninvolved worker population would not be
expected to result in irreversible health effects or place these workers in a life-threatening situation for
the following reasons.

. ERPG-3 is defined as a concentration in which a receptor can be exposed for 1 hour
without irreversible health effects. Because the Hanford Site has an in-place
emergency response plan designed to evacuate workers within 1 hour of an accident,
workers would be expected to evacuate their location and move to an area where
potential exposures would be well below ERPG-3. Therefore, this worker population
would not be exposed to airborne concentrations that would be either life threatening or
result in irreversible health effects.

. The estimated air concentrations of chemicals as a result of this accident were based on
very conservative meteorology, which results in movement of a plume directly toward
the worker population at a relatively slow rate with minimal wind dispersion. If less
conservative meteorological parameters were used, wind dispersion would cause the
estimated air concentrations of chemicals to be substantially less, and the ERPG-3
criterion would not be exceeded.

. Only the bounding toxic chemical evaluation exceeded ERPG-3, while the nominal
evaluation was well below 1.00E+00 for ERPG-3, suggesting that the noninvolved
worker population would not receive an exposure that would result in any permanent
health effects.

The cumulative acute hazard ratio for the next nearest noninvolved worker population, composed of
1,500 people and located 1,780 m (5,840 ft) away, was 2.15E+00 for ERPG-2, indicating that
reversible acute health effects would be expected. The cumulative acute hazard ratio for the MEI
general public was 1.76E+00 for ERPG-2, indicating that reversible acute health effects would be

expected.
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Corrosive/Irritant Impact from Chemical Exposure

Under nominal conditions (Table E.3.4.10), the cumulative acute hazard ratios for the MEI worker,
MEI noninvolved worker and nearest noninvolved worker (335 workers at 290 m [950 ft]) were
2.47E+01, 5.10E+02 and 1.85E+00, respectively, for ERPG-3, indicating the potential for
irreversible health effects that could be life threatening. These ratios were almost entirely attributable
to sodium, which was assumed to be equivalent to sodium hydroxide in corrosive/irritant effects. For
the next nearest noninvolved worker population (1,500 workers at 1,780 m {5,840 ft]), the cumulative
acute hazard ratio was 1.20E+00 for ERPG-1, indicating that only mild irreversible irritant effects
would be anticipated. For the MEI general public, the cumulative acute hazard ratio was less than 1.0
for all ERPGs, and no acute health effects would be expected.

Under bounding conditions (Table E.4.3.11), the cumulative acute hazard ratios for the MEI
noninvolved worker and nearest noninvolved worker (335 workers at 290 m [950 ft]) were 7.31E+02
and 2.65E+00, respectively for ERPG-3, indicating the potential for irreversible health effects that
could be life threatening. These acute hazard ratios were primarily attributable to: '

. Sodium (approximately 83 percent of the total hazard ratio); and

. Calcium (approximately 10 percent of the total hazard ratio).

As discussed previously, this exceedance of the ERPG-3 criterion would not be expected to result in
irreversible or life threatening health effects.

For the next nearest noninvolved worker and MEI general public, the cumulative acute hazard ratios
were 1.74E+00 and 1.42E+00, respectively, for ERPG-1, indicating that only mild, transient irritant
effects would be expected.

Under both nominal and bounding conditions, the probability of a seismic event is 1.00E-04.

E.9.3.7 Beyond Design Basis Accidents

The beyond design basis accident is a seismic event resulting in the collapse of a SST. In the event of a
0.43 g earthquake, a SST could potentially collapse (LANL 1995). This event is not dependent on the
remediation alternative but has the same annual frequency regardless of the alternative that is chosen.
The length of time unremediated waste would remain in tanks that have not been backfilled would vary
depending on the alternative and would affect the probability of the event. The probability of the event
is the product of the annual frequency of the earthquake and the number of years the waste remains
untreated in the unstabilized tanks.

At smaller annual frequencies, larger earthquakes could occur resulting in greater destruction and
larger numbers of LCF to the onsite and offsite populations. In addition to population exposures from
the collapsed SSTs, the impact to other Hanford Site facilities and operations would potentially add to
the chemical and radiological risk. This would be a severe earthquake that would cause catastrophic
structural damage in the Tri-Cities and the Hanford Site with expected extensive loss of life. There
would be injuries and fatalities resulting from collapsed buildings and homes, fires, and traffic
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accidents. However, this section evaluates the radiological and chemical impacts resulting from the
collapse of one SST.

E.9.3.7.1 Source-Term Development
It was conservatively assumed that the radiological and chemical contaminants in the headspace are
available for release. The collapse of a portion of the dome and overburden compresses the vapor in
the headspace as it descends, enhancing the vapor release rate by a sudden pressure difference.
Assuming for each tank a respirable concentration of contaminants in the headspace of 100 mg/m’, a
liquid SpG of 1.5, and a headspace volume of 1,000 m’® (Shire et al. 1995 and Jacobs 1996), the
potential source-term contribution from the headspace release was calculated as follows:

(100 mg/m®) - (1 g/1,000 mg) - (1 L/1,000 g) - (1,000 m*) - (1/1.5) = 6.67E-02 L (1.8E-02 gal).

It was conservatively assumed that the liquids had been pumped from the tanks so that the tanks
contained only solids and the MAR was 2,500 L (660 gal) for each tank. It was postulated that the fall
of the dome and overburden generated an air movement sufficient to suspend a fraction the MAR.
Assuming the respirable release fraction to be 2.0E-03 (Shire et al. 1995 and Jacobs 1996), the
potential source-term contribution was calculated as follows:

(2,500 L) - (2.0E-03) = 5.00E+00 L (1.3 gal).

It was postulated that prevailing winds resuspend a respirable fraction of the MAR (2,500 L [660 gal]).
A respirable release fraction of 4.0E-05/hr for 24 hours was assumed. The potential source-term

contribution from resuspension was calculated as follows:
(2,500 L) - (4.0E-05/hr) - (24 hr) = 2.4 L (0.6 gal).

The combined source-term for the acute release is calculated as follows:
(6.67E-02L) + (5.0L) + (2.4L) = 7.4 L (2.0 gal).

abiljty of ign Basis Earthqu
This earthquake has a calculated annual exceedance frequency of approximately 1.40E-04 (WHC
1996b). The probability for this scenario based on 26 years of operation was therefore estimated to be
3.6E-3.

E.9.3.7.3 Radiological n T B ign is Earthquak

The radiological dose to the receptors from the previous source-term was calculated by the GENII
computer code (Napier et al. 1988) using the methodology previously discussed in Section E.1.1.6.
The results are presented in Table E.9.3.13.

E.9.3.7.4 Radiological isk 0 ign Basis Earthquake
The LCFs and LCF point estimate risk are presented in Table E.9.3.14

In the bounding scenario, all 10 workers would potentially receive a fatal dose and assumably die
directly after the exposure. There would also be 10 LCFs attributed to the exposure to the noninvolved
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Table E.9.3.13 Dose Consequence from Seismic Event

Receptor Dose CEDE (person-rem)
Nominal Scenario Bounding Scenario

MEI worker 1.21E+02 8.04E+03
Workers (10)" 1.21E+03 8.04E+04
MEI noninvolved worker 2.90E+01 1.93E+03
Noninvolved worker (1,835)" 4.07E+02 2.71E+04
MEI general public 7.03E-02 4.68E+00
General public (114,734)" 6.14E+01 4.09E+03

Notes:

' Number of people in exposed population.
CEDE = Committed effective dose equivalent
MEI = Maximally-exposed individual

Table E.9.3.14 Latent Cancer Fatality Risk from Seismic Event

Receptor Dose person-rem | LCF/rem LCF' Probability | LCF Risk point-estimate

Nominal Scenario

MEI worker 1.21E+02 8.00E-04 9.68E-02 3.64E-04 3.52E-04
Workers (10) 1.21E+03 8.00E-04 9.68E-01 3.64E-04 3.52E-03
MEI noninvolved worker | 2.90E+01 8.00E-04 2.32E-02 3.64E-04 8.44E-05
(1,835)*

Noninvolved workers 4.07E+02 4.00E-04 1.63E-01 3.64E-04 5.93E-04
MEI general public 7.03E-02 5.00E-04 3.52E-05 3.64E-04 1.28E-07
General public (114,734) | 6.14E+01 5.00-04 3.07E-02 3.64E-04 1.12E-04

Bounding Scenario

MEI worker 8.04E+03 lethal 1.00E+00 | 3.64E-03 3.64E-03
Workers (10) 2 8.04E+04 lethal 1.00E+01 | 3.64E-03 3.64E-02
MEI noninvolved worker | 1.93E+03 lethal 1.00E+00 | 3.64E-03 3.64E-03
Noninvolved workers 2.71E+04 4.00E-04 1.08E+01 | 3.64E-03 . 3.95E-02
(1,835)?

MEI general public 4.68E+00 5.00E-04 2.34E-03 3.64E-03 8.52E-06
{eneral public (114,734) | 4.09E+03 5.00E-04 2.05E+00 | 3.64E-03 7.44E-03
Notes:

! Total number of fatal cancers if the accident occurs.
2 Number of people in exposed population.

CEDE = Committed effective dose equivalent.

LCF = Latent cancer fatality

MEI = Maximally-exposed individual
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workers and two LCFs to the general public if the accident occurred. The nominal scenario
calculations show there would be no LCFs.

E.9.3.7.5 Chemical C fr B i Desien Basis Earthaual
Potential acute hazards associated with a beyond design basis earthquake are identical to those
summarized in Tables E.2.2.16 (toxic chemicals, nominal conditions), E.2.2.17 (toxic chemicals,
bounding conditions), E.2.2.18 (corrosive/irritant chemicals, nominal conditions) and
(corrosive/irritant chemicals, bounding conditions) for the No Action alternative.

Under bounding conditions, chemical impacts were not evaluated for the MEI worker because all
workers would receive a lethal radiation dose, as described previously.

Toxic Impact from Chemical Exposure

Under nominal conditions, the cumulative acute hazard ratio for the MEI worker was 2.64E+00 for
ERPG-1, indicating that only mild transient effects would be expected. For the MEI noninvolved
worker, the cumulative acute health hazard was 2.59E+00 for ERPG-3, indicating the potential for
irreversible health effects that could be life threatening. This acute hazard ratio was primarily
attributable to TOC (approximately 84 percent of the total hazard ratio). The TOC is assumed to be
equivalent in toxicity to tributylphosphate which is the most acutely toxic constituent of the organic
analytes identified. Tributylphosphate was used as a surrogate because an inventory of the various
chemicals that make up the TOC class is not available. The cumulative acute hazard ratio for the
nearest noninvolved worker population (consisting of 335 workers located 290 m [950 ft] away) was
less than 1.0 for all ERPGs, suggesting that no acute health effects would be expected.

Under bounding conditions (Table E.2.2.17), the cumulative hazard ratios for the MEI and nearest
noninvolved worker (335 workers located 290 m [950 ft} away) were 2.15E+03 and 7.80E+00 for
ERPG-3, respectively. These ratios were primarily attributable to:

. Uranium (approximately 47 percent of the total hazard ratio);
. Oxalate (approximately 24 percent of the total hazard ratio); and
. Mercury (approximately 13 percent of the total hazard ratio).

This exceedance of the ERPG-3 criterion for the nearest noninvolved worker population would not be
expected to result in irreversible health effects or place these workers in a life-threatening situation for
the following reasons.

. ERPG-3 is defined as a concentration in which a receptor can be exposed for 1 hour
without irreversible health effects. Because the Hanford Site has an in-place
emergency response plan designed to evacuate workers within 1 hour of an accident,
workers would be expected to evacuate their location and move to an area where
potential exposures would be well below ERPG-3. Therefore, this worker population
would not be exposed to airborne concentrations that would be either life threatening or

result in irreversible health effects.
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. The estimated air concentrations of chemicals as a result of this accident were based on
very conservative meteorology, which results in movement of a plume directly toward
the worker population at a relatively slow rate with minimal wind dispersion. If less
conservative meteorological parameters were used, wind dispersion would cause the
estimated air concentrations of chemicals to be substantially less, and the ERPG-3
criterion would not be exceeded.

. Only the bounding toxic chemical evaluation exceeded ERPG-3, while the nominal
evaluation was well below 1.00E+00 for ERPG-3, suggesting that the noninvolved
worker population would not receive an exposure that would result in any permanent
health effects.

The cumulative acute hazard ratio for the next nearest noninvolved worker population, composed of
1,500 people and located 1,780 m (5,840 ft) away, was 2.15E+00 for ERPG-2, indicating that
reversible acute health effects would be expected. The cumulative acute hazard ratio for the MEI
general public was 1.76E+00 for ERPG-2, indicating that reversible acute health effects would be
expected.

Corrosive/Irritant Impact from Chemical Exposure

Under nominal conditions (Table E.2.2.18), the cumulative acute hazard ratios for the MEI worker,
MEI noninvolved worker, and nearest noninvolved worker (335 workers at 290 m [950 ft]) were
2.47E+01, 5.10E+02 and 1.85E+00, respectively, for ERPG-3, indicating the potential for
irreversible health effects that could be life threatening. These ratios were almost entirely attributable
to sodium, which was assumed to be equivalent to sodium hydroxide in corrosive/irritant effects.

As discussed previously, this exceedance of the ERPG-3 criterion would not be expected to result in
irreversible or life threatening health effects.

For the next nearest noninvolved worker population (1,500 workers at 1,780 m [5,840 ft]), the
cumulative acute hazard ratio was 1.20E+00 for ERPG-1, indicating that only mild irreversible irritant
effects would be anticipated. For the MEI general public, the cumulative acute hazard ratio was less
than 1.0 for all ERPGs and no acute health effects would be expected.

Under bounding conditions, the cumulative acute hazard ratios for the MEI noninvolved worker and
nearest noninvolved worker (335 workers at 290 m [950 ft]) were 7.31E+02 and 2.65E+00,
respectively, for ERPG-3, indicating the potential for irreversible health effects that could be life
threatening. These acute hazard ratios were primarily attributable to:

. Sodium (approximately 83 percent of the total hazard ratio); and

. Calcium (approximately 10 percent of the total hazard ratio).

As discussed previously, this exceedance of the ERPG-3 criterion would not be expected to result in
irreversible or life threatening health effects.
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. For the next nearest noninvolved worker and MEI general public, the cumulative acute hazard ratios
were 1.74E+00 and 1.42E+00, respectively, for ERPG-1, indicating that only mild, transient irritant
effects would be expected.

Under both nominal and bounding conditions, the probability of a seismic event is 3.64E-03.

E.9.3.8 Occupation Injuries, Illnesses, and Fatalities from Operations
The number of operation personnel to support the Ex Situ/In Situ Combination 1 alternative was
estimated at an average of 5.25E+04 person-years (Jacobs 1996).

The total recordable injuries and illnesses, lost workday cases, and fatalities were calculated as follows:

Total Recordable Cases = (5.25E+04 person-years) - (2.2E+00 incidences/100 person-years) =
1.16E+03

Lost Workday Cases = (5.25E+04 person-years) - (1.1E+00 incidences/100 person-years) =
5.78E+02

Fatalities = (5.25E+04 person-years) - (3.20E-03 fatalities/100 person-years) = 1.68E+00

E.9.4 POST-REMEDIATION ACCIDENT

E.9.4.1 Deflagration in Storage Tank

The tanks that have had 99 percent of their waste removed and filled with gravel do not pose a credible
risk. However, the tanks that have been saltwell pumped and filled with gravel may. After the tanks
have been filled with gravel, the dome sealed off, and the Hanford Barrier placed over the tank farms,
it was postulated that hydrogen builds up in the tank, reaches the LFL, and ignites. The probable
sequence of events is that the tank would breach and possibly the asphalt layer in the Hanford Barrier
would crack allowing an increased movement of the residual tank waste into the groundwater. An
explosion that could breach the dome, displace 2 m (7 ft) of overburden, and displace an additional 5 m
(15 ft) of the Hanford Barrier, is considered to be incredible.

For this event to occur, the following conditions must exist:

. Flammable gases must be generated from the waste;

. The concentration of the flammable gas must exceed the lower flammability limit;

. There must be an ignition source; and

. The deflagration would have to generate enough energy to breach the tank and crack

the asphalt liner.
Generation of Flammable Gas

All 177 waste tanks produce flammable gases at the molecular level such as hydrogen, ammonia, and
methane due to radiolysis, organic degradation, and corrosion.
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Gas Concentration

Gases generated from the residual tank waste would diffuse and accumulate in the voids within the
gravel and the tank headspace created by the waste settling under the pressure of the fill. If the
hydrogen is not allowed to escape from the tank through leaks or cracks in the tank, the hydrogen
concentration will continue to increase as long as the potential for radiolysis, organic degradation, or
corrosion exists.

It has been shown in tank waste that hydrogen generation rates may drop by approximately one-half
every 15 years. Therefore, the gas concentration potential could be reduced by allowing the tanks to
vent for 100 years (during institutional controls) through vent pipes passing up through the Hanford
Barrier. The vents could then be sealed off. Allowing the tanks to vent for 100 years would reduce
the probability of hydrogen reaching the LFL in the tank. Hydrogen gas concentration could be
retarded by placing catalytic recombiners in the tank that would recombine hydrogen and oxygen.

Ignition of Gas

If the gas concentrations in the tank manage to exceed the LFL, the ignition sources are limited.
Possible ignition sources would include a lightning strike, an earthquake, or heat produced by reactions
taking place in the materials remaining in the tank. If the gas was ignited, the propagation of the burn
through the gravel is dependent upon the size of the voids in the gravel matrix. Flames will not
propagate in a porous material if the pore size is less than a critical value.

Consequences

The probable sequence of events is that the tank would breach and possibly the asphalt layer in the
Hanford Barrier would crack allowing an increased movement of the residual tank waste into the
groundwater.

E.9.4.2 Seismic Induced Rupture of Stabilized Tanks

As discussed in Section E.4.4.2, displacement on a fault that would increase exposure to the waste after
remediation is considered to be incredible. The tanks would most likely crack, allowing increased
infiltration to the groundwater.

E.9.5 SUMMARY OF ACCIDENTS

The potential consequences from nonradiological and nonchemical accidents that include occupational
and transportation impacts are summarized in Table E.9.5.1. The LCFs associated with representative
accidents for each component of the alternative are summarized in Table E.9.5.2 along with the
probability of the accident. The chemical hazards associated with representative accidents for each
component of the alternative are summarized in Table E.9.5.3. The chemical hazard is expressed as an
exceedance of the ERPG threshold values.

E.10.0 EX SITU/IN SITU COMBINATION 2 ALTERNATIVE

The Ex Situ/In Situ Combination 2 alternative is a combination of the Ex Situ Intermediate Separations
alternative and the In Situ Fill and Cap alternative. The Ex Situ/In Situ Combination 2 alternative
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Table E.9.5.1 Summary of Potential Nonradiological/Nonchemical Accident Consequences

Total Recordable Cases Lost Workday Cases Fatalities
Occupational Transportation Occupational Occupational Transportation
Construc- | Operation| Truck/ | Commuter |Construction| Operation | Construction| Operation| Truck/ |Commuter
tion Rail Rail
2.0E+03 |1.2E+03 [7.0E+00 {1.4E+03 |[5.1E+02 5.8E+02 16.6E-01 1.L7E+00 [3.7E-01 |1.8E+01
Table E.9.5.2 Summary of Potential Radiological Accident Consequences
Component Hazard Probability Latent Cancer Fatalities
Worker Noninvolved Worker General Public
MEI Population MEI Population MEI Population
nominal nominal nominal nominal nominal nominal
bounding { bounding | bounding| bounding | bounding| bounding
Continued spray leak 2.0E-01 4.7E-02 |4.7E-01 7.7E-03 2.9E-01 4.2E-05 8.9E-02
Operation ' ,
1.0E+00 [1.0E+01 1.0E+00 [6.6E+00 9.6E-04 |2.0E+00
Continued tank 1.9E-01 3.1E-02 |3.1E-01 3.8E-03 |5.3E-02 1.1E-05 |1.0E-02
Operation 2 |deflagration :
1.0E+00 |1.0E+01 1.0OE+00 [9.9E+00 2.1E-03 |1.9E+00
Retrieval loss of 2.3E-04 3.9E-02 |3.9E-01 1.3E-04 |5.5E-03 6.9E-07 |1.0E-03
filtration
1.0E+00 [1.0E+01 1.7E-02 |3.7E-01 4.6E-05 |6.9E-02
Pretreatment |line break 1.7E-02 7.4E-04 |7.4E-03 1.1E-05 |4.1E-04 6.0E-08 1.3E-04
2.8E-03 |2.8E-02 4.2E-05 |1.6E-03 2.3E-07 }4.8E-04
Treatment breached 1.0E+00 1.8E-11 {1.8E-10 2.7E-13 |1.0E-11 5.0E-16 |1.1E-12
(vitrification) |[canister
1.1E-08 |[1.1E-07 1.6E-10 |6.1E-09 3.0E-13 |6.7E-10
Treatment dome 1.0E-04 9.8E-02 |9.8E-01 2.3E-02 |1.6E-01 3.6E-05 |3.1E-02
(fill and cap) |collapse
1.0E+00 |{1.0E+01 1.0E+00 |1.1E+01 2.4E-03 |2.1E+00
BDBA Earthquake |3.6E-03 9.7E-02 |9.7E-01 2.3E-02 |[1.6E-01 3.5E-05 |3.1E-02
1.0E+00 |1.0E+01 1.0E+00 |{1.1E+01 2.4E-03 |2.1E+00
Notes:
! Tank waste transfer operations.
2 Unstabilized waste storage tanks.
BDBA = Beyond design basis accident
MEI = Maximally-exposed individual
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Table E.9.5.3 Chemical Exposures Resulting from Potential Operations and Transportation Accidents

Component Hazard Receptor Chemical Exposure
Acute Hazard | Acute Hazard | Acute Hazard
(ERPG-1) (ERPG-2) (ERPG-3)
nominal nominal nominal
bounding bounding bounding
Continued Mispositioned Worker population 1.3E+02¢, 6.8E+00., 2.7E+00,
Operations - jumper resulting
waste transfer in spray release. LD LD LD
Probability of
aocidont o MEI noninvolved 3.0E+00g, <1.0 <1.0
worker
2.0E-01 1.0E+01,,, 54E+00,, | <1.0
4.4E+00¢,
MEI general public <1.0 <1.0 <1.0
<1.0 <1.0 <1.0
Continued Hydrogen Worker population 8.2E+00q,, 1.6E+00,, 3.8E+00,
Operations - deflagration in 1.9E+02., 9.6E+00,,
waste tank storage tank.
storage Probability of LD LD LD
accident is .
1.9E-01 MEI noninvolved 1.7TE+02,, 3.2E+014, 9.4E+00;,,
worker 3.8E+03, 2.0E+02, 7.9E+01,
1.2E+04,, 2.3E+03;,, 4.5E+02;,,
9.3E+03, 4.8E+02, 1.9E+02,
Noninvolved worker 1.4E+01, <1.0 <1.0
population at 290 m
(950 ft) 4.5E+01y, 8.4E+00,,, 1.7TE+04,,
3.4E+01;, 1.7TE+00,
Noninvolved worker <1.0 <1.0 <1.0
population at 1,780 m
(5,840 ft) <1.0 <1.0 <1.0
MEI general public <1.0 <1.0 <1.0
<1.0 <1.0 <1.0
Retrieval Loss of Worker population 4.0E+01¢, 2.1E+00., <1.0
ventilation due
to HEPA filter LD LD LD
blow out. .
Probablllty of MEI noninvolved 1'8E+(X)Tcx 4‘4E+01CH 1'7E+01CI|
accident is worker 8.3E+02,
2.3E-04 2.9E+03,, 1.5E+03,, | 7.3E+01,,
1.2E+03, 6.2E+01., 2.5E+01,
Noninvolved worker 3.0E+00, <1.0 <1.0
population at 290 m
(950 ft) 1.0E+01,, 5.4E+00,,, <1.0
4.4E+00,
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Table E.9.5.3 Chemical Exposures Resulting from Potential Operations and Transportation Accidents (cont'd)

Component Hazard Receptor Chemical Exposure
Acute Hazard Acute Hazard Acute Hazard
(ERPG-1) (ERPG-2) (ERPG-3)
nominal nominal nominal
bounding bounding bounding
Noninvolved worker <1.0 <1.0 <1.0
population at 1,780 m
(5,840 ft) <1.0 <1.0 <1.0
MEI general public <1.0 <1.0 <1.0
<1.0 <1.0 <1.0
Pretreatment Line break in Worker population <1.0 <1.0 <1.0
ventilated vault.
Probability of <1.0 <1.0 <1.0
accident is ,
1.7E-02 MEI noninvolved <1.0 <1.0 <1.0
worker
<1.0 <1.0 <1.0
MEI general public <1.0 <1.0 <1.0
<1.0 <1.0 <1.0
Treatment - Ex Canister of Worker population <1.0 <1.0 <1.0
situ vitrification vitrified HLW
inadvenant]y <1.0 <l1.0 <1.0
dropped. .
Probability of MELnonmvo]ved <1.0 <1.0 <1.0
accident is worker
1.0E+00 <1.0 <1.0 <1.0
MEI general public <1.0 <1.0 <10
<1.0 <1.0 <1.0
Treatment - fill Flammable gas Worker population 2.6E+00q,, 6.2E+01¢; 2.5E+0l1,
and cap deflagration 1.2E+03,
results in tank
dome collapse. LD LD LD
Probability of .
the accident is MEI noninvolved 5.5E+014, 1.4E+01, 2.6E+00,,
1.0E-04 worker 2.5E+04.; 1.3E+03¢, 5.1E+02.,
8.5E+04,,, 4 4E+04,,, 2.2E+03,,
3.6E+04., 1.8E+03, 7.3E+02,
Noninvolved worker 9.0E+0l1¢, 4.7E+00, 1.9E+00,
population at 290 m
(950 ft) 3.1E+02,, 1.6E+02,,, 7.8E+001,,
1.3E+02¢, 6.7E+00, 2.7E+4+00.,
Noninvolved worker 1.2E+00¢, <1.0 <1.0
population at 1,780 m
(5,840 ft) 4 1E+00;,, 2.2E+00,, <1.0
1.7E+00¢,
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Table E.9.5.3 Chemical Exposures Resulting from Potential Operations and Transportation Accidents (cont'd)

Component Hazard Receptor Chemical Exposure
Acute Hazard | Acute Hazard | Acute Hazard
(ERPG-1) (ERPG-2) (ERPG-3)
nominal nominal nominal
bounding bounding bounding
MEI general public <1.0 <1.0 <1.0
3.4E+00,, 1.8E+004,, <1.0
1.4E+00.,
Beyond Design Seismic evem‘ Worker population 2.6E+00,, 6.2E+01¢, 2.5E+01¢,
Basis Accident resulting in 1.2E+03;
dome collapse of
a storage tank. LD LD LD
Probability of .
accident is MEI noninvolved 5.5E+01, 1.4E+014, 2.6E+00;,,
3.6E-03 worker 2.5E +O4CII 1'3E+03CI| s. 1E+02CII
8.5E+04.,, 4. 4E+04,, 2.2E+03,,,
3.6E+04, 1.8E+03,, 7.3E+02,
Noninvolved worker 9.0E+01., 4.7TE+00, 1.9E+00,
population at 290 m
(950 ft) 3.1E+02;, 1.6E+02,,, 7.8E+00;,,
1.3E+02., 6.7E+00.; 2.7E+00¢,
Noninvolved worker 1.2E+00, <1.0 <1.0
population at 1,780 m
(5,840 f1) 4.1E+00,,, 2.2E+004,, <1.0
1.7E+00,
MEI general public <1.0 <1.0 <1.0
3.4E+00q,, 1.8E+00,,, <1.0
1.4E+00;

Notes:

C/1 = Corrosive/irritant effects

Tox = Toxic effects

LD = Lethal dose of radiation
'MEI = Maximally-exposed individua}

would involve ex situ treatment and disposal of some waste and in situ treatment of the remaining waste
like Ex Situ/In Situ Combination 1, except that there would be retrieval from fewer tanks. This section
analyzes and compares the construction, operation, and transportation risks associated with this

alternative.

E.10.1 CONSTRUCTION ACCIDENTS
The construction activities associated with the Ex Situ/In Situ Combination 2 alternative are discussed
in Appendix B of the EIS. It should be noted there are no radiological or chemical consequences
associated with construction accidents. Occupational injuries, illnesses, and fatalities resulting from

potential construction accidents are calculated as follows.
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The number of construction personnel to support the Ex Situ/In Situ Combination 2 alternative was
estimated at an average of 1.79E+04 person-years (Jacobs 1996).

The following total recordable injuries and illnesses, lost workday cases, and fatalities were calculated
using the incidence rates from Table E.1.2.1:

Total Recordable Cases = (1.79E+04 person-years) - (9.75E+00 incidences/100 person-years) =
1.74E+03

Lost Workday Cases = (1.79E+04 person-years) - (2.45E+00 incidences/100 person-years) =
4.38E+02 _

Fatalities = (1.79E+04 person-years) - (3.20E-03 fatalities/100 person-years) =5.72E-01

E.10.2 TRANSPORTATION ACCIDENTS
Transportation activities associated with this alternative are:

. Transporting residual SST waste to vitrification facility;

. Transporting earthen material from onsite borrow sites to fill tank voids;

. Transporting earthen material from onsite borrow sites for Hanford Barrier;
. Transporting construction material to the Hanford Site; and

. Employees commuting to work each day.

I

|

|

l

|

|

|

I

E.10.2.1 Radiological Consequences I
The methodology for determining radiological consequences from accidents while transporting residual |
SST waste to the vitrification facility was previously discussed in Section E.6.2.1. |
l

|

|

I

|

|

|

|

The receptor dose and LCF risk resulting from the accident analysis for retrieval of SST residuals is
presented in Table E.10.2.1 for the integrated population and Table E.10.2.2 for the MEI worker and
METI general public.

Table E.10.2.1 Integrated Radiological Impact from Retrieval Transport Accidents

Transport Activity Population Dose (person-rem) LCF/rem LCF Risk
SSTs 1.58E-02 4.0E-04 6.3E-06
Notes:

LCF = Latent cancer fatalities
SST = Single-shell tank

Table E.10.2.2 Maximally-Exposed Individual Radiological Impact from Retrieval Transport Accidents

Receptor Dose (rem) LCF/rem LCF Risk |
Worker MEI 1.8E+00 4.0E-04 7.2E-04 l
General public MEI 7.6E-03 5.0E-04 3.8E-06 |

Notes:
LCF = Latent cancer fatalities
MEI = Maximally-exposed individual
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There would be no LCFs resulting from an accident while transporting retrieved waste onsite.

E.10.2.2 Chemical Exposure

The same chemicals would be transported to the Hanford Site by truck and rail as in the Ex Situ
Intermediate Separations alternative. Therefore, the chemical exposure resulting from an accident
would be the same as that shown in Table E.6.2.4 for Ex Situ Intermediate Separations alternative.

However, there would be 70 percent fewer shipments, which equates to a 70 percent reduction in the
probability of an accident.

The general public exposure to anhydrous ammonia would exceed the ratio of exposure to ERPG-3 by
1.24E+01 and sodium hydroxide would exceed the ratio of exposure to ERPG-1 by 2.45E+00 for
corrosive/irritant chemicals. Consequently, this exposure to the MEI general public could potentially
result in lethal effects.

E.10.2.3 Occupational Injuries and Fatalities

Truck and Rail Transportation

Injuries and fatalities resulting from direct impact of transportation accidents are analyzed in this
subsection. Rail and truck transportation activities to transport material and supplies to the Site for this
alternative represents 70 percent of retrieval, 70 percent of vitrification plant construction, and 60
percent of vitrification operations of the data values in the Ex Situ/In Situ Combination 1 alternative.
Closure represents 16 percent of the closure data values in the extensive retrieval engineering data
package (WHC 1995j) plus 84 percent of the closure data values for In Situ Fill and Cap in the in situ
vitrification engineering data package (WHC 1995f). The results are summarized in Table E.10.2.3.

The number of injuries and fatalities were calculated by multiplying the total distance traveled in each
zone shown in Table E.10.2.4 by the appropriate unit risk factors shown in Table E.1.3.1.

The distance traveled in the population zones were calculated using the methodology previously
discussed in Section E.1.3.

The expected injuries and fatalities resulting from transportation accidents associated with the ExSitu/
In Situ Combination 2 alternative are summarized in Table E.10.2.5.

Employee Traffic

In addition to transporting materials and supplies to and from the Hanford Site by truck and rail, Site
workers and other personnel required to perform the various activities would be driving to the Site in
their vehicles. The total person-years to perform the activities was estimated at 5.36+04

(Jacobs 1996).
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Table E.10.2.3 Summary of Transportation Activities for the Ex Situ/In Situ Combination 2 Alternative

Activity Cargo Trips Distance Total distance (km)
(km)
(round-trip) Onsite Offsite
Truck Rail Truck Rail
Retrieval
Construction Sand/gravel 3.25E+02 1.00E+01' 3.25E+03 | N/A N/A N/A
(w319 Excavation 2.29E+03 4.00E+00 9.17E+03 | N/A N/A N/A
Backfill 2.75E+03 4.00E+00 1.10E+04 | N/A N/A N/A
Site preparation 3.43E+02 1.60E+01 5.49E+03 | N/A N/A N/A
Concrete 6.42E+02 6.00E+00 3.85E+03 | N/A N/A N/A
Burial 1.30E+01 1.60E+01 2.08E+02 | N/A N/A N/A
Consumables 3.00E+00 1.40E+02? N/A N/A 420E+02 | N/A
Cement 1.10E+01 8.00E+02 3 N/A N/A N/A 8.80E+03
Steel 2.40E+01 8.00E+02° N/A N/A N/A 1.92E+04
Construction Sand/gravel 1.82E+03 1.00E+01 ' 1.82E+04 | N/A N/A N/A
(Annex) Concrete 3.39E+03 6.00E+00 2.03E+04 | N/A N/A N/A
Diesel 3.10E+01 1.40E+02? N/A N/A 4.34E4+03 | N/A
Consumables 1.20E+03 1.40E+022 | N/A N/A 1.68E+05 | N/A
Cement and steel | 7.00E+00 8.00E+02 3 N/A N/A N/A 5.60E+03
Remediation - Vitrification Plant
Construction Site preparation | 3.70E+03 1.60E+01 5.92E4+04 | N/A N/A N/A
Excavation 1.45E+05 4.00E+00 5.79E+05 | N/A N/A N/A
Backfill 6.88E+04 4.00E+00 2.75E+05 | N/A N/A N/A
Sand/gravel 1.49E+04 1.00E+01 ' 1.49E+05 | N/A N/A N/A
Concrete 2.78E+04 6.00E+00 1.67E+05 | N/A N/A N/A
Burial 1.04E+04 1.60E+01 1.6TE+05 | N/A N/A N/A
Diesel 9.91E+02 1.40E+02% | N/A N/A 1.39E+05 | N/A
Consumables 4.00E+03 1.40E+02% | N/A N/A 5.60E+05 | N/A
Cement and steel | 5.80E+01 8.00E+02° N/A N/A N/A 4.64E+04
Operations Excavation 1.20E+05 4.00E+00 4.79E+05 | N/A N/A N/A
Backfilt 8.22E+04 4.00E+00 3.29E+05 | N/A N/A N/A
Burial 6.49E+03 1.60E+01 1.04E+05 | N/A N/A N/A
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Table E.10.2.3 Summary of Transportation Activities for the Ex Situ/In Situ Combination 2 Alternative (cont'd)

Activity Cargo ' Trips Distance Total distance (km)
(km) )
(round-trip) Onsite Offsite
Truck Rail Truck Rail
Sand/gravel 1.52E+04 1.00E+01' 1.52E+05 | N/A N/A N/A
Concrete 2.83E+04 6.00E+00 1.70E+05 | N/A N/A N/A
Diesel 2.26E+02 1.40E+022 N/A N/A 3.16E+04 | N/A
Kerosene 1.24E+03 1.40E+02 2 N/A N/A 1.73E+05 | N/A
Glass form 6.76E+03 1.40E+022 | N/A N/A 9.46E+05 | N/A
IX resins 1.00E+00 1.40E+02 2 N/A N/A 1.40E+02 | N/A
NH, 1.30E+02 8.00E+02° N/A N/A 1.04E+05 | N/A
HNO, 5.40E+01 8.00E+02°% | N/A N/A 4.32E+04 | N/A
NaQOH 3.32E+02 8.00E+02° N/A N/A 2.66E+05 | N/A
Cement, steel, 1.21E+02 8.00E+02% | N/A N/A N/A 9.68E+04
and chemicals
Closure

Grout tank Sand/gravel 1.66E+03 1.00E+01 ' 1.66E+04 | N/A N/A N/A

domes,

MUSTs, and Concrete 3.11E+03 6.00E+00 1.87E+04 | N/A N/A N/A

ancillary . 5

equipment Diesel 3.83E+02 1.40E+02 N/A N/A 5.36E+04 | N/A
Cement 3.00E+00 8.00E+02° N/A N/A N/A 2.40E+03

Gravel fill Gravel 6.21E+04 1.00E+01 ' 6.21E+05 | N/A N/A N/A

tanks

Barrier Silt 3.48E+04 3.00E+01 * 1.04E+06 | N/A N/A N/A
Sand/gravel 3.93E+04 1.00E+01 ' 3.93E+05 | N/A N/A N/A
Basalt 5.88E+04 3.20E+01 ° 1.88E+06 | N/A N/A N/A
Diesel 2.72E+03 1.40E+02% | N/A N/A 3.80E+05 | N/A
Asphalt 5.77E+03 1.40E4+02% | N/A N/A 8.07E+05 | N/A
Fabric 2.00E+00 8.00E+02* N/A N/A 1.60E+03 | N/A

Total km 6.67E+06 | 0.00 3.68E+06 | 1.79E+05

Notes:

! Round-trip distance from Pit 30 borrow site.

2 Round-trip distance from Tri-Cities area,

3 Round-trip distance from Portland/Seattle area.

4 Round-trip distance from McGee Ranch borrow site.

5 Round-trip distance from Vernita Quarry borrow site.

N/A= Not applicable
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Table E.10.2.4 Distance Traveled in Population Zones for the Ex Sitw/In Situ Combination 2 Alternative

Mode Urban' Suburban? Rural’®
Truck 1.84E+05 6.86E+06 3.31E+06
Rail 8.96E+03 8.96E+03 1.61E+05
Notes:

! Urban represents 5 percent of the total offsite distance from Table E.10.2.3.
? Suburban represents 5 percent of total offsite distance and 100 percent of total onsite from Table E.10.2.3.
? Rural represents 90 percent of total offsite distance from Table E.10.2.3.

Table E.10.2.5 Fatalities and Injuries Resulting from Truck and Rail Transportation Accidents for the

Ex Situ/In Situ Combination 2 Alternative

Mode Impact Urban Suburban Rural Total Fatalities | Total Injuries
Truck Fatality 1.38E-03 8.92E-02 1.75E-01 2.66E-01 N/A
Injury 6.80E-02 2.61E+00 2.65E+00 N/A 5.32E+00
Rail Fatality 1.52E-04 1.52E-04 2.74E-03 3.05E-03 N/A
Injury 2.86E-04 2.96E-04 5.32E-03 N/A 5.91E-03
Total 2.69E-01 5.33E+00
Notes:

N/A = Not applicable

Each person was assumed to work 260 days of the year. The round-trip distance traveled to work from
the Tri-Cities area was estimated at 140 km (87 mi) with an estimated 1.35 passengers per vehicle
(DOE 1994a). From the information listed previously the total employee vehicle distance was
calculated as follows: .
(5.36E+04 person-years) - (260 days/year) - (140 km/day) - (1/1.35 passengers per vehicle) =
1.45E+09 km (9.02E+8 mi)

To calculate the expected number of injuries and fatalities resulting from vehicle accidents, the
injury/fatality rates discussed in Section E.1.3 were used. The expected number of injuries and
fatalities resulting from employee vehicle accidents were calculated as follows:

Injuries = (1.45E+09 km) - (7.1E-07 injuries’km) = 1.03E+03
Fatalities = (1.45E+09 km) - (8.98E-09 fatalities’km) =1.30E+01

Cumulative Transportation Injuries and Fatalities
The cumulative nonradiological and nontoxicological injuries and fatalities incurred as a direct result of
traffic accident impacts are the sum of the truck and rail transport and employee vehicle accidents.

The results are summarized in Table E.10.2.6.
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Table E.10.2.6 Cumulative Injuries and Fatalities from Traffic Impacts for the
Ex Situ/In Situ Combination 2 Alternative

Mode Fatalities Injuries
Truck and rail transport 2.69E-01 5.33E4+00
Employee vehicle 1.30E+01 1.03E+03
Total 1.33E+01 1.04E+03

E.10.3 OPERATION ACCIDENTS

The radiological and chemical operation accidents for the Ex Situ/In Situ Combination 2 alternative are
the same as the Ex Situ Intermediate Separations alternative and the In Situ Fill and Cap alternative.
The radiological cancer risk and the chemical exposure would be bound by the Ex Situ Intermediate
Separations alternative presented in Section E.6.3 and are summarized as follows.

E.10.3.1 Routine Operation - Mispositioned Jumper Accident - Tank Waste Transfers

The dominant routine operations accident during tank waste transfers is the mispositioned jumper
accident previously discussed in the No Action alternative in Section E.2.2.1 and are summarized as
follows:

Source-Term - The source-term resulting from a spray release in Section E.2.2.1.1 was calculated to
be 52 L (14 gal).

Probability - The frequency of a mispositioned jumper in Section E.2.2.1.2 was 1.1E-02 per year.
The Ex Situ/In Situ Combination 2 alternative was based on 16 years of operations; therefore, the

probability was calculated to be 1.8E-01.

Radiological Consequences - The radiological consequences presented in Table E.2.2.2 are
reproduced in Table E.10.3.1. '

Table E.10.3.1 Dose Consequence from Mispositioned Jumper

Receptor Dose CEDE (person-rem)
Nominal Scenario Bounding Scenario
MEI worker 5.88E+01 1.33E+03
Workers (10)" 5.88E+02 1.33E+04
MEI noninvolved worker 1.92E+01 - 4.35E+02
Noninvolved worker (1,835) 7.23E+02 1.64E+04
MEI general public 8.44E-02 1.91E+00
General public (114,734)' | 1.77E+02 4,01E+03

Notes:

! Number of people in exposed population.
CEDE = Committed effective dose equivalent
MEI = Maximally-exposed individual
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Radiological Cancer Risk - The LCFs calculated in Section E.2.2.1.4 are the same for the Ex Situ/In
Situ Combination 2 alternative; however, the LCF risk (point estimate) is not the same due to the
difference in probabilities. The LCFs and the LCF risk are calculated in Table E.10.3.2. The
bounding scenario calculations show that all 10 workers would potentially receive a fatal dose and
assumably die directly after the exposure if the accident occurred. There would be approximately
seven LCFs from the noninvolved worker population and two from the general public. The nominal
scenario calculations show there would be no LCFs.

Table E.10.3.2 Latent Cancer Fatality Risk from Mispositioned Jumper

Receptor Dose CEDE LCF/rem LCF! Probability LCF Risk
(person-rem) (point estimate)
Nominal Scenario
MEI worker 5.88E+01 8.00E-04 4.70E-02 1.75E-01 8.23E-03
Workers (10) ? 5.88E+02 8.0E-04 4.70E-01 1.75E-01 8.23E-02
MEI noninvolved worker 1.92E+01 4.00E-04 7.68E-03 1.75E-01 1.34E-03
Noninvolved workers (1,835) ? 7.23E+02 4.00E-04 2.89E-01 1.75E-01 5.06E-02
MEI general public 8.44E-02 5.00E-04 4.22E-05 1.75E-01 7.39E-06
General public (114,734) 2 1.77E+02 5.00E-04 8.85E-02 1.75E-01 1.55E-02
- Bounding Scenario
MEI worker 1.33E+03 lethal 1.00E+00 | 1.75E-01 1.75E-01
Workers (10) ? 1.33E+04 lethal 1.00E+01 | 1.75E-01 1.75E+00
MEI noninvolved worker 4.35E+02 lethal 1.00E+00 | 1.75E-01 1.75E-01
Noninvolved workers (1,835) 2 1.64E+04 4.00E-04 6.56E+00 1.75E-01 1.15E+00
MEI general public 1.91E+00 5.00E-04 9.55E-04 1.7SE-01 1.67E-04
General public (114,734) 2 4.01E+03 5.00E-04 2.01E+00 | 1.75E-01 3.51E-01

Notes:

!"Total number of fatal cancers if the accident occurs.
2 Number of people in exposed population.
CEDE = Committed effective dose equivalent

LCF = Latent cancer fatality

MEI = Maximally-exposed individual

Chemical Consequences

Potential acute hazards associated with a mispositioned jumper are identical to those summarized in
Tables E.2.2.4 (toxic chemicals, nominal conditions), E.2.2.5 (toxic chemicals, bounding conditions),
E.2.2.6 (corrosive/irritant chemicals, nominal conditions) and E.2.2.7 (corrosive/irritant chemicals,
bounding conditions) for the No Action alternative.
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Toxic Impact from Chemical Exposure

Under nominal conditions (Table E.2.2.4), the cumulative acute hazard ratios for the MEI worker,
MEI noninvolved worker, and MEI general public were less than 1.0, indicating that no adverse acute
health effects would be expected for these three receptors. Under bounding conditions (Table E.2.2.5),
the MEI worker was not evaluated because death would occur from exposure to radionuclides. The
cumulative acute hazard ratio for the MEI noninvolved worker was 5.36E+00 for ERPG-2, indicating
that reversible acute health effects would be expected. This acute hazard ratio was primarily
attributable to mercury (approximately 89 percent of the overall hazard ratio). No adverse acute health
effects were predicted for the MEI general public under bounding conditions.

Corrosive/Irritant Impact from Chemical Exposure

Under nominal conditions (Table E.2.2.6), the cumulative acute hazard ratio for the MEI worker was
'2.70E+00 for ERPG-3, indicating the potential for irreversible health effects that could be life
threatening. This acute hazard ratio was almost entirely attributable to sodium assumed to be
equivalent to sodium hydroxide in corrosive/irritant effects. For the MEI noninvolved worker, the
cumulative acute hazard ratio for ERPG-1 was 3.00E+00, indicating that only mild reversible irritant
effects would be expected. No acute health impacts were predicted for the MEI general public under
nominal conditions. Under bounding conditions (Table E.2.2.7), the MEI worker was not evaluated
because death would occur from exposure to radionuclides. For the MEI noninvolved worker, the
cumulative acute hazard ratio for ERPG-1 was 4.36E+00, indicating that only mild, reversible irritant
effects would be expected. No acute health impacts were predicted for the MEI general public under
bounding conditions.

Under both nominal and bounding conditions, the probability of a mispositioned jumper is 1.75E-01.

E.10.3.2  Continued Operations Accident - Waste Storage Tanks
The dominant accident is a hydrogen deflagration in a waste storage tank previously discussed in the
No Action alternative in Section E.2.2.2.1 and is summarized as follows:

Source-Term - The source-term resulting from the fire in Section E.2.2.2.1 was calculated tobe 2.4 L
(0.6 gal).

Probability - The frequency of the hydrogen deflagration in a waste storage tank in Section E.2.2.2.2
was estimated to be 7.2E-03 per year. The probability of the scenario based on 25 years of operation
was therefore estimated to be 1.8EO1.

Radiological Consequences - The radiological consequences presented in Table E.2.2.8 are
reproduced in Table E.10.3.3.

Radiological Cancer Risk - The LCFs calculated in Section E.2.2.2.4 are reproduced in
Table E.10.3.4.

TWRS EIS E-293 Volume Four




Appendix E Risk from Accidents
Table E.10.3.3 Dose Consequence from Hydrogen Deflagration in Waste Storage Tank
Receptor Dose CEDE (person-rem)
Nominal Scenario Bounding Scenario

MEI worker 3.91E+01 7.31E+03
Workers (10)' 3.91E+02 7.31E+04
MEI noninvolved worker 9.40E+00 1.76E+03
Noninvolved worker (1,835)’ 1.32E+02 247E+04
MEI general public 2.28E-02 4.26E+00
General public (114,734)" 1.99E+01 3.72E+03

Notes:

' Number of people in exposed population,
CEDE = Committed effective dose equivalent
MEI = Maximally-exposed individual

Table E.10.3.4 Latent Cancer Fatality Risk from Hydrogen Deflagration in Waste Storage Tank

Receptor Dose CEDE LCF/rem LCF' Probability LCF Risk
(person-rem) (point estimate)
Nominal Scenario
MEI worker 3.91E+01 8.00E-04 3.13E-02 1.80E-01 5.63E-03
Workers (10) 2 391E+Q2 8.00E-04 3.13E-01 1.80E-01 5.63E-02
MEI noninvolved worker 9.40E+00 4.00E-04 3.76E-03 1.80E-01 6.77E-04
Noninvolved workers (1,835) ? 1.32E+02 4.00E-04 5.28E-02 1.80E-01 9.50E-03
MEI general public 2.28E-02 5.00E-04 1.14E-05 1.80E-01 - 2.05E-06
General public (114,734) 2 1.99E+01 5.00E-04 9.95E-03 1.80E-01 1.79E-03
Bounding Scenario
MEI worker 7.31E+03 lethal 1.00E+00 1.80E-01 1.80E-01
Workers (10) ? 7.31E+04 lethal 1.00E+01 1.80E-01 1.80E+00
MEI noninvolved worker 1.76E+03 lethal 1.00E+00 1.80E-01 1.80E-01
Noninvolved workers (1,835) ? 2.47E+04 4.00E-04 9.88E+00 1.80E-01 : 1.78E400
MEI general public 4.26E+00 5.00E-04 2.13E-03 1.80E-01 3.83E-04
General public (114,734) 2 3.72E+03 5.00E-04 1.86E+00 1.80E-01 3.35E-01

Notes:

! Total number of fatal cancers if the accident occurs.
2 Number of people in exposed population.
CEDE = Committed effective dose equivalent

LCF = Latent cancer fatality

MEI = Maximally-exposed individual
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In the bounding scenario all 10 workers would potentially receive a fatal dose and assumably die
directly after the exposure. There would also be 10 LCFs attributed to the exposure to the noninvolved
workers and 2 LCFs to the general public if the accident occurred. The nominal scenario calculations
-show there would be no LCFs.

Chemical Consequences

Potential acute hazards associated with a hydrogen burn in a waste storage tank are identical to those
summarized in Tables E.2.2.10 (toxic chemicals, nominal conditions), E.2.2.11 (toxic chemicals,
bounding conditions), E.2.2.12 (corrosive/irritant chemicals, nominal conditions) and E.2.2.13
(corrosive/irritant chemicals, bounding conditions) for the No Action alternative.

Under bounding conditions, chemical impacts were not evaluated for the MEI worker because all

workers would receive a lethal radiation dose, as discussed previously.

Toxic Impact from Chemical Exposure

Under nominal conditions (Table E.2.2.10), the cumulative acute hazard ratio for the MEI worker was
1.57E+00 for ERPG-2, indicating that reversible acute health effects would be expected. This acute
hazard ratio was primarily attributable to TOC (approximately 87 percent of the overall ERPG-2 ratio).
The TOC is assumed to be equivalent in toxicity to tributylphosphate, which is the most acutely toxic
constituent of the organic analytes identified. Tributylphosphate was used as a surrogate because an
inventory of the various chemicals that make up the TOC class is not available. For the MEI
noninvolved worker, the cumulative acute hazard ratio for ERPG-3 was 9.38E+00, indicating the
potential for irreversible health effects that could be life threatening. This acute hazard ratio was also
primarily attributable to TOC (approximately 90 percent of the overall ERPG-3 ratio). However, the
MEI noninvolved worker is a hypothetical worker assumed to be located 100 m (330 ft) from the
source area. The nearest noninvolved worker population is located 290 m (950 ft) from the source area
and had no cumulative acute hazard ratios greater than 1.0 for any of the ERPGs, indicating that no
acute health effects would be expected for the nearest noninvolved worker population. Likewise, no
acute health effects were predicted for the MEI general public under nominal conditions.

Under bounding conditions (Table E.2.2.11), the cumulative acute hazard ratio for the MEI
noninvolved worker was 4.54E+02 for ERPG-3, indicating the potential for irreversible health effects
that could be life-threatening. This acute hazard ratio is primarily attributable to:

. Oxalate (approximately 37 percent of the total hazard ratio);

. Beryllium (approximately 13 percent of the total hazard ratio);

. Cadmium (approximately 14 percent of the total hazard ratio);

. Uranium (approximately 12 percent of the total hazard ratio); and
. TOC (approximately 8 percent of the total hazard ratio).

As discussed previously, this is a hypothetical receptor located 100 m (330 ft) from the source. The
cumulative acute hazard ratio for the nearest noninvolved worker population located 290 m (950 ft)
from the source was 1.65E+00 for ERPG-3, indicating the potential for irreversible health effects that
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could be life threatening for 335 workers. This hazard ratio was attributable to the same toxic
chemicals listed above. This exceedance of the ERPG-3 criterion for the nearest noninvolved worker
population would not be expected to result in irreversible health effects or place these workers in a life-
threatening situation for the following reasons.

. ERPG-3 is defined as a concentration in which a receptor can be exposed for 1 hour
without irreversible health effects. Because the Hanford Site has an in-place
emergency response plan designed to evacuate workers within 1 hour of an accident,
workers would be expected to evacuate their location and move to an area where
potential exposures would be well below ERPG-3. Therefore, this worker population
would not be exposed to airborne concentrations that would be either life threatening or
result in irreversible health effects.

. The estimated air concentrations of chemicals as a result of this accident were based on
very conservative meteorology, which results in movement of a plume directly toward
the worker population at a relatively slow rate with minimal wind dispersion. If less
conservative meteorological parameters were used, wind dispersion would cause the
estimated air concentrations of chemicals to be substantially less, and the ERPG-3
criterion would not be exceeded.

. Only the bounding toxic chemical evaluation exceeded ERPG-3, while the nominal
evaluation was well below 1.00E+00 for ERPG-3, suggesting that the noninvolved
worker population would not receive an exposure that would result in any permanent
health effects.

The next nearest noninvolved worker population is located 1,780 m (5,840 ft) from the source and
contains 1,500 workers. The cumulative acute hazard ratio was less than 1.0 for all ERPGs, indicating
that no acute health effects would be expected for this population of workers. No acute health impacts
were predicted for the MEI general public.

Corrosive/Irritant Impact from Chemical Exposure

Under nominal conditions (Table E.2.2.12), the cumulative acute hazard ratio for the MEI worker was
3.82E+00 for ERPG-3, indicating the potential for irreversible corrosive/irritant effects that could be
life threatening. For the MEI noninvolved worker, the cumulative acute hazard ratio for ERPG-3 was
7.89E+01 and would indicate irreversible corrosive/irritant effects that could be life threatening for
this hypothetical receptor. This hazard ratio was primarily attributable to sodium, which was assumed
to be equivalent to sodium hydroxide in corrosive/irritant effects. For the nearest noninvolved worker
population (290 m [950 ft]) composed of 335 workers, the cumulative acute hazard ratio for ERPG-1
was 1.38E+01, indicating that only mild, reversible effects would be expected. No acute health
impacts were predicted for the MEI general public under nominal conditions.

Under bounding conditions (Table E.2.2.13), the cumulative acute hazard ratio for the MEI

noninvolved worker was 1.91E+02 for ERPG-3, indicating irreversible health effects that could be life
threatening for this hypothetical receptor. This hazard ratio was primarily attributable to:
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. Sodium as sodium hydroxide (approximately 75 percent of the total hazard ratio);
. Chromium (approximately 14 percent of the total hazard ratio); and
. Calcium (approximately 6 percent of the total hazard ratio).

For the nearest noninvolved worker population (290 m {950 ft]) composed of 335 workers, the
cumulative acute hazard ratio was 1.74E+00 for ERPG-2, indicating that reversible acute effects
would be expected. No acute health impacts were predicted for the MEI general public under nominal

conditions.

Under both nominal and bounding conditions, the probability of a hydrogen deflagration event in a

waste storage tank is 1.80E-01.

E.10.3.3 Retrieval - Loss of Filtration Accident

The dominant retrieval operations accident is the loss of filtration accident previously discussed in the
Ex Situ Intermediate Separations alternative in Section E.6.3.3 and is summarized as follows.

Source-Term - The source-term resulting from the airborne release in Section E.6.3.3.1 was calculated

to be 2.5E-01 L (6.6E-02 gal).

Probability - The frequency of a loss of filtration in section E.6.3.3.2 was 8.8E-06 per year. The Ex
Situ/In Situ Combination 2 retrieval activity was based on 25 years of operations; therefore, the

probability was calculated to be 2.2E-04.

Radiological Consequences - The radiological consequences presented in Section 6.3.3.3 are

reproduced in Table E.10.3.5.

Table E.10.3.5 Dose Consequence from Loss of Filtration

Receptor Dose CEDE (person-rem)
Nominal Scenario Bounding Scenario
MEI worker 4.89E+01 3.26E+03
Workers (10)' 4.89E+02 3.26E+04
MEI noninvolved worker ) 3.22E-01 2.14E+01
Noninvolved worker (1,835)" 1.37E+01 9.16E+02
MEI general public 1.38E-03 9.22E-02
General public (114,734)" 2.07E+00 1.38E+02
Notes:
! Number of people in exposed population.
CEDE = Committed effective dose equivalent
MEI = Maximally-exposed individual
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Radiological Cancer Risk - The LCFs and the LCF point estimate risk were calculated for the
receptors and are presented in Table E.10.3.6.

In the bounding scenario all 10 workers would potentially receive a fatal dose and assumably die
directly after the exposure if the accident occurred. The calculations also show there would be less
than one LCF attributed to the exposure to the noninvolved workers and the general public if the
accident occurred. The nominal scenario calculations show there would be no LCFs.

Table E.10.3.6 Latent Cancer Fatality Risk from Loss of Filtration

Receptor Dose CEDE LCF/rem LCF' Probability LCF Risk
(person-rem) (point estimate)
Nominal Scenario
MEI worker 4.89E+01 8.00E-04 3.91E-02 2.20E-04 8.61E-06
Workers (10) ? 4.89E+02 8.00E-04 3.91E-01 2.20E-04 8.61E-05
MEI noninvolved worker 3.22E-01 4.00E-04 1.29E-04 2.20E-04 2.83E-08
Noninvolved workers (1,835) 2 1.37E+01 4.00E-04 5.48E-03 2.20E-04 1.21E-06
MEI general public 1.38E-03 5.00E-04 6.90E-07 2.20E-04 1.52E-10
General public (114,734) 2 2.07E+00 5.00E-04 1.04E-03 2.20E-04 2.28E-07
Bounding Scenario
MEI worker 3.26E+03 lethal 1.00E+00 2.20E-04 2.20E-04
Workers (10) 2 3.26E+04 lethal 1.00E+01 2.20E-04 2.20E-03
MEI noninvolved worker 2.14E+01 8.00E-04 1.71E-02 2.20E-04 3.77E-06
Noninvolved workers (1,835) ? 9.16E+02 4.00E-04 3.66E-01 2.20E-04 8.06E-05
MEI general public 9.22E-02 5.00E-04 4.61E-05 2.20E-04 1.01E-08
General public (114,734) 2 1.38E+02 5.00E-04 6.90E-02 2.20E-04 1.52E-05

Notes:

!'Total number of fatal cancers if the accident occurs.

2 Number of people in exposed population.
CEDE = Committed effective dose equivalent

LCF = Latent cancer fatality

MEI = Maximally-exposed individual

Chemical Consequences

The chemical exposure to the receptors from the postulated accident was calculated in Appendix A of
the accident data package (Shire et al. 1995 and Jacobs 1996) and summarized in the exposure column
in Tables E.6.3.8 and E.6.3.9 for the nominal and bounding toxic effects, respectively, and

Tables E.6.3.10 and E.6.3.11 for the nominal and bounding corrosive/irritant effects, respectively.
The tables compare the concentration of postulated chemical releases to acute exposure criteria
(ERPGs) discussed in Section 1.1.7.
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Under bounding conditions, chemical impacts were not evaluated for the MEI worker because all
workers would receive a lethal radiation dose, as discussed previously.

Under nominal conditions (Table E.6.3.8), the cumulative acute hazard ratio for the MEI worker was
less than 1.0 for all ERPGs, indicating that no adverse acute health effects would be expected. For the
MEI noninvolved worker, the cumulative acute hazard ratio was 1.84E+00 for ERPG-1, indicating
that only mild, transient, acute health effects would be expected. No acute health effects were
predicted for the MEI general public under nominal conditions.

Under bounding conditions (Table E.6.3.9), the cumulative acute hazard ratio for the MEI noninvolved
worker was 7.27E+01 for ERPG-3, indicating the potential for irreversible health effects that could be
life threatening. This acute hazard ratio is primarily attributable to:

. Uranium (approximately 48 percent of the total hazard ratio);
. Oxalate (approximately 24 percent of the total hazard ratio);
. Mercury (approximately 13 percent of the total hazard ratio); and

. TOC (approximately 7 percent of the total hazard ratio).

As discussed previously, this is a hypothetical receptor located 100 m (330 ft) from the source. The
cumulative acute hazard ratio for the nearest noninvolved worker population (335 workers) located
290 m (950 ft) from the source was 5.40E+00 for ERPG-2, indicating that reversible acute health
effects would be expected. No acute health impacts were predicted for the MEI general public.

Corrosive/Irritant Impact from Loss of Filtration

Under nominal conditions (Table E.6.3.10), the cumulative acute hazard ratio for the MEI worker was
2.11E+00 for ERPG-2, indicating that reversible corrosive/irritant effects would be expected. - For the
MEI noninvolved worker, the cumulative acute hazard ratio for ERPG-3 was 1.72E+01 and would
indicate irreversible corrosive/irritant effects that could be life threatening for this hypothetical
receptor. This hazard ratio was primarily attributable to sodium, which was assumed to be equivalent
to sodium hydroxide in corrosive/irritant effects. For the nearest noninvolved worker population

(290 m [950 ft]) composed of 335 workers, the cumulative acute hazard ratio for ERPG-1 was
3.02E+00, indicating that only mild, transient irritant effects would be expected. No acute health
impacts were predicted for the MEI general public under nominal conditions.

Under bounding conditions (Table E.6.3.11), the cumulative acute hazard ratio for the MEI
noninvolved worker was 2.47E+01 for ERPG-3, indicating irreversible health effects that could be life
threatening for this hypothetical receptor. This hazard ratio was primarily attributable to :
. Sodium as sodium hydroxide (approximately 82 percent of the total hazard ratio); and
. Calcium (approximately 9 percent of the total hazard ratio).

For the nearest noninvolved worker population (290 m [950 ft]) composed of 335 workers, the
cumulative acute hazard ratio was 4.38E+00 for ERPG-1, indicating that only mild, transient irritant
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effects would be expected. No acute health impacts were predicted for the MEI general public under
nominal conditions.

Under both nominal and bounding conditions, the probability of a loss of filtration event in a waste
storage tank is 2.20E-04.

E.10.3.4 Pretreatment - Seismic Induced Line Break in Vault

The dominant pretreatment operations accident is the seismic-induced line break in vault accident
previously discussed in the Ex Situ Intermediate Separations alternative in Section E.6.3.4 and is
summarized as follows:

Source-Term - The source-term resulting from the airborne release in Section E.6.3.4.1 was calculated
to be 7.3E-02 L (1.9E-02 gal).

Probability - The annual exceedance frequency of the seismic event in Section E.6.3.4.2 was 6.5E-04
per year. The Ex Situ/In Situ Combination 2 alternative was based on 25 years of operations;

therefore, the probability was calculated to be 1.6E-02.

Radiological Consequences - The radiological consequences presented in Section 6.3.4.3 are
reproduced in Table E.10.3.7.

Table E.10.3.7 Dose Consequence from Seismic Induced Line Break in Vault

Receptor Dose CEDE (person-rem)

Nominal Scenario Bounding Scenario |
MEI worker 1.84E+00 6.97+00 |
Workers (10)' 1.84E+01 6.97+01 |
MEI noninvolved worker 2.74E-02 1.04E-01 |
Noninvolved worker (1,835)! 1.03E+00 3.92E+00 |
MEI general public 1.20E-04 4.57E-04 |
General public (114,734)" 2.53E-01 9.60E-01 l

Notes:

" Number of people in exposed population.
CEDE = Committed effective dose equivalent
MEI = Maximally-exposed individual

Radiological Cancer Risk - The LCFs and the LCF point estimate risk were calculated for the
receptors and presented in Table E.10.3.8. The calculations show there would be no LCFs attributable
to this exposure if the accident occurs for the bounding and nominal scenarios.
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Table E.10.3.8 Latent Cancer Fatality Risk from Seismic-Induced Line Break in Vault
Receptor Dose CEDE LCF/rem LCF' Probability LCF Risk
(person-rem) (point estimate)

Nominal Scenario

MEI worker 1.84E+00 4.00E-04 7.36E-04 1.63E-02 1.20E-05

Workers (10) ? 1.84E+01 4.00E-04 7.36E-03 1.63E-02 1.20E-04

MEI noninvolved worker 2.74E-02 4.00E-04 1.10E-05 1.63E-02 1.79E-07

Noninvolved workers (1,835) * 1.03E+00 4.00E-04 4.12E-04 1.63E-02 6.72E-06

MEI general public 1.20E-04 5.00E-04 6.00E-08 1.63E-02 9.78E-10

General public (114,734) * 2.53E-01 5.00E-04 1.27E-04 1.63E-02 2.06E-06
Bounding Scenario

MEI worker 6.97E+00 4.00E-04 2.79E-03 1.63E-02 4.54E-05

Workers (10) ? 6.97E+01 4.00E-04 2.79E-02 1.63E-02 4.54E-04

MEI noninvolved worker 1.04E-01 4.00E-04 4.16E-05 1.63E-02 6.78E-07

Noninvolved workers (1,835) 2 3.92E+00 4.00E-04 1.57E-03 1.63E-02 2.56E-05

MEI general public 4.57E-04 5.00E-04 2.29E-07 1.63E-02 3.72E-09

General public (114,734) 9.60E-01 5.00E-04 4.80E-04 1.63E-02 7.82E-06

Notes:

" Total number of fatal cancers if the accident occurs,
? Number of people in exposed population.
CEDE = Committed effective dose equivalent

LCF = Latent cancer fatality

MEI = Maximally-exposed individual

Chemical Consequences

The chemical exposure to the receptors from the postulated accident was calculated in Appendix A of

the accident data package (Shire et al. 1995 and Jacobs 1996) and summarized in the exposure column
in Tables E.6.3.14 and E.6.3.15 for the nominal and bounding toxic effects, respectively, and

Tables E.6.3.16 and E.6.3.17 for the nominal and bounding corrosive/irritant effects, respectively.
The tables compare the concentration of postulated chemical releases to acute exposure criteria
(ERPGs) discussed in Section 1.1.7.

Toxic Impact from Chemical Exposure

Under nominal conditions (Table E.6.3.14), the cumulative acute hazard ratios for the MEI worker,
MEI noninvolved worker, and MEI general public were less than 1.0, indicating that no adverse acute
health effects would be expected for these three receptors. Under bounding conditions

(Table E.6.3.15), the cumulative acute hazard ratios for the MEI worker, MEI noninvolved worker and
MEI general public were less than 1.0, indicating that no adverse acute health effects would be
expected for these three receptors.
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Corrosive/Irritant Impact from Chemical Exposure

Under nominal conditions (Table E.6.3.16), the cumulative acute hazard ratios for the MEI worker,
MEI noninvolved worker, and MEI general public were less than 1.0, indicating that no adverse acute
health effects would be expected for these three receptors. Under bounding conditions

(Table E.6.3.17), the cumulative acute hazard ratios for the MEI worker, MEI noninvolved worker,
and MEI general public were less than 1.0, indicating that no adverse acute health effects would be
expected for these three receptors.

Under both nominal and bounding conditions, the probability of a pretreatment spray release is
1.63E-02 .

E.10.3.5 Treatment (Ex Situ Vitrification) - Canister of Vitrified High-Level Waste
Inadvertently Drops and Ruptures

The dominant immobilization operations accident is the "canister of vitrified HLW inadvertently drops

and ruptures” accident previously discussed in the Ex Situ Intermediate Separations alternative in

Section E.6.3.5 and is summarized as follows:

Source-Term - The source-term resulting from the airborne release in Section E.6.3.5.1 was calculated
to be 2.5E-06 g (8.8E-08 oz).

Probability - The frequency of the accident in Section E.6.3.5.2 was 6.0E-01 per year. The Ex Situ/In
Situ Combination 2 alternative was based on 25 years of operations; therefore, the probability was

calculated to be 1.0E+00.

Radiological Consequences - The radiological consequences presented in Section 6.3.5.3 are
reproduced in Table E.10.3.9.

Table E.10.3.9 Dose Consequence from Breached Canister

Receptor Dose CEDE (person-rem)
Nominal Scenario Bounding Scenario
MEI worker 4.53E-08 2.72E-05
Workers (10)! 4.53E-07 2.72E-04
MEI noninvolved worker 6.77E-10 4.06E-07
Noninvolved worker (1,835)! 2.55E-08 1.53E-05
MEI general public 1.00E-12 6.01E-10
General public (114,734)" 2.23E-09 1.34E-06

Notes:

! Number of people in exposed population.
CEDE = Committed effective dose equivalent
MEI = Maximally-exposed individual
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Radiological Cancer Risk - The LCFs and the LCF point estimate risk were calculated for the
receptors and presented in Table E.10.3.10. The calculations show there would be no LCFs
attributable to this exposure if the accident occurs for the bounding and nominal scenarios.

Table E.10.3.10 Latent Cancer Fatality Risk from Breached Canister

Receptor Dose CEDE | LCF/rem | LCF' Probability LCF Risk
(person-rem) | . (point estimate)

Nominal Scenario

MEI worker 4.53E-08 4.00E-04 1.81E-11 1.00E+00 1.81E-11
Workers (10) 2 4.53E-07 4.00E-04 1.81E-10 1.00E+00 1.81E-10
MEI noninvolved worker 6.77E-10 4.00E-04 2.71E-13 1.00E+00 2.71E-13
Noninvolved workers (5,500) ? 2.55E-08 4.00E-04 1.02E-11 1.00E+00 1.02E-11
MEI general public 1.00E-12 5.00E-04 5.00E-16 1.00E+00 | 5.00E-16
General public (114,734) ? 2.23E-09 5.00E-04 1.12E-12 1.00E+00 1.12E-12

Bounding Scenario

MEI worker 2.72E-05 4.00E-04 1.09E-08 1.00E+00 1.09E-08
Workers (10) 2.72E-04 4.00E-04 1.09E-07 1.00E+00 1.09E-07
MEI noninvolved worker 4.06E-07 4.00E-04 1.62E-10 1.00E+00 1.62E-10
Noninvolved workers (5,500) 2 1.53E-05 4.00E-04 6.12E-09 1.00E+00 6.12E-09
MEI general public 6.01E-10 | 5.00E-04 3.01E-13 1.00E+00 3.01E-13
General public (114,734) 2 1.34E-06 5.00E-04 6.70E-10 1.00E+00 6.70E-10
Notes:

! Total number of fatal cancers if the accident occurs.
? Number of people in exposed population.

CEDE = Committed effective dose equivalent

LCF = Latent cancer fatality

MEI = Maximally-exposed individual

Chemical Consequences - No chemical consequences were evaluated (Shire et al. 1995 and Jacobs
1996) because the release would be through two-stage HEPA filters that would reduce the source-term
well below the cumulative ratio of exposure to ERPG-1 values for toxic or corrosive/irritant chemicals.

E.10.3.6 Treatment - In Situ Fill and Cap

The dominant treatment operations accident is the tank deflagration accident resulting in a tank dome
collapse previously discussed in the In Situ Fill and Cap alternative in Section E.4.3.3 and is
summarized as follows:

Source-Term - The source-term resulting from the airborne release in Section E.4.3.3.1 was calculated
to be 7.5 L (2.0 gal).
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Probability - The probability of a tank dome collapse in Section E.4.3.3.2 was assumed to be 1.0E-04.

Radiological Consequences - The radiological consequences presented in Section 4.3.3.3 are
reproduced in Table E.10.3.11.

Table E.10.3.11 Dose Consequence from Tank Dome Collapse Due to Deflagration

Receptor Dose CEDE (person-rem)
Nominal Scenario Bounding Scenario
MEI worker 1.22E+02 8.11E+03
Workers (10)" 1.22E+03 | 8.11E+04
MEI noninvolved worker 2.93E+01 1.95E+03
Noninvolved worker (1,835)" . 4.11E+02 2.74E+04
MEI general public 7.09E-02 4.73E+00
General public (114,734)" 6.20E+01 4.13E+03

Notes:

! Number of people in exposed population.
CEDE = Committed effective dose equivalent
MEI = Maximally-exposed individual

Radiological Cancer Risk - All 10 workers and the MEI noninvolved worker would potentially receive
a lethal dose. The LCFs and the LCF point estimate risk were calculated for the receptors and
presented in Table E.10.3.12.

In addition to all 10 workers dying from a lethal dose, the calculations show there would be eleven
LCFs attributed to the exposure to the noninvolved workers and two LCFs attributed to the general
public if the accident occurred. The nominal scenario calculations show there would be no LCFs.

E.10.3.6.1 Chemical Consequences of Tank Dome Collapse

The chemical exposure to the receptors from the postulated accident was identical to that summarized
in the exposure column in Tables E.4.3.8 and E.4.3.9 for the nominal and bounding toxic effects,
respectively, and Tables E.4.3.10 and E.4.3.11 for the nominal and bounding corrosive/irritant effects,
respectively. The tables compare the concentration of postulated chemical releases to acute exposure
criteria (ERPGs) discussed in Section 1.1.7.

Under bounding conditions, chemical impacts were not evaluated for the MEI worker because all
workers would receive a lethal radiation dose, as discussed previously.

Toxic Impact from Chemical Exposure

Under nominal conditions (Table E.4.3.8), the cumulative acute hazard ratio for the MEI worker was
2.64E+00 for ERPG-1, indicating that only mild transient effects would be expected. For the MEI
noninvolved worker, the cumulative acute health hazard was 2.59E+-00 for ERPG-3, indicating the
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Table E.10.3.12 Latent Cancer Fatality Risk from Tank Dome Collapse Due to Deflagration

Receptor Dose CEDE LCF/rem LCF' Probability LCF Risk
(person-rem) (point estimate)
Nominal Scenario
MEI worker 1.22E+02 8.00E-04 9.76E-02 1.00E-04 9.76E-06
Workers (10) 2 1.22E+03 8.00E-04 9.76E-01 1.00E-04 9.76E-05
MEI noninvolved worker 2.93E+01 8.00E-04 2.34E-02 1.00E-04 2.34E-06
Noninvolved workers (1,835) 2 4.11E+02 4.00E-04 1.64E-01 1.00E-04 1.64E-05
MEI general public 7.09E-02 5.00E-04 3.55E-05 1.00E-04 3.55E-09
General public (114,734) 2 6.20E+01 5.00E-04 3.10E-02 1.00E-04 3.10E-06
Bounding Scenario
MEI worker 8.11E+03 lethal 1.00E+00 1.00E-04 1.00E-04
Workers (10) 2 8.11E+04 lethal 1.00E+01 1.00E-04 1.00E-03
MEI noninvolved worker 1.95E+03 lethal 1.00E+00 1.00E-04 1.00E-04
Noninvolved workers (1,835) 2.74E+04 4.00E-04 1.10E+01 1.00E-04 1.10E-03
MEI general public 4.73E+00 5.00E-04 2.37E-03 1.00E-04 2.37E-07
General public (114,734) 2 4.13E+03 5.00E-04 2.07E+00 1.00E-04 2.07E-04

Notes:

" Total number of fatal cancers if the accident occurs.
2 Number of people in exposed population.
CEDE = Committed effective dose equivalent

LCF = Latent cancer fatality

MEI = Maximally-exposed individual

potential for irreversible health effects that could be life threatening. This acute hazard ratio was
primarily attributable to TOC (approximately 84 percent of the total hazard ratio). The TOC is

assumed to be equivalent in toxicity to tributylphosphate, which is the most acutely toxic constituent of
the organic analytes identified. Tributylphosphate was used as a surrogate because an inventory of the

various chemicals that make up the TOC class is not available. The cumulative acute hazard ratio for
the nearest noninvolved worker population (consisting of 335 workers located 290 m [950 ft] away)
was less than 1.0 for all ERPGs, suggesting that no acute health effects would be expected.

Under bounding conditions (Table E.4.3.9), the cumulative hazard ratios for the MEI and nearest
noninvolved worker (335 workers located 290 m [950 ft] away) were 2.15E+03 and 7.80E+00 for
ERPG-3, respectively. These ratios were primarily attributable to:

. Uranium (approximately 47 percent of the total hazard ratio);
. Oxalate (approximately 24 percent of the total hazard ratio); and
. Mercury (approximately 13 percent of the total hazard ratio).
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This exceedance of the ERPG-3 criterion for the nearest noninvolved worker population would not be
expected to result in irreversible health effects or place these workers in a life-threatening situation for
the following reasons.

. ERPG-3 is defined as a concentration in which a receptor can be exposed for 1 hour
without irreversible health effects. Because the Hanford Site has an in-place
emergency response plan designed to evacuate workers within 1 hour of an accident,
workers would be expected to evacuate their location and move to an area where
potential exposures would be well below ERPG-3. Therefore, this worker population
would not be exposed to airborne concentrations that would be either life threatening or
result in irreversible health effects. _

. The estimated air concentrations of chemicals as a result of this accident were based on
very conservative meteorology, which results in movement of a plume directly toward
the worker population at a relatively slow rate with minimal wind dispersion. If less
conservative meteorological parameters were used, wind dispersion would cause the
estimated air concentrations of chemicals to be substantially less, and the ERPG-3
criterion would not be exceeded.

. Only the bounding toxic chemical evaluation exceeded ERPG-3, while the nominal
evaluation was well below 1.00E+00 for ERPG-3, suggesting that the noninvolved
worker population would not receive an exposure that would result in any permanent
health effects.

The cumulative acute hazard ratio for the next nearest noninvolved worker population, composed of
1,500 people and located 1,780 m (5,840 ft) away, was 2.15E+00 for ERPG-2, indicating that
reversible acute health effects would be expected. The cumulative acute hazard ratio for the MEI
general public was 1.76E+00 for ERPG-2, indicating that reversible acute health effects would be
expected.

Corrosive/Irritant Impact from Chemical Exposure

Under nominal conditions (Table E.4.3.10), the cumulative acute hazard ratios for the MEI worker,
MEI noninvolved worker, and nearest noninvolved worker (335 workers at 290 m [950 ft]) were
2.47E+01, 5.10E+02 and 1.85E+00, respectively, for ERPG-3, indicating the potential for
irreversible health effects that could be life threatening. These ratios were almost entirely attributable
to sodium, which was assumed to be equivalent to sodium hydroxide in corrosive/irritant effects.

As discussed previously, this exceedance of the ERPG-3 criterion would not be expected to result in
irreversible or life threatening health effects.

For the next nearest noninvolved worker population (1,500 workers at 1,780 m [5,840 ft]), the
cumulative acute hazard ratio was 1.20E+00 for ERPG-1, indicating that only mild irreversible irritant
effects would be anticipated. For the MEI general public, the cumulative acute hazard ratio was less
than 1.0 for all ERPGs, and no acute-health effects would be expected.
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Under bounding conditions (Table E.4.3.11), the cumulative acute hazard ratios for the MEI
noninvolved worker and nearest noninvolved worker (335 workers at 290 m [950 ft]) were 7.31E+02
and 2.65E+00, respectively for ERPG-3, indicating the potential for irreversible health effects that
could be life threatening. These acute hazard ratios were primarily attributable to:

. Sodium (approximately 83 percent of the total hazard ratio); and

. Calcium (approximately 10 percent of the total hazard ratio).

As discussed previously, this exceedance of the ERPG-3 criterion would not be expected to result in
irreversible or life threatening health effects.

For the next nearest noninvolved worker and MEI general public, the cumulative acute hazard ratios
were 1.74E+00 and 1.42E+00, respectively for ERPG-1, indicating that only mild, transient irritant
effects would be expected.

Under both nominal and bounding conditions, the probability of a seismic event is 1.00E-04.

E.10.3.7 Beyond Design Basis Accident

The beyond design basis accident is a seismic event resulting in the collapse of a SST. In the event of a
0.43 g earthquake, a SST could potentially collapse (LANL 1995). This event is not dependent on the
remediation alternative but has the same annual frequency regardless of the alternative that is chosen.
The length of time unremediated waste would remain in tanks that have not been backfilled would vary
depending on the alternative and would affect the probability of the event. The probability of the event
is the product of the annual frequency of the earthquake and the number of years the waste remains
untreated in the unstabilized tanks.

At smaller annual frequencies, larger earthquakes could occur resulting in greater destruction and
larger numbers of LCF to the onsite and offsite populations. In addition to population exposures from
the collapsed SSTs, the impact to other Hanford Site facilities and operations would potentially add to
the chemical and radiological risk. This would be a severe earthquake that would cause catastrophic
structural damage in the Tri-Cities and the Hanford Site with expected extensive loss of life. There
would be injuries and fatalities resulting from collapsed buildings and homes, fires, and traffic
accidents. However, this section evaluates the radiological and chemical impacts resulting from the
collapse of one SST.

E.10.3.7.1 Source-Term Development
It was conservatively assumed that the radiological and chemical contaminants in the headspace are
available for release. The collapse of a portion of the dome and overburden compresses the vapor in
the headspace as it descends, enhancing the vapor release rate by a sudden pressure difference.
Assuming for each tank a respirable concentration of contaminants in the headspace of 100 mg/m’, a
liquid SpG of 1.5, and a headspace volume of 1,000 m? (Shire et al. 1995 and Jacobs 1996), the
potential source-term contribution from the headspace release was calculated as follows:

(100 mg/m®) - (1 g/1,000 mg) - (1 L/1,000 g) - (1,000 m®) - (1/1.5) = 6.67E-02 L (1.8E-02 gal).
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It was conservatively assumed that the liquids had been pumped from the tanks so that the tanks
contained only solids and the MAR was 2,500 L (660 gal) for each tank. It was postulated that the fall
of the dome and overburden generated an air movement sufficient to suspend a fraction the MAR.
Assuming the respirable release fraction to be 2.0E-03 (Shire et al. 1995 and Jacobs 1996), the
potential source-term contribution was calculated as follows:

(2,500 L) - (2.0E-03) = 5.0 L (1.3 gal).

It was postulated that prevailing winds resuspend a respirable fraction of the MAR (2,500 L [660 gal]).
A respirable release fraction of 4.0E-05/hr for 24 hours was assumed. The potential source-term
contribution from resuspension was calculated as follows:

(2,500 L) - (4.0E-05/hr) - (24 hr) = 2.4 L (0.6 gal).

The combined source-term for the acute release is calculated as follows:
(6.67E-02L) + (5.0L) + 24L)=74L (2.0 gal).

E.10.3.7.2 Probability of a B i Desien Basis Earthqual
This earthquake has a calculated annual exceedance frequency of approximately 1.40E-04 (WHC

1996b). The probability for this scenario based on 25 years of operation was therefore estimated to be
3.5E-03.

E.10.3.7.3 iological uenc ign Basis Earth
The radiological dose to the receptors from the previous source-term was calculated by the GENII
computer code (Napier et al. 1988) using the methodology previously discussed in Section E.1.1.6.

The results are presented in Table E.10.3.13.

Table E.10.3.13 Dose Consequence from Seismic Event

Receptor Dose CEDE (person-rem)
Nominal Scenario Bounding Scenario
MEI worker 1.21E+02 8.04E+03
Workers (10)" 1.21E+03 8.04E+04
MEI noninvolved worker 2.90E+01 1.93E+03
Noninvolved worker (1,835)" 4.07E+02 2.71E+04
MEI general public 7.03E-02 4.68E+00
General public (114,734)" 6.14E+01 4.09E+03

Notes:

! Number of people in exposed population.
CEDE = Committed effective dose equivalent
MEI = Maximally-exposed individual
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E.10.3.7.4 Radiological Cancer Risk from a Beyond Design Basis Earthquake
The LCFs and LCF point estimate risk are presented in Table E.10.3.14.

In the bounding scenario, all 10 workers would potentially receive a fatal dose and assumably die
directly after the exposure. There would also be 10 LCFs attributed to the exposure to the noninvolved
workers and two LCFs to the general public if the accident occurred. The nominal scenario
calculations show there would be no LCFs.

Table E.10.3.14 Latent Cancer Fatality Risk from Seismic Event

Receptor Dose person-rem | LCF/rem LCF' Probability | LCF Risk point-estimate

Nominal Scenario

MEI worker 1.21E+02 8.00E-04 9.68E-02 3.50E-03 3.39E-04
Workers (10) 1.21E+03 8.00E-04 | 9.68E-01 3.50E-03 3.39E-03
MEI noninvolved worker 2.90E+01 8.00E-04 | 2.32E-02 3.50E-03 8.12E-05
Noninvolved workers 4.07E+02 4.00E-04 | 1.63E-01 3.50E-03 5.70E-04
(1,835)? ,

MEI general public 7.03E-02 5.00E-04 | 3.52E-05 3.50E-03 1.23E-07
General public (114,734) 2 | 6.14E+01 5.00E-04 | 3.07E-02 3.50E-03 1.07E-04

Bounding Scenario

MEI worker 8.04E+03 lethal 1.00E+00 | 3.50E-03 3.50E-03
Workers (10) 8.04E+04 lethal 1.00E+01 | 3.50E-03 | 3.50E-02
MEI noninvolved worker 1.93E+03 lethal 1.00E+00 | 3.50E-03 3.50E-03
Noninvolved workers 2.71E+04 4.00E-04 | 1.08E+01 | 3.50E-03 3.79E-02
(1,835)?

MEI general public 4.68E+00 S.00E-04 | 2.34E-03 3.50E-03 8.19E-06
General public (114,734)* | 4.09E+03 5.00E-04 | 2.05SE+00 | 3.50E-03 7.16E-03
Notes:

" Total number of fatal cancers if the accident occurs.
¥ Number of people in exposed population.

CEDE = Committed effective dose equivalent

LCF = Latent cancer fatality

MEI = Maximally-exposed individual

E.103.7.5 Chemical C : B i Desien Basis Earthqual
Potential acute hazards associated with a beyond design basis earthquake are identical to those
summarized in Tables E.2.2.16 (toxic chemicals, nominal conditions), E.2.2.17 (toxic chemicals,
bounding conditions), E.2.2.18 (corrosive/irritant chemicals, nominal conditions) and E.2.2.18
(corrosive/irritant chemicals, bounding conditions) for the No Action alternative.
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Under bounding conditions, chemical impacts were not evaluated for the MEI worker because all
workers would receive a lethal radiation dose, as described previously.

Toxic Impact from Chemical Exposure

Under nominal conditions, the cumulative acute hazard ratio for the MEI worker was 2.64E+00 for
ERPG-1, indicating that only mild transient effects would be expected. For the MEI noninvolved
worker, the cumulative acute health hazard was 2.59E+00 for ERPG-3, indicating the potential for
irreversible health effects that could be life threatening. This acute hazard ratio was primarily
attributable to TOC (approximately 84 percent of the total hazard ratio). The TOC is assumed to be
equivalent in toxicity to tributylphosphate, which is the most acutely toxic constituent of the organic
analytes identified. Tributylphosphate was used as a surrogate because an inventory of the various
chemicals that make up the TOC class is not available. The cumulative acute hazard ratio for the
nearest noninvolved worker population (consisting of 335 workers located 290 m [950 ft] away) was
less than 1.0 for all ERPGs, suggesting that no acute health effects would be expected.

Under bounding conditions (Table E.2.2.17), the cumulative hazard ratios for the MEI and nearest
noninvolved worker (335 workers located 290 m away) were 2.15E+03 and 7.80 for ERPG-3,
respectively. These ratios were primarily attributable to:

. Uranium (approximately 47 percent of the total hazard ratio);
. Oxalate (approximately 24 percent of the total hazard ratio); and
. Mercury (approximately 13 percent of the total hazard ratio).

This exceedance of the ERPG-3 criterion for the nearest noninvolved worker population would not be
expected to result in irreversible health effects or place these workers in a life-threatening situation for
the following reasons.

. ERPG-3 is defined as a concentration in which a receptor can be exposed for 1 hour
without irreversible health effects. Because the Hanford Site has an in-place
emergency response plan designed to evacuate workers within 1 hour of an accident,
workers would be expected to evacuate their location and move to an area where
potential exposures would be well below ERPG-3. Therefore, this worker population
would not be exposed to airborne concentrations that would be either life threatening or
result in irreversible health effects.

. The estimated air concentrations of chemicals as a result of this accident were based on
very conservative meteorology, which results in movement of a plume directly toward
the worker population at a relatively slow rate with minimal wind dispersion. If less
conservative meteorological parameters were used, wind dispersion would cause the
estimated air concentrations of chemicals to be substantially less, and the ERPG-3
criterion would not be exceeded.

. Only the bounding toxic chemical evaluation exceeded ERPG-3, while the nominal
evaluation was well below 1.00E+00 for ERPG-3, suggesting that the noninvolved
worker population would not receive an exposure that would result in any permanent
health effects.
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The cumulative acute hazard ratio for the next nearest noninvolved worker population, composed of
1,500 people and located 1,780 m (5,840 ft) away, was 2.15E+00 for ERPG-2, indicating that
reversible acute health effects would be expected. The cumulative acute hazard ratio for the MEI
general public was 1.76E+00 for ERPG-2, indicating that reversible acute health effects would be
expected.

Corrosive/Irritant Impact from Chemical Exposure

Under nominal conditions (Table E.2.2.18), the cumulative acute hazard ratios for the MEI worker,
MEI noninvolved worker and nearest noninvolved worker (335 workers at 290 m [950 ft]) were
2.47E+01, 5.10E+02 and 1.85E+00, respectively, for ERPG-3, indicating the potential for
irreversible health effects that could be life threatening. These ratios were almost entirely attributable
to sodium, which was assumed to be equivalent to sodium hydroxide in corrosive/irritant effects.

As discussed previously, this exceedance of the ERPG-3 criterion would not be expected to result in
irreversible or life threatening health effects. ' ‘

For the next nearest noninvolved worker population (1,500 workers at 1,780 m [5,840 ft]), the
cumulative acute hazard ratio was 1.20E+00 for ERPG-1, indicating that only mild irreversible irritant
effects would be anticipated. For the MEI general public, the cumulative acute hazard ratio was less
than 1.0 for all ERPGs and no acute health effects would be expected.

Under bounding conditions, the cumulative acute hazard ratios for the MEI noninvolved worker, and
nearest noninvolved worker (335 workers at 290 m [950 ft]) were 7.31E+02 and 2.65E+00,
respectively, for ERPG-3, indicating the potential for irreversible health effects that could be life
threatening. These acute hazard ratios were primarily attributable to:

. Sodium (approximately 83 percent of the total hazard ratio); and

. Calcium (approximately 10 percent of the total hazard ratio).

As discussed previously, this exceedance of the ERPG-3 criterion would not be expected to result in
irreversible or life threatening health effects.

For the next nearest noninvolved worker and MEI general public, the cumulative acute hazard ratios
were 1.74E+00 and 1.42E+00, respectively for ERPG-1, indicating that only mild, transient irritant
effects would be expected.

Under both nominal and bounding conditions, the probability of a seismic event is 3.50E-03.

E.10.3.8 Occupation Injuries, Illnesses, and Fatalities from Operations
The number of operation personnel to support the Ex Situ/In Situ Combination 2 alternative was
estimated at an average of 3.58E+04 person-years (Jacobs 1996).
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The total recordable injuries and illnesses, lost workday cases, and fatalities were calculated as follows:

Total Recordable Cases = (3.58E+04 person-years) - (2.2E+00 incidences/100 person-years) =
7.87E+02

Lost Workday Cases = (3.58E+04 person-years) - (1.1E+00 incidences/100 person-years) =
3.93E+02 '

Fatalities = (3.58E+04 person-years) - (3.20E-03 fatalities/100 person-years) = 1.14E+00

E.10.4 POST-REMEDIATION ACCIDENT

E.10.4.1 Deflagration in Storage Tank

The tanks that have had 99 percent of their waste removed and filled with gravel do not pose a credible
risk. However, the tanks that have been saltwell pumped and filled with gravel may. After the tanks
have been filled with gravel, the dome sealed off, and the Hanford Barrier placed over the tank farms,
it was postulated that hydrogen builds up in the tank, reaches the LFL, and ignites. The probable
sequence of events is that the tank would breach and possibly the asphalt layer in the Hanford Barrier
would crack allowing an increased movement of the residual tank waste into the groundwater. An
explosion that could breach the dome, displace 2 m (7 ft) of overburden, and displace an additional 5 m
(15 ft) of the Hanford Barrier, is considered to be incredible.

For this event to occur, the following conditions must exist:

. Flammable gases must be generated from the waste;

. The concentration of the flammable gas must exceed the lower flammability limit;

. There must be an ignition source; and

. The deflagration would have to generate enough energy to breach the tank and crack

the asphalt liner.

Generation of Flammable Gas
All 177 waste tanks produce flammable gases at the molecular level such as hydrogen, ammonia, and
methane due to radiolysis, organic degradation, and corrosion.

Gas Concentration

Gases generated from the residual tank waste would diffuse and accumulate in the voids within the
gravel and the tank headspace created by the waste settling under the pressure of the fill. If the
hydrogen is not allowed to escape from the tank through leaks or cracks in the tank, the hydrogen
concentration will continue to increase as long as the potential for radiolysis, organic degradation, or
corrosion exists.

It has been shown in tank waste that hydrogen generation rates may drop by approximately one-half
every 15 years. Therefore, the gas concentration potential could be reduced by allowing the tanks to
vent for 100 years (during institutional controls) through vent pipes passing up through the Hanford
Barrier. The vents could then be sealed off. Allowing the tanks to vent for 100 years would reduce
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the probability of hydrogen reaching the LFL in the tank. Hydrogen gas concentration could be
retarded by placing catalytic recombiners in the tank that would recombine hydrogen and oxygen.

Ignition of Gas

If the gas concentrations in the tank manage to exceed the LFL, the ignition sources are limited.
Possible ignition sources would include a lightning strike, an earthquake, or heat produced by reactions
taking place in the materials remaining in the tank. If the gas was ignited, the propagation of the burn
through the gravel is dependent upon the size of the voids in the gravel matrix. Flames will not
propagate in a porous material if the pore size is less than a critical value.

Consequences

The probable sequence of events is that the tank would breach and possibly the asphalt layer in the
Hanford Barrier would crack allowing an increased movement of the residual tank waste into the
groundwater.

E.10.4.2 Seismic Induced Rupture of Stabilized Tanks

As discussed in Section E.4.4.2, displacement on a fault that would increase exposure to the waste after
remediation is considered to be incredible. The tanks would most likely crack, allowing increased
infiltration to the groundwater.

E.10.5 SUMMARY OF ACCIDENTS

The potential consequences from nonradiological and nonchemical accidents that include occupational
and transportation impacts are summarized in Table E.10.5.1. The LCFs associated with
representative accidents for each component of the alternative are summarized in Table E.10.5.2 along
with the probability of the accident. The chemical hazards associated with representative accidents for
each component of the alternative are summarized in Table E.10.5.3. The chemical hazard is
expressed as an exceedance of the ERPG threshold values.

E.11.0 PHASED IMPLEMENTATION ALTERNATIVE

The Phased Implementation alternative includes remediating the tank waste in a two-phase process.
The first phase would be a commercial demonstration of the separations and immobilization processes
for selected tank waste. The second step would involve scaling-up the demonstration processes to treat
the remaining tank waste and construction of larger treatment facilities. The phased implementation
approach could be applied to any of the tank waste alternatives involving ex situ waste treatment;
however, for the purposes of analysis the Ex Situ Intermediate Separations alternative, with some
additional separations, was selected as the representative alternative. The Phased Implementation
alternative is presented in two parts, Phase 1 first, then Phase 2.

E.11.1 PHASE 1

Phase 1 would consist of one LAW treatment facility and one LAW and HLW facility using
vitrification to produce a stabilized waste form to specification. This alternative would involve
constructing and operating vitrification and support facilities, and transfer lines from the tank farms and
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T Plant to the vitrification facilities. This alternative would also involve vehicle traffic of the personnel

required to support the alternative. This section analyzes the construction, operation, and

transportation risks associated with this alternative.

Table E.10.5.1 Summary of Potential Nonradiological/Nonchemical Accident Consequences

Total Recordable Cases Lost Workday Cases Fatalities
Occupational Transportation Occupational Occupational Transportation
Construc- |Opera-tionj Truck/ | Commuter |Construction| Operation |Construction| Operation| Truck/ |Commuter
tion Rail Rail
1.7E+03 [7.9E+02 |[5.3E4+00 |I.0E+03 H.4E+02 3.9E+02 |5.8E-01 1.1IE+00 [2.7E-01 {1.3E+0l
Table E.10.5.2 Summary of Potential Radiological Accident Consequences
Component Hazard Probability Latent Cancer Fatalities
Worker Noninvolved Worker General Public
MEI Population MEI Population MEI Population
Continued spray leak 1.8E-01 4,7E-02 |4.7E-01 7.7E-03 ]|2.9E-01 4.2E-05 |8.9E-02
Operation '
1.0E+00 [1.0E+01 1.0E+00 {6.6E+00 9.6E-04 [2.0E+00
Continued tank 1.8E-01 3.1E-02 |3.1E-01 3.8E-03 |5.3E-02 1.1E-05 |1.0E-02
Operation 2 |deflagration
1.0E+00 [1.0E+01 1.0E+00 |9.9E+00 2.1E-03 {1.9E+00
Retrieval loss of 2.2E-04 3.9E-02 ]3.9E-01 1.3E-04 [5.5E-03 6.9E-07 |1.0E-03
filtration
1.0E+00 |1.0E+01 1.7E-02 [3.7E-01 4,6E-05 {6.9E-02
Pretreatment |line break 1.6E-02 7.4E-04 |7.4E-03 1.1E-05 |4.1E-04 6.0E-08 |1.3E-04
2.8E-03 |2.8E-02 42E-05 |1.6E-03 2.3E-07 |4.8E-04
Treatment breached 1.0E+00 1.8E-11 1.8E-10 2.7E-13 1.0E-11 5.0E-16 1.1E-12
(vitrification) |canister :
1.1E-08 |1.1E-07 1.6E-10 |6.1E-09 3.0E-13 |6.7E-10
Treatment dome 1.0E-04 9.8E-02 |9.8E-01 2.3E-02 |1.6E-0l 3.6E-05 |[3.1E-02
(fill and cap) |collapse
1.0E+00 |1.0E+01 1.0E+00 }1.1E+01 2.4E-03 [2.1E+00
BDBA Earthquake |3.5E-03 9.7E-02 [9.7E-01 2.3E-02 |1.6E-01 3.5E-05 |3.1E-02
1.0E+00 |1.0E+01 1.0E+00 |1.1E+01 2.4E-03 |2.1E+00
Notes:
!"Tank waste transfer operations.
2 Unstabilized waste storage tanks.
BDBA = Beyond design basis accident
MEI = Maximally-exposed individual
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Table E.10.5.3 Chemical Exposures Resulting from Potential Operations and Transportation Accidents

Component Hazard Receptor Chemical Exposure
Acute Hazard | Acute Hazard | Acute Hazard
(ERPG-1) (ERPG-2) (ERPG-3)
nominal nominal nominal
bounding bounding bounding
Continued Mispositioned Worker population 1.3E+02., 6.8E+00., 2.7E+00,
Operations - jumper resulting
waste transfer in spray release. LD LD LD
Probability of .
accident is MEI noninvolved 3.0E+00., <1.0 <1.0
1 8E'01 worker
: 1.0E+01,, 5.4E+00,,, <1.0
4.4E+00,
MEI general public <1.0 <1.0 <1.0
<1.0 <1.0 <1.0
Continued Hydrogen Waorker population 8.2E+00,,, 1.6E+00;,, 3.8E+00,
Operations - deflagration in 1.9E+02, 9.6E+00.,
waste tank storage tank.
storage Probability of LD LD LD
accident is ]
1.8E-01 MEI noninvolved 1.7TE+02;,, 3.2E+01,, 9.4E+00;,,
worker 3.8E+03, 2.0E+02, 7.9E+01,
1.2E+04,,, 2.3E+03;,, 4.5E+02;,,
9.3E+03, 4.8E+02, 1.9E+02,
Noninvolved worker 1.4E+01, <1.0 <1.0
population at 290 m
(950 ft) 4 5E+01,, 8.4E+00,, 1.7E+0q,,
3.4E+01, 1.7E+00,
Noninvolved worker <1.0 <1.0 <1.0
population at 1,780 m
(5,840 f1) <1.0 <1.0 <1.0
MEI general public <1.0 <1.0 <1.0
<10 <1.0 <1.0
Retrieval Loss of Worker population 4.0E+01., 2.1E+00, <1.0
ventilation due
to HEPA filter LD LD LD
blow out. .
Probablll(y of MEI noninvolved 1'8E+00Tox 44E+01CI| 1’7E+01CII
accident is worker 8.3E+02,
2.2E-04 2.9E+03y,, LSE+03,, | 7.3E+0l,,
1.2E+03, 6.2E+01, 2.5E+01,
Noninvolved worker 3.0E+00¢, <1.0 <1.0
population at 290 m
(950 ft) 1.0E+01,, 5.4E+00,,, <1.0
4.4E+00.,
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Table E.10.5.3 Chemical Exposures Resulting from Potential Operations and Transportation Accidents (cont'd)

Component Hazard Receptor Chemical Exposure
Acute Hazard | Acute Hazard | Acute Hazard
(ERPG-1) (ERPG-2) (ERPG-3)
nominal nominal nominal
bounding bounding bounding
Noninvolved worker <1.0 <1.0 <l1.0
population at 1,780 m
(5,840 ft) <1.0 <1.0 <1.0
MEI general public | <1.0 <1.0 <1.0
<1.0 <1.0 <1.0
Pretreatment Line break in Worker population <1.0 <1.0 <1.0
ventilated vault.
Probability of <1.0 <1.0 <1.0
accident is .
1.6E-02 MEI noninvolved <1.0 <1.0 <1.0
worker
<1.0 <1.0 <1.0
MEI general public <1.0 <1.0 <1.0
<1.0 <1.0 <1.0
Treatment - Ex Canister of Worker population <1.0 <1.0 <1.0
situ vitrification vitrified HLW
'u]advenam]y <l1.0 <1.0 <1.0
dropped. .
Probability of MEI noninvolved <1.0 <1.0 <1.0
; ; worker
}‘°§§i’}§.§s <1.0 <1.0 <1.0
MEI general public <1.0 <1.0 <1.0
<1.0 <1.0 <1.0
Treatment - fill Flammable gas Worker population 2.6E+00.,, 6.2E+01., 2.5E+01,
and cap deflagration 1.2E+03;,
results in tank
dome collapse. LD LD LD
Probability of '
e aoriaer | MEI noninvolved 5.5E+0ly, 1.4E+0ly,, | 2.6E+00,
1.0E-04 worker 2.5E+04., 1.3E+403,, 5.1E+02.,
8.5E+04,,, 4 4E+04,,, 2.2E+03.,
3.6E+04., 1.8E+03,, 7.3E+02,
Noninvolved worker 9.0E+0l1., 4.7E+00¢, 1.9E+00,
population at 290 m
(950 ft) 3.1E+02,, 1.6E+02;,, 7.8E+00,,
1.3E+02., 6.7E+00c, 2.7E+00.,
Noninvolved worker 1.2E+00, <1.0 <1.0
population at 1,780 m
(5,840 ft) 4.1E+00;,, 2.2E+005,, <1.0
1.7E+00.,
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Table E.10.5.3 Chemical Exposures Resulting from Potential Operations and Transportation Accidents (cont'd)

Component Hazard Receptor Chemical Exposure
Acute Hazard | Acute Hazard | Acute Hazard
(ERPG-1) (ERPG-2) (ERPG-3)
nominal nominal nominal
bounding bounding bounding
MEI general public <1.0 <10 <1.0
3.4E+00., 1.8E+00y,, <1.0
1.4E+00.,
Beyond Design Seismic event Worker population 2.6E+00y, 6.2E+01, 2.5E+01¢,
Basis Accident resulting in 1.2E+03,

dome collapse of
a storage tank. LD LD LD

Probability of

accident is MEI noninvolved 5.5E+01,, 1.4E+01;,, 2.6E+00;,,
3.5E-03 worker 2.5E+04c, 1.3E+03, 5.1E+02¢,
8.5E+04,,, 4.4E+04,, 2.2E+03,
3.6E+04_, 1.8E+03,, 7.3E+02¢,
Noninvolved worker 9.0E+01, 4.TE+00¢, 1.9E+00,,
population at 290 m
(950 ft) 3. 1E+02;, 1.6E+02;,, 7.8E+00y,
1.3E+02¢, 6.7E+00c, 2.7E+00¢,
Noninvolved worker 1.2E+00, <1.0 <1.0
population at 1,780 m
(5,840 fi) 4. 1E+00q,, 2.2E+00,, <10
1.7E+00,, :
METI general public <1.0 <1.0 <10
3.4E+00;,, 1.8E+004,, <1.0
1.4E+00.,

Notes:

C/1 = Corrosive/irritant effects

Tox = Toxic effects

LD = Lethal dose of radiation
MEI = Maximally-exposed individual

E.11.1.1 Construction Accidents
The potential exists for accidents resulting from construction activities. The construction activities are

outlined in Appendix B of the EIS. It should be noted there are no radiological or chemical
consequences associated with construction accidents. Occupational injuries, illnesses, and fatalities

resulting from potential construction accidents are calculated as follows.

The number of construction personnel was estimated at an average 1.07E+04 person-years

(Jacobs 1996). The number of total recordable injuries and illnesses, lost workday cases, and fatalities

during construction were calculated using the incidence rates from Table E.1.2.1 as follows:
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Total Recordable Cases = (1.07E+04 person-years) - (9.75E+00 incidences/100 person-years) =
1.04E+03

Lost Workday Cases = (1.07E+04 person-years) - (2.45E+00 incidences/100 person-years) =
2.62E+02

Fatalities = (1.07E+04 person-years) - (3.2E-03 fatalities/100 person-years) = 3.42E-01

E.11.1.2 Transportation Accidents
Transportation activities associated with this alternative are:

. Transporting construction material to the Hanford Site;

. Transporting earthen material from onsite borrow sites;

. Transporting process material from offsite to the vitrification facilities;

. Transporting vitrified and unvitrified LAW and HLW to the Canister Storage Building
(CSB);

. Transporting contaminated waste from decommissioned facilities to low-level waste

' burial ground;

. Transporting noncontaminated waste from decommissioned facilities to regulated
landfill; and

. Employees commuting to work each day.

'E.11.1.2.1 Radiological Cancer Risk from Transportation

Canisters of Cs and technetium would be transported to the CSB by truck. The radiological cancer risk
from this activity was compared to a similar activity in Section E.14.2.1. Section E.14.2.1 evaluated
the radiological cancer risk from transporting Cs and Sr capsules from WESF to an onsite vitrification
facility. The radiological cancer risk from transporting 1.93E+03 of Cs and Sr capsules to the
vitrification facility was analyzed (Green 1995) and summarized in Section E.14.2.1 of this appendix.
The estimated number of LCFs in an integrated population, resulting from an accident, was 1.2E-05.
Approximately half as many Cs and technetium canisters would be transported to the CSB in the

Phase 1, therefore 1.2E-05 LCFs would be reduced by a factor of two resulting in approximately
6.0E-06 LCFs for the Phased Implementation alternative.

E.11.1.2.2 Chemical Exposure from Transportation Accidents

The chemical exposure from transportation accidents would be bound by the analysis preformed in
Section 6.2.2. The chemical exposure and frequency of the integrated accident was reproduced in
Table E.11.1.1. The comparison of exposure concentration from postulated chemical released to
exposure limits was reproduced in Table E.11.1.2.

For the MEI general public the ratio of exposure to ERPG-3 values for corrosive/irritant chemicals was
1.24E+01, which exceed the acceptable criterion of 1.0 and is indicative of potential lethal effects.
This acute hazard index is primarily attributable to anhydrous ammonia (over 99.9 percent of the total
hazard).
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Table E.11.1.1 Chemical Releases from Postulated Accidents for Phase 1

Chemical Concentration Frequency
Nitric Acid | 0.28 mg/m’ 5.0E-08/yr
Sodium Hydroxide 4.9 mg/m’ 2.0E-07/yr
Anhydrous Ammonia 8,770 mg/m’ 2.0E-07/yr
Dicyclopentadiene | 1.02 mg/m* 1.0E-8/yr

Table E.11.1.2 Comparison of Chemical Concentrations to Corrosive/Irritant Concentration Limits for Phase 1

Analyte Exposure ERPG-1 ERPG-2 ERPG-3
(Threshold values are presented in mg/m®) (mg/m®) (mg/m®) (mg/m*) (mg/m®)
Anhydrous Ammonia ' Threshold Value 1.77E+01 1.42E+02 7.10E+02
Ratio of Exposure to ERPG
MEI General Public 8.77E+03 4.95E+02 6.18E+01. 1.24E+01
Dicyclopentadiene ? Threshold Value 2.20E+01 1.10E+02 1.10E+04
Ratio of Exposure to ERPG
MEI General Public 1.02E+00 4.64E-02 9.27E-03 9.27E-05
Nitric Acid * Threshold Value 5.20E+00 6.55E+01 | 1.31E+02
Ratio of Exposure ERPG
MEI General Public 2.80E-01 5.38E-02 4.27E-03 2.14E-03
Sodium Hydroxide * Threshold Value 2.00E+00 4.00E+01 1.00E+Q2
Ratio of Exposure to ERPG
MEI General Public 4.90E+00 2.45E+00 1.23E-01 4.90E-02

Notes:

! ATHA ERPGs were used for anhydrous ammonia.

? The OSHA permissible exposure limit-time weighted average (PEL-TWA) concentration for dicyclopentadiene (27
mg/m®) was similar to the PEL-TWA for 1,3-butadiene (22 mg/m®). Therefore, the ERPGs for 1,3-butadiene were
conservatively used as surrogate values.

3 ATHA ERPGs were used for nitric acid.

* ATHA ERPGs were used for sodium hydroxide.

ERPG = Emergency response planning guideline values.

ERPG-1 = These are maximum airborne concentrations below which it is believed that nearly all individuals could be
exposed for up to 1 hour without experiencing other than mild transient adverse effects or perceiving a clearly defined
objectionable odor.

ERPG-2 = These are the maximum airborne concentrations below which it is believed that nearly all individuals could be
exposed for up to 1 hour without experiencing or developing irreversible or other serious health effects or symptoms that
could impair their abilities to take protective action.

ERPG-3 = These are the maximum airborne concentrations below which it is believed that nearly all individuals could be
exposed for up to 1 hour without experiencing or developing life-threatening health effects.

MEI = Maximally-exposed individual
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E.11.1.2.3 Qccupational Injuries and Fatalities

Truck and Rail Transportation

Injuries and fatalities resulting from direct impact of transportation accidents are analyzed in this
subsection. Rail and truck transportation activities to transport materials and supplies to the Site for

this alternative were estimated (WHC 1995j) and are summarized in Table E.11.1.3. |

The number of injuries and fatalities were calculated by multiplying the total distance traveled in each

zone shown in Table E.11.1.4 by the appropriate unit risk factors shown in Table E.1.3.1. The |
distance traveled in the population zones were calculated using the methodology previously discussed in
Section E.1.3. The expected injuries and fatalities resulting from transportation accidents associated

with Phase 1 are summarized in Table E.11.1.5. |

Employee Traffic

In addition to transporting materials and supplies to and from the Hanford Site by truck and rail, Site
workers and other personnel required to perform the various activities would be driving to the site in
their vehicles. The total person-years to perform the activities was estimated at 1.76E+04.

Each person was assumed to work 260 days of the year. The round-trip distance traveled to work from
the Tri-Cities area was estimated at 140 km (87 mi) with an estimated 1.35 passengers per vehicle
(DOE 1994a). The total employee vehicle distance was therefore calculated as follows:
(1.76E +04 person-years) - (260 days/year) - (140 km/day) - (1/1.35 passengers per vehicle) =
4.76E+08 km (2.96E +08 mi)

To calculate the expected number of injuries and fatalities resulting from vehicle accidents, the
injury/fatality rates discussed in Section E.1.3 were used. The expected number of injuries and
fatalities resulting from employee vehicle accidents were calculated as follows:

Injuries = (4.76E+08 km) - (7.1E-07 injuries/km) = 3.40E+02
Fatalities = (4.76E+08 km) - (8.98E-09 fatalities/km) = 4.27E+00

Cumulative Transportation Injuries and Fatalities

The cumulative nonradiological and nontoxicological injuries and fatalities incurred as a direct result of
traffic accident impacts are the sum of the truck and rail transport and employee vehicle accidents.

The results are summarized in Table E.11.1.6. |

E.11.1.3 Operation Accidents [

Operations are discussed in Appendix B. The radiological and chemical operation accidents,
consequences, and risk for Phase 1 are summarized in the following text.
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Table E.11.1.3 Summary of Transportation Activities for the Phase 1 Alternative
Activity Cargo Trips Distance Total dist‘ance (km)
(km)
(round-trip) Onsite Offsite
Truck Rail Truck Rail
Retrieval

Construction Sand/gravel 3.25E+02 1.00E+01'! 3.25E+403 | NVYA N/A N/A

(w319 Excavation 2.29E+03 4.00E+00 9.17E+03 | N/A N/A N/A
Backfill 2.75E+03 4.00E+00 1.10E+04 | N/A N/A N/A
Site preparation 3.43E+02 1.60E+01 5.49E+03 | N/A N/A N/A
Concrete 6.42E+02 6.00E+00 3.85E+03 | N/A N/A N/A
Burial 1.30E+01 1.60E+01 2.08E+02 | N/A N/A N/A
Consumables 3.00E+00 1.40E+02% | N/A N/A 4.20E4+02 | N/A
Cement 1.10E+01 8.00E+02°% | N/A N/A N/A 8.80E+03
Steel 2.40E+01 8.00E+02* | N/A N/A N/A 1.92E+04

Remediation - Vitrification Plant

Construction Site preparation 8.00E+02 1.60E+01 1.28E+04 | N/A N/A N/A
Excavation 4.50E+04 4.00E+00 1.80E+05 | N/A N/A N/A
Backfill 5.51E+03 4.00E+00 2.21E+04 | N/A N/A N/A
Sand/gravel 2.09E+03 1.00E+01"' 2.09E+04 | N/A N/A N/A
Concrete 3.93E+03 6.00E+00 2.36E+04 | N/A N/A N/A
Burial 3.60E+03 1.60E+01 5.76E+04 | N/A N/A N/A
Diesel 1.30E+03 1.40E+02% | N/A N/A 1.81E+05 | N/A
Consumables 1.60E+03 1.40E+022 | N/A N/A 2.2dE+05 | N/A
Cement and steel | 8.90E+01 8.00E+02°* | N/A N/A N/A 7.12E+04

Operation Burial 6.65E+02 1.60E+01 1.06E+04 | N/A N/A N/A
Sand/gravel 5.32E+02 1.00E+01 5.32E+03 | N/A N/A N/A
Concrete 9.94E+02 6.00E+00 5.96E+03 | N/A N/A N/A
Kerosene 5.20E+01 1.40E+022 | N/A N/A 7.28E4+03 | N/A
Glass form 4.11E+03 1.40E+022 | N/A N/A 5.75E+05 | N/A
IX resins 1.00E+00 1.40E+022 | N/A N/A 1.40E+02 | N/A
NH, 7.90E+01 8.00E+02* | N/A N/A 6.32E+04 | N/A
HNO, 3.80E+01 8.00E+02' | N/A N/A 3.04E+04 | N/A
NaOH 2.31E+02 8.00E+02% | N/A N/A 1.85E+05 | N/A
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Table E.11.1.3 Summary of Transportation Activities for the Phase 1 Alternative (cont'd)

Activity Cargo Trips Distance Total distance (km)
(km)
{round-trip) Onsite Offsite
Truck Rail Truck Rail
Cement, steel, 4.80E+01 8.00E+02 3 N/A N/A N/A 3.84E+04

and chemicals

Vitrified Wast Transport

Temporary HLW 1.07E+02 1.00E+01 1.07E+03 | N/A N/A N/A
storage :

Storage LAW 6.10E+Q2 2.00E+00 1.22E+03 | N/A N/A N/A

Total km 3.74E+05 | N/A 1.27E+06 | 1.38E+05
Notes:

! Round-trip distance from Pit 30 borrow site.

? Round-trip distance from Tri-Cities area.

* Round-trip distance from Portland/Seattle area.
N/A = Not applicable

Table E.11.1.4 Distance Traveled in Population Zones for Phase 1

Mode Urban! Suburban ? Rural ?
Truck 6.33E+04 4.38E+05 1.14E+06
Rail 6.88E+03 6.88E+03 1.24E+05

Notes:

! Urban represents 5 percent of total offsite distance from Table E.11.1.3.

? Suburban represents 5 percent of total offsite distance and 100 percent total onsite distance from Table E.11.1.3.
? Rural represents 90 percent of total offsite distance from Table E.11.1.3.

Table E.11.1.5 Injuries and Fatalities Resulting from Truck and Rail Transportation Accidents for Phase 1

Mode Impact Urban Suburban Rural Total Total Injuries
Fatalities

Truck Fatality 4.75E-04 5.69E-03 6.04E-02 6.66E-02 N/A

Injury 2.34E-02 1.66E-01 9.12E-01 N/A 1.10E+00
Rail Fatality 1.17E-04 1.17E-04 2.11E-03 2.34E-03 N/A

Injury 2.27E-04 2.27E-04 4.09E-03 N/A 4.54E-03

Total 6.89E-02 1.11E+00

Notes:. |

N/A = Not applicable
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Table E.11.1.6 Cumulative Injuries and Fatalities from Traffic Impacts for Phase 1

Mode Fatalities Injuries
Truck and rail transport 6.89E-02 1.11E+00
Employee vehicle 4.27E+00 3.40E+02
Total 4.34E+00 341E+02

E.11.1.3.1 Continued Operation Accidents - Mispositioned Jumper Accident - Tank waste Transfer
The dominant continued operations accident during tank waste transfer is the mispositioned jumper
accident previously discussed in the No Action alternative in Section E.2.2.1 and summarized as
follows:

Source-Term - The source-term resulting from a spray release in Section E.2.2.1.1 was calculated to
be 52 L (14 gal).

Probability - The frequency of a mispositioned jumper in Section E.2.2.1.2 was 1.1E-02 per year.
The probability of the No Action alternative was based upon 10 years of waste transfers. Phase 1 is

based on 10 years of operations; therefore, the probability would be the same 1.1E-01.

Radiological Consequences - The radiological consequences presented in Table E.2.2.2 are
reproduced in Table E.11.1.7.

Table E.11.1.7 Dose Consequence from Mispositioned Jumper

Receptor Dose CEDE (person-rem)
Nominal Scenario Bounding Scenario
MEI worker 5.88E+01 1.33E+03
Workers (10)' 5.88E+02 1.33E+04
MEI noninvolved worker 1.92E+01 4.35E+02
Noninvolved worker (1,835)' 7.23E+402 1.64E+04
MEI general public 8.44E-02 1.91E+00
General public (114,734)" 1.77E+02 4.01E+03

Notes:

! Number of people in exposed population.
CEDE = Committed effective dose equivalent
MEI = Maximally-exposed individual

Radiological Cancer Risk - The LCFs calculated in Section E.2.2.1.4 are the same for Phase 1 and
.are reproduced in Table E.11.1.8. The bounding scenario calculations show that all 10 workers would
potentially receive a fatal dose and assumably die directly after the exposure if the accident occurred.
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Table E.11.1.8 Latent Cancer Fatality Risk from Mispositioned Jumper

Receptor Dose CEDE | LCF/rem LCF! Probability LCF Risk
(person-rem) (point estimate)

Nominal Scenario

MEI worker 5.88E+01 | 8.00E04 | 4.70E02 | 1.10E-01 5.17E-03
Workers (10) 2 5.88E+02 | 8.00E04 | 4.70E-01 | 1.10E-01 5.17E-02
MEI noninvolved worker 1.92E+01 4,00E-04 7.68E-03 1.10E-01 8.45E-04
Noninvolved workers (1,835) ? 7.23E+02 | 4.00E04 |2.89E01 | 1.10E01 3.18E-02
MEI general public 8.44E-02 5.00E-04 | 4.22E05 | 1.10E-01 4.64E-06
General public (114,734) 2 1.77E+02 | 5.00E04 | 8.85E02 | 1.10E-01 9.74E-03

Bounding Scenario

MEI worker 1.33E+03 lethal 1.00E+00 1.10E-01 1.10E-01
Workers (10) * 1.33E+04 lethal 1.00E+01 1.10E-01 1.10E+00
MEI noninvolved worker 4.35E+02 lethal 1.00E+00 1.10E-01 1.10E-01
Noninvolved workers (1,835) ? 1.64E+04 4.00E-04 6.56E+00 1.10E-01 7.22E-01
MEI general public 1.91E+00 5.00E-04 9.55E-04 1.10E-01 1.05E-04
General public (114,734) ? 4.01E+03 5.00E-04 2.01E+00 1.10E-01 2.21E-01
Notes:

! Total number of fatal cancers if the accident occurs.
2 Number of people in exposed population.

CEDE = Committed effective dose equivalent

LCF = Latent cancer fatality

MEI = Maximally-exposed individual

There would be approximately seven LCFs from the noninvolved worker population and two from the
general public. The nominal scenario calculations show there would be no LCFs.

Chemical Consequences

Potential acute hazards associated with a mispositioned jumper are identical to those summarized in
Tables E.2.2.4 (toxic chemicals, nominal conditions), E.2.2.5 (toxic chemicals, bounding conditions),
E.2.2.6 (corrosive/irritant chemicals, nominal conditions) and E.2.2.7 (corrosive/irritant chemicals,
bounding conditions) for the No Action alternative.

Toxic Impact from Chemical Exposure

Under nominal conditions (Table E.2.2.4), the cumulative acute hazard ratios for the MEI worker,
MEI noninvolved worker and MEI general public were less than 1.0, indicating that no adverse acute
health effects would be expected for these three receptors. Under bounding conditions (Table E.2.2.5),
the MEI worker was not evaluated because death would occur from exposure to radionuclides. The
cumulative acute hazard ratio for the MEI noninvolved worker was 5.36E+00 for ERPG-2, indicating
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