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Cost:

Capital Cost:  $0

Present Worth O&M Cost:  $0

Total Present Worth Cost:  $0

4.2.6.2.  Landfill Pit 2—Module B:  Monitoring.

Objectives:

1. Periodically collect and analyze ground and surface water samples and perform water
level measurements.  This module does not include these activities when performed
to support the operation and optimization of remedial actions, e.g., the scope and cost
of sampling extraction wells.

Scope:

1. Sample and analyze ground water and measure water levels at 3 wells.

2. Sample and analyze surface water at one spring.

3. Inspect landfill surface for damage that could compromise the integrity of the landfill,
and if such damage is found, arrange for repair.

Cost:

Capital Cost:  $0

Present Worth O&M Cost:  $515,000

Total Present Worth Cost:  $515,000

4.2.6.3.  Landfill Pit 2—Module C:  Waste characterization with
contingent monitoring, capping, or excavation of Landfill Pit 2.

Objectives:

1. Control contaminant sources.

2. Reduce the mass of contaminants in the subsurface.

3. Prevent potential contamination of ground water.

4. Protect beneficial uses of ground water.

Scope:

Waste Characterization of Landfill Pit 2

1. Using a backhoe, excavate two test pits in Landfill Pit 2.  Each test pit would be
benched (or shored) to achieve a depth of 20 feet.  Each test pit would be 50 feet long.

2. Collect fill/waste samples from 4 vertical profiles, spaced at 10 ft intervals along the
length of each test pit.  Collect and analyze samples at depths of 2, 5, 10, 15, and
20 feet from each of the test pits for the following analytes:

– Tritium
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– STLC metals (including beryllium)

– TTLC metals (including beryllium)

– Uranium and thorium isotopes

3. Additionally, analyze samples from a depth of 10 feet at each test pit for each of the
following analytes:

– HE compounds

– PCBs

4. Backfill the test pits.

5. Auger or use a direct-push rig to drill 8 boreholes within each landfill.

6. Collect samples at depths of 2, 5, 10, 15, and 20 feet for the following analytes:

– Tritium

– STLC metals (including beryllium)

– TTLC metals (including beryllium)

– Uranium and thorium isotopes

7. Additionally, analyze samples from a depth of 10 feet for each of the following
analytes:

– HE compounds

– PCBs

8. Backfill the auger/direct-push holes.

9. Review the analytical data and apply the decision process described in Section
4.1.2.9.1 to determine whether capping or removal is necessary.  If excavation is
required, determine the volume of waste that would need to be excavated.

10. Revise estimates for waste classification and total volumes of waste.

Cost:

Capital Cost:  $252,000

Present Worth O&M Cost:  $0

Total Present Worth Cost:  $252,000

Capping of Landfill Pit 2

1. Design and construct a multi-layer cap and associated surface water drainage.

2. The estimated area of the cap is 90,000 ft2.

3. Perform annual inspections and maintenance of the cap and drainage system.

Cost:

Capital Cost:  $1,026,000
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Present Worth O&M Cost:  $154,000

Total Present Worth Cost:  $1,180,000

Excavation of Landfill Pit 2

1. Excavate contaminated firing table debris from Landfill Pit 2.  This could range from a
small portion to the entire landfill, depending on the quantity of material determined to
cause significant risk (see decision process, Section 4.1.2.9.1).

2. The estimated depth of excavation is approximately 20 feet.

3. The total estimated volume of excavated material is 25,412 yd3.

4. No analytical data are available for contaminants that may be present in Landfill Pit 2,
but tritium, uranium-238, and metals were possibly disposed in the pit.

5. The excavated material is assumed to be low-level radioactive waste, and would be
disposed of a described in Section 4.1.2.1.0.

6. The locations of the components of this remediation module are shown conceptually on
Figures 4-7 and 4-10.

Cost:

Capital Cost:  $21,483,000

Present Worth O&M Cost: $0

Total Present Worth Cost: $21,483,000

Total Module Cost:

$252,000 (waste characterization only)

$1,432,000 (waste characterization plus capping)

$21,735,000 (waste characterization plus excavation with offsite disposal)

4.2.7.  Remediation Modules:  Building 854 OU

4.2.7.1.  Building 854 OU—Module A:  No further action.

Objectives:

1. None.  Included for comparison.

Scope:

1. No further investigation, sampling, or analyses would be performed.

2. The following COCs are identified for consideration in a no further action module:

a) Metals, HMX, and tritium in surface soil have been detected in extremely low
concentrations.  No risk or hazard has been identified.  Vadose zone modeling
estimates the maximum concentration of lead to reach ground water would be
1.9 µg/L in 200,000 years, and HMX at 1.7 mg/L in 500 years.
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Cost:

Capital Cost:  $0

Present Worth O&M Cost:  $0

Total Present Worth Cost:  $0

4.2.7.2.  Building 854 OU—Module B:  Monitoring.

Objectives:

1. Periodically collect and analyze ground and surface water samples and perform water
level measurements.  This module does not include these activities when performed
to support the operation and optimization of remedial actions, e.g., the scope and cost
of sampling extraction wells.

Scope:

1. Sample and analyze ground water and measure water levels at 14 wells.

2. Sample and analyze surface water from two springs.

Cost:

Capital Cost:  $0

Present Worth O&M Cost:  $945,000

Total Present Worth Cost:  $945,000

4.2.7.3.  Building 854 OU—Module C:  Risk and hazard
management.

Objectives:

1. Manage human health risk resulting from potential inhalation of VOC vapor
volatilizing from the subsurface to indoor air within buildings.  The baseline
estimated risk from this pathway is 9 × 10–6 within Building 854F, and 5 × 10–6 within
Building 854A.

2. Manage human health risk resulting from potential incidental ingestion and direct
dermal contact with PCB-contaminated surface soil.  The baseline estimated risk from
this pathway is 7 × 10–5.

3. Ensure that the risks and hazards estimated in the baseline human health and
ecological risk assessments are not exceeded due to changing conditions at the site,
and that the remedy remains protective of human health and the environment.

4. Ensure compliance with RAOs.

5. Manage ecological hazard to San Joaquin kit fox and other fossorial vertebrate
species of special concern.
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Scope:

1. Implement building occupancy and land use restrictions in the vicinity of Building
854F and Building 854A and install warning signs.  If sampling of indoor air within
Building 854A or 854F indicates that risks currently exceed 10-6 or the HI exceeds 1,
institute building restrictions or, if building use is again anticipated, install a building
ventilation system and operate it whenever the building is occupied.

2. Develop and implement a risk and hazard monitoring and assessment program:

– Sample indoor ambient air annually for VOCs in Building 854F and Building
854A;

– Sample surface soil annually for PCBs in the Building 854 complex;

– Conduct semi-annual wildlife surveys by biologists to evaluate the presence of
any species of special concern;

– Integrate these data into risk assessment calculations to determine any changes in
risks and hazards; and

– Review these data to evaluate compliance with RAOs.

3. Develop and implement Operational Safety Procedures for all remedial actions where
risks can be foreseen.

Cost:

Capital Cost:  $18,000

Present Worth O&M Cost:  $221,000

Total Present Worth Cost:  $239,000

4.2.7.4.  Building 854 OU—Module D:  Ground water and soil
vapor extraction and treatment of VOCs and nitrate.

Objectives:

1. Reduce contaminant concentrations in ground water and the vadose zone.

2. Reduce contaminant mass in the subsurface.

3. Restore and protect beneficial uses of ground water.

Scope:

Source area wellfield

1. Extract ground water and soil vapor simultaneously from six wells located in the
vicinity of the Building 854 Complex.

2. Convert one well from a monitor well (W-854-02).

3. Install five new extraction wells.  The screened intervals for the extraction wells
would be between 140 and 160 feet bgs.
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4. Extract soil vapor (only) from six new wells located in the core complex area.  The
screened interval for the new wells would be between 10 and 30 feet bgs.

5. Perform six hydraulic tests and four soil vapor extraction tests.

6. Install a total of 500 feet of piping from the extraction wells to the source area
treatment system.

7. The estimated flow rate for ground water is 1.0 to 2.0 gpm per well, with a total flow
rate of 6 to 12 gpm.

8. Estimated maximum contaminant concentrations in extracted ground water are 260
µg/L TCE and 80 mg/L nitrate.  Based on a weighted average from all extraction
wells, the estimated contaminant concentrations in treatment system influent are 150
µg/L TCE and 60 mg/L nitrate.

9. The estimated flow rate for soil vapor is 0.8 to 1.0 scfm per well, with a total flow
rate of 10 to 12 scfm.  The design applied vacuum is 5 to 10 inches of Hg with an
estimated radius of influence of 20 to 30 feet per well based on a soil air permeability
10–9 cm2.

10. The estimated maximum TCE concentration in extracted soil vapor is 20 µg/L
(ppmv/v).  Based on a weighted average from all extraction wells, the estimated initial
TCE vapor concentration in treatment system influent is 10 to 20 µg/L (ppmv/v).

11. Treat all extracted ground water by a GWTU (B854-TF1) using aqueous-phase GAC
and a fixed-film bioreactor.

12. Treat all extracted soil vapor using vapor-phase GAC.

13. The locations of the components of this remediation module are shown conceptually
on Figure 4-11.

Downgradient wellfield

1. Extract ground water (only) from three wells located downgradient of the complex.

2. Convert one existing ground water monitoring well to an extraction well (W-854-03).

3. Install two new extraction wells.  The screened interval for the wells would be
between 140 and 160 feet bgs.

4. Complete all extraction wells in bedrock (Tnbs1) of low to moderate estimated
hydraulic conductivity.

5. Perform three hydraulic tests on the extraction wells.

6. Install a total of 400 feet of piping from the extraction wells to the downgradient
treatment systems.

7. The estimated flow rate for ground water is 0.5 to 1 gpm per well, with a total flow
rate of 1 to 2 gpm.

8. Based on a weighted average from all extraction wells, the estimated contaminant
concentrations in treatment system influent are 100 µg/L TCE and 40 mg/L nitrate.
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9. Treat all extracted ground water by a SWAT (B854-TF2) using aqueous-phase GAC
and a fixed-film bioreactor.

10. The locations of the components of this remediation module are shown conceptually
on Figure 4-11.

Cost:

Capital Cost:  $1,862,000

Present Worth O&M Cost:  $6,104,000

Total Present Worth Cost:  $7,966,000

4.2.8.  Remediation Modules:  Building 832 Canyon OU

4.2.8.1.  Building 832 Canyon OU—Module A:  No further action.

Objectives:

10. None.  Included for comparison.

Scope:

1. No further investigation, sampling, or analyses would be performed.

2. The following COCs are identified for consideration in a no further action module:

a) Nitrate in subsurface bedrock has been detected in extremely low concentrations
at Buildings 830.  No risk or hazard has been identified.  No viable remedial
technology has been identified.  Nitrate in ground water remains a COC.

b) HMX in surface soil (Building 830) and subsurface bedrock (Building 832) has
been detected in extremely low concentrations.  No risk or hazard has been
identified.  Vadose zone modeling for Building 832 estimates the maximum
concentration of HMX to reach ground water would be 0.13 mg/L in 50 years

Cost:

Capital Cost:  $0

O&M Cost:  $0

Total Present Worth Cost:  $0

4.2.8.2.  Building 832 Canyon OU—Module B:  Monitoring

Objectives:

7. Periodically collect and analyze ground and surface water samples and perform water
level measurements.  This module does not include these activities when performed
to support the operation and optimization of remedial actions, e.g., the scope and cost
of sampling extraction wells.
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Scope:

1. Sample and analyze ground water and measure water levels at 33 wells at Building
830 and 18 wells at Building 832.

2. Sample and analyze surface water from one spring.

Cost:

Capital Cost:  $0

Present Worth O&M Cost:  $2,462,000

Total Present Worth Cost:  $2,462,000

4.2.8.3.  Building 832 Canyon OU—Module C:  Risk and hazard
management.

Objectives:

1. Manage human health risk resulting from potential inhalation of VOC-contaminated
vapor volatilizing from the subsurface to outdoor air near Building 830.  The baseline
estimated risk from this pathway is 1 × 10–5.

2. Manage human health risk resulting from potential inhalation of VOC-contaminated
vapor volatilizing from the subsurface to indoor air within Building 830.  The
baseline estimated risk from this pathway is 3 × 10–6.

3. Manage human health risk resulting from potential inhalation of VOC-contaminated
vapor volatilizing from surface water to outdoor air at Spring 3.  The baseline
estimated risk from this pathway is 7 × 10–5, with a HI of 2.3.

4. Ensure that the risks and hazards estimated in the baseline human health and
ecological risk assessments are not exceeded due to changing conditions at the site,
and that the remedy remains protective of human health and the environment.

5. Ensure compliance with RAOs.

Scope:

1. Implement building occupancy and land use restrictions in the vicinity of Building
833 and install warning signs.  If sampling of indoor air within Building 833 indicates
that risks currently exceed 10–6 or the HI exceeds 1, institute building restrictions or,
if building use is again anticipated, install a building ventilation system and operate it
whenever the building is occupied.

2. Develop and implement a risk and hazard monitoring and assessment program:

– Sample outdoor ambient air annually for VOCs near Building 830;

– Sample indoor ambient air annually for VOCs in Building 830;

– Sample outdoor ambient air annually for VOCs near Spring 3;

– Integrate these data into risk assessment calculations to determine any changes in
risks and hazards; and

– Review these data to evaluate compliance with RAOs.
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3. Develop and implement Operational Safety Procedures for all remedial actions where
risks can be foreseen.

Cost:

Capital Cost:  $18,000

Present Worth O&M Cost:  $185,000

Total Present Worth Cost:  $203,000

4.2.8.4.  Building 832 Canyon OU—Module D:  Ground water and
soil vapor extraction and treatment of VOCs, perchlorate, and
nitrate at Building 832.

Objectives:

1. Reduce contaminant concentrations in ground water and the vadose zone.

2. Reduce contaminant mass in the subsurface.

3. Restore and protect beneficial uses of ground water

Scope:

Source area wellfield

1. Simultaneously extract ground water and soil vapor from 10 wells located in the
immediate vicinity of the Building 832 Complex.

2. Convert ten monitor wells (W-832-05, W-832-12, W-832-13, W-832-14, W-832-15,
W-832-16, W-832-17, W-832-18, W-832-19, and W-832-20) to complete the
extraction well field.

3. The screened intervals of the extraction wells are approximately 7 to 35 feet bgs.  All
extraction wells are completed in alluvium, fill, and bedrock of low estimated
hydraulic conductivity.

4. Perform four hydraulic tests and four soil vapor extraction tests.

5. Install a total of 400 feet of piping from the extraction wells to the source area
treatment system.

6. The estimated flow rate for ground water is 0.1 to 1 gpm per well, with a total flow
rate of 1 to 3 gpm.  Seasonal and yearly fluctuations in ground water are common,
and in some years little or no ground water is present.

7. Estimated maximum contaminant concentrations in extracted ground water are
1,300 µg/L TCE, 140 mg/L nitrate, and 14 µg/L perchlorate.  Based on a weighted
average from all extraction wells, the estimated contaminant concentrations in
treatment system influent are 300 µg/L TCE, 90 mg/L nitrate, and 10 µg/L
perchlorate.

8. The estimated flow rate for soil vapor is 0.8 to 1.0 scfm per well, with a total flow
rate of 8 to 10 scfm.  The design applied vacuum is 5 to 10 inches of Hg with an
estimated radius of influence of 20 to 30 feet based on a permeability of 10–9 cm2.
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9. The estimated maximum TCE concentration in extracted soil vapor is 30 µg/L
(ppmv/v).  Based on a weighted average from all extraction wells, the estimated initial
TCE vapor concentration in treatment system influent is 10 to 20 µg/L (ppmv/v).

10. All extracted ground water from the extraction wells near the Building 832 Complex
would be treated by a GWTU (B832-TF1) using aqueous-phase GAC and a fixed-
film bioreactor.

11. Treat all extracted soil vapor using vapor-phase GAC.

12. The locations of the components of this remediation module are shown conceptually
on Figure 4-12.

Downgradient wellfield

1. Four ground water (only) extraction wells would be located several hundred feet
downgradient of the Building 832 Complex.

2. Convert three monitor wells to extraction wells.

3. Install one additional extraction well.

4. The screened intervals of the extraction wells are approximately 25 to 40 feet bgs.
All extraction wells would be completed in bedrock of low estimated hydraulic
conductivity.

5. Perform four hydraulic tests.

6. A total of 375 feet of piping from the extraction wells to the downgradient treatment
systems would be required.

7. Water extracted from the four downgradient ground water (only) extraction wells
would be treated using two SWAT units (B832-TF2, B832-TF3) using aqueous-phase
GAC and fixed-film bioreactors.

8. At SWAT B832-TF2, the estimated weighted average influent concentrations are
150 µg/L TCE and 75 mg/L nitrate.  The estimated flow rate for ground water is 0.1
to 0.3 gpm per well, with a total flow rate of 0.2 to 0.6 gpm.  Two extraction wells
would be connected to this treatment unit (W-832-01 and W-832-11).

9. At SWAT B832-TF3, the estimated weighted average influent concentrations are
80 µg/L TCE and 70 mg/L nitrate.  The estimated flow rate for ground water is 0.1 to
0.3 gpm per well, with a total flow rate 0.2 to 0.6 gpm.  Two extraction wells would
be connected to this treatment unit (W-832-10 and the new extraction well).

10. The locations of the components of this remediation module are shown conceptually
on Figure 4-12.

Cost:

Capital Cost: $1,642,000

Present Worth O&M Cost:  $8,651,000

Total Present Worth Cost:  $10,293,000
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4.2.8.5.  Building 832 Canyon OU—Module E:  Ground water and
soil vapor extraction and treatment of VOCs, perchlorate, and
nitrate at Building 830.

Objectives:

1. Reduce contaminant concentrations in ground water and the vadose zone.

2. Reduce contaminant mass in the subsurface.

3. Restore and protect beneficial uses of ground water.

Scope:

Source area wellfield

1. Simultaneously extract ground water and soil vapor from 10 wells located in the
immediate vicinity of Building 830.

2. Convert six monitor wells to extraction wells (W-830-30, W-830-34, W-830-49, W-
830-19, W-830-22, and W-830-26).

3. Install four additional extraction wells.

4. The screened intervals of the extraction wells would be approximately 10 to 20 feet,
and the screened depths would range from 14 to 50 feet bgs.  All extraction wells
would be completed in alluvium, fill, and/or bedrock of low estimated hydraulic
conductivity.

5. Perform six hydraulic tests and four soil vapor extraction tests.

6. Install a total of 400 feet of piping from the extraction wells to the source area
treatment system.

7. The estimated flow rate for ground water is 0.1 to 1 gpm per well, with a total flow
rate of 1 to 3 gpm.

8. Estimated maximum contaminant concentrations in extracted ground water are
30,000 µg/L TCE, 500 mg/L nitrate, and 22 µg/L perchlorate.  Based on a weighted
average from all extraction wells, the estimated contaminant concentrations in
treatment system influent are 2,000 µg/L TCE, 200 mg/L nitrate, and 10 µg/L
perchlorate.

9. The estimated flow rate for soil vapor is 0.8 to 1.0 scfm per well, with a total flow
rate of 8 to 10 scfm.  The design applied vacuum is 5 to 10 inches of Hg with an
estimated radius of influence of 20 to 30 feet based on a permeability of 10–9 cm2.

10. The estimated maximum TCE concentration in extracted soil vapor is 1,000 µg/L
(ppmv/v).  Based on a weighted average from all extraction wells, the estimated TCE
concentration in treatment system influent is 50 to 100 µg/L (ppmv/v).

11. Treat all extracted ground water from the extraction wells near Building 830 by a
GWTU (B830-TF1) using aqueous-phase GAC and a fixed-film bioreactor.

12. Treat all extracted soil vapor using vapor-phase GAC.

13. The locations of the components of this remedial module are shown conceptually on
Figure 4-12.
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Downgradient wellfield

1. Five ground water (only) extraction wells would be located downgradient of
Building 830.

2. Convert three existing ground water monitoring wells to extraction wells (W-830-23,
W-830-27, and W-830-28).

3. Install two additional extraction wells.

4. The screened intervals of the extraction wells would be approximately 10 to 20 feet,
and the screened depths would range from approximately 25 to 100 feet bgs.  All
extraction wells would be completed in bedrock of low to moderate estimated
hydraulic conductivity.

5. Perform five hydraulic tests.

6. Install a total of 610 feet of piping from the extraction wells to the downgradient
treatment systems.

7. Treat water extracted from the five downgradient ground water extraction wells using
two SWAT units (B830-TF2, B830-TF3) using aqueous-phase GAC and fixed-film
bioreactors.

8. At SWAT B830-TF2, the estimated weighted average influent concentrations are
400 µg/L TCE and 80 mg/L nitrate.  The estimated flow rate for ground water is 0.1
to 0.5 gpm per well, with a total flow rate of 0.3 to 1.5 gpm.  Three extraction wells
would be connected to this treatment unit (W-830-23, W-830-27, and W-830-28).

9. At SWAT B830-TF3, the estimated weighted average influent concentrations are
100 µg/L TCE and 70 mg/L nitrate.  The estimated flow rate for ground water is 0.1
to 0.5 gpm per well, with a total flow rate of 0.2 to 1.0 gpm.  Two new extraction
wells would be connected to this treatment unit.

10. The locations of the components of this remediation module are shown conceptually
on Figure 4-12.

Cost:

Capital Cost: $1,877,000

Present Worth O&M Cost:  $8,761,000

Total Present Worth Cost:  $10,638,000
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4.2.8.6.  Building 832 Canyon OU—Module F:  Downgradient
ground water extraction using a siphon with ex situ treatment of
VOCs by iron filings.

Objectives:

1. Reduce contaminant concentrations in ground water

2. Reduce contaminant mass in ground water.

3. Control contaminant migration.

4. Restore and protect beneficial uses of contaminated ground water.

Scope:

1. Install two additional monitor wells and four new extraction wells at the siphon
location; all wells would be 70 ft deep.

2. Perform five hydraulic tests.

3. Develop a ground water flow and contaminant transport model.

4. Perform bench-scale laboratory tests on ground water from the extraction zone to help
select the reactive material and to predict chemical reactions.  Perform a field column
test at the siphon location to verify results.

5. The estimated concentrations of contaminants on the upgradient side of the siphon are
70 µg/L TCE and 60 mg/L nitrate.  The treatment system would be designed to
reduce the TCE concentration to levels below detection limits.

6. The capability of iron filings to reduce nitrate concentration is being investigated.

7. Manifold the extraction wells together.  Because of flowing artesian conditions at the
extraction wells, only a small vacuum would be needed to create a siphon to produce
continuous flow from wells.  The water from the siphon would flow into an above-
grade treatment system filled with iron filings.

8. Convey treated water in a pipe to the culvert at the bottom of the Building 832
Canyon.

9. Perform start-up testing of the system.

10. Conduct monitoring over the 30 year design life of the reactive barrier.

11. Implementing extensive ground water and soil vapor extraction at Building 830
(Module E) may reduce VOC mass in ground water such that contaminant
concentrations at the proposed site of the extraction wells would diminish to levels
which would render the siphon ineffective.

12. The locations of the components of this remediation module are shown conceptually
on Figures 4-12 and 4-13.
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Cost:

Capital Cost:  $722,000

Present Worth O&M Cost:  $2,448,000

Total Present Worth Cost:  $3,170,000

4.2.9.  Remediation Modules:  Building 801 and Landfill Pit 8

4.2.9.1.  Building 801 and Landfill Pit 8—Module A:  No further
action.

Objectives:

1. None.  Included for comparison.

Scope:

1. No further investigation, sampling, or analyses would be performed.

2. The following COCs are identified for consideration in a no further action module:

a) VOCs in subsurface bedrock have been detected in extremely low concentrations
below the Building 801 Dry Well.  No risk or hazard has been identified.  No
viable remedial technology has been identified to address such extremely low
concentrations.  This source was closed in 1984.  Vadose zone modeling estimates
the maximum concentration of TCE to reach ground water in the B801 dry well
area would be 15 µg/L in 200 years.

Cost:

Capital Cost:  $0

Present Worth O&M Cost:  $0

Total Present Worth Cost:  $0

4.2.9.2.  Building 801 and Landfill Pit 8—Module B:  Monitoring.

Objectives:
1. Periodically collect and analyze ground water samples and perform water level

measurements.  This module does not include these activities when performed to
support the operation and optimization of remedial actions, e.g., the scope and cost of
sampling extraction wells.

Scope:
1. Sample and analyze ground water and measure water levels at six wells.
2. Inspect landfill surface for damage that could compromise the integrity of the landfill,

and if such damage is found, arrange for repair.

Cost:
Capital Cost:  $0

Present Worth O&M Cost:  $535,000

Total Present Worth Cost:  $535, 00
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4.2.9.3.  Building 801 and Landfill Pit 8—Module C:  Waste
characterization with contingent monitoring, capping, or
excavation of Landfill Pit 8.

Objectives:

1. Control contaminant sources.

2. Prevent potential contamination of ground water.

3. Reduce contaminant mass in the subsurface.

4. Protect beneficial uses of ground water.

Scope:

Waste Characterization of Landfill Pit 8

1. Using a backhoe, excavate two test pits in Landfill Pit 8.  Bench or shore each test pit to
achieve a depth of 10 feet.  Each test pit would be 50 feet long.

2. Collect fill/waste samples from 4 vertical profiles, at 10 ft intervals along the length of
each test pit.  Collect and analyze samples at depths of 2, 5, and 10 feet from each of the
test pits for the following analytes:

– Tritium

– STLC metals (including beryllium)

– TTLC metals (including beryllium)

– Uranium and thorium isotopes

3. Additionally, analyze samples from a depth of 10 feet at each test pit for each of the
following analytes:

– HE compounds

– VOCs

4. Backfill the test pits.

5. Auger or use a direct-push rig to drill 8 boreholes within each landfill.

6. Collect samples at depths of 2, 5, and 10 feet for the following analytes:

– Tritium

– STLC metals (including beryllium)

– TTLC metals (including beryllium)

– Uranium and thorium isotopes

7. Additionally, analyze samples from a depth of 10 feet for each of the following
analytes:–

– HE compounds

– VOCs
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8. Backfill the auger/direct-push  holes.

9. Review the analytical data and compare to decision criteria (Section 4.1.2.9.1) to
determine whether capping or removal is necessary.  If excavation is required, determine
the volume of waste that would need to be excavated.

10. Revise estimates for waste classification and total volumes of waste.

Cost:

Capital Cost:  $205,000

Present Worth O&M Cost:  $0

Total Present Worth Cost:  $205,000

Capping of Landfill Pit 8

1. Design and construct a multi-layer cap and associated surface water drainage.

2. The estimated area of the cap is 105,000 ft2.

3. Perform annual inspections and maintenance of the cap and drainage system.

Cost:

Capital Cost:  $1,017,000

Present Worth O&M Cost:  $154,000

Total Present Worth Cost:  $1,171,000

Excavation of Landfill Pit 8

1. Excavate contaminated firing table debris from Landfill Pit 8.  This could range from a
small portion to the entire landfill, depending on the amount of material determined to
cause significant risk.

2. The estimated depth of excavation is approximately 10 feet.

3. The total estimated volume of excavated material is 24,700 yd3 and is assumed to be low-
level radioactive waste which would be disposed of off-site.  On-site consolidation or re-
consolidation in place may also be feasible and more economical if large volumes are to
be extracted.

4. No analytical data are available regarding contaminants that may be present in Landfill
Pit 8, but tritium, uranium-238, and metals were possibly disposed in the pit.

5. The locations of the components of this remediation module are shown conceptually on
Figures 4-7 and 4-14.

Cost:

Capital Cost:  $1,017,000$20,872,000

Present Worth O&M Cost: $0

Total Present Worth Cost: $20,872,000
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Total Module Cost:

$205,000 (waste characterization only)

$1,376,000 (waste characterization plus capping)

$21,077,000 (waste characterization plus excavation with offsite disposal)

4.2.10.  Remediation Modules:  Building 833 Area

4.2.10.1.  Building 833 Area—Module A:  No further action.

Objectives:

None.  Included for comparison.

Scope:

1. No further investigation, sampling, or analyses would be performed.
No COCs are identified for consideration of a no further action module.

Cost:

Capital Cost:  $0

Present Worth O&M Cost:  $0

Total Present Worth Cost:  $0

4.2.10.2.  Building 833 Area—Module B:  Monitoring.

Objectives:

1. Periodically collect and analyze ground and surface water samples and perform water
level measurements.  This module does not include these activities when performed
to support the operation and optimization of remedial actions, e.g., the scope and cost
of sampling extraction wells.

Scope:

1. Sample and analyze ground water at nine wells.

Cost:

Capital Cost:  $0

Present Worth O&M Cost:  $661,000

Total Present Worth Cost:  $661,000
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4.2.10.3.  Building 833 Area—Module C:  Risk and hazard
management.

Objectives:

1. Manage human health risk resulting from potential inhalation of VOC vapor
volatilizing from the subsurface to indoor air within Building 833.  The baseline
estimated risk from this pathway is 1 × 10–6, with a HI of less than 1.

2. Ensure that the risks and hazards estimated in the baseline human health and
ecological risk assessments are not exceeded due to changing conditions at the site,
and that the remedy remains protective of human health and the environment.

3. Ensure compliance with RAOs.

Scope:

1. Implement building occupancy and land use restrictions in the vicinity of
Building 833 and install warning signs. If sampling of indoor air within Building 833
indicates that risks currently exceed 10–6 or the HI exceeds 1, institute building
restrictions or, if building use is again anticipated, install a building ventilation
system and operate it whenever the building is occupied.

2. Develop and implement a risk and hazard monitoring and assessment program:

– Sample indoor ambient air annually for VOCs in Building 833;

– Integrate these data into risk assessment calculations to determine any changes in
risks and hazards; and

– Review these data to evaluate compliance with RAOs.

3. Develop and implement Operational Safety Procedures for all remedial actions
where risks can be foreseen.

Cost:

Capital Cost:  $18,000

Present Worth O&M Cost:  $141,000

Total Present Worth Cost:  $159,000

4.2.10.4.  Building 833 Area—Module D: Ground water and soil
vapor extraction and treatment of VOCs

Objectives:

1. Reduce human health risk resulting from potential ingestion of contaminated ground
water.

2. Prevent continued contamination of ground water.

3. Achieve contaminant mass removal.

4. Restore or protect beneficial uses of ground water.
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Scope:

1. Ground water and soil vapor would be extracted simultaneously from two wells
located in the vicinity of Building 833.

2. Both extraction wells would be converted monitor wells (W-833-03 and W-833-12).

3. The screened intervals for the wells are between 20 and 30 feet bgs.  The extraction
wells would be completed in a shallow perched water-bearing zone of low estimated
hydraulic conductivity.

4. Soil vapor (only) would be extracted from four new wells located in the vicinity of
Building 833.  The screened interval for the new wells would be between 30 and 40
feet bgs.  The wells would be completed in fine-grained material with low estimated
hydraulic conductivity below the perched water-bearing zone.

5. Two hydraulic tests and two soil vapor extraction tests would be performed.

6. A total of 170 feet of piping from the extraction wells to the treatment systems would
be required.

7. The estimated flow rate for ground water is 0.1 to 0.5 gpm per well, with a total flow
rate of 0.2 to 1.0 gpm.  Seasonal and yearly fluctuations in ground water are common,
and in some years little or no ground water is present.

8. Estimated maximum contaminant concentration in extracted ground water is
1,100 µg/L TCE.  Based on a weighted average from all extraction wells, the
estimated TCE concentration in treatment system influent is 500 to 1,000 µg/L.

9. The estimated flow rate for soil vapor is 0.8 to 1.0 scfm per well, with a total flow
rate of 10 to 12 scfm.  The design applied vacuum is 5 to 10 inches of Hg with an
estimated radius of influence of 20 to 30 ft per well based on a soil air permeability of
10-9 cm2.

10. The estimated maximum TCE concentration in extracted soil vapor is 40 to 50 µg/L
(ppmv/v).  Based on a weighted average from all extraction wells, the estimated initial
TCE vapor concentration in treatment system influent is 20 to 30 µg/L (ppmv/v).

11. All extracted ground water would be treated by one GWTU (B833-TF1) using
aqueous-phase GAC.

12. All extracted soil vapor would be treated using vapor-phase GAC.

13. The locations of the components of this remediation module are shown conceptually
on Figure 4-15.

Cost:
Capital Cost:  $803,000

Present Worth O&M Cost:  $2,633,000

Total Present Worth Cost:  $3,436,000
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4.2.11.  Remediation Modules:  Building 845 Firing Table and
Landfill Pit 9

4.2.11.1.  Building 845 Firing Table and Landfill Pit 9—Module
A:  No further action.

Objectives:

1. None.  Included for comparison.

Scope:

1. No further investigation, sampling, or analyses would be performed.

2. The following COCs are identified for consideration of a no further action module:

a) Uranium-238 in subsurface soil below the Building 845 firing table.  The
maximum  concentration of uranium-238 is 1.2 pCi/g.  Vadose zone modeling
estimates the maximum activity of total uranium to reach ground water would be
42 pCi/L, in 2,750 years, and that it will be about 2,000 years before the MCL is
exceeded.

b) HMX in subsurface soil below the Building 845 firing table.  The maximum
concentration of HMX is 0.054 mg/kg.  Vadose zone modeling estimates the
maximum concentration of HMX to reach ground water would be 0.014 mg/L, in
260 years.

Cost:

Capital Cost:  $0

Present Worth O&M Cost:  $0

Total Present Worth Cost:  $0

4.2.11.2.  Building 845 Firing Table and Landfill Pit 9—Module
B:  Monitoring.

Objectives:

1. Periodically collect and analyze ground and surface water samples and perform water
level measurements, although no COCs have been identified in ground water.

Scope:

1. Sample and analyze ground water and measure water levels at four wells.

2. Sample and analyze surface water from one spring.

3. Inspect landfill surface for damage that could compromise the integrity of the landfill
and if such damage is found, arrange for  repair.

Cost:

Capital Cost:  $0

Present Worth O&M Cost:  $488,000

Total Present Worth Cost:  $488,000
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4.2.11.3.  Building 845 Firing Table and Landfill Pit 9—Module
C: Waste characterization with contingent monitoring, capping,
or excavation of Landfill Pit 9.

Objectives:

1. Control contaminant sources.

2. Prevent potential contamination of ground water.

3. Reduce contaminant mass in the subsurface.

4. Protect beneficial uses of ground water.

Scope:

Waste Characterization of Landfill Pit 9

1. Using a backhoe, excavate two test pits in Landfill Pit 9.  Bench (or shore) each test
pit to achieve a depth of 10 feet.  Each test pit would be 50 feet long.

2. Collect fill/waste samples from 4 vertical profiles, spaced at 10 ft intervals along the
length of each test pit.  Collect and analyze samples at depths of 2, 5, and 10 feet
from each of the test pits for the following analytes:

– Tritium

– STLC metals (including beryllium)

– TTLC metals (including beryllium)

– Uranium and thorium isotopes

3. Additionally, analyze samples from a depth of 10 feet at each test pit for each of the
following analytes:

– HE compounds

– VOCs

4. Backfill the test pits.

5. Auger or use a direct-push rig to drill 8 boreholes within each landfill.

6. Collect samples at depths of 2, 5, and 10 feet for the following analytes:

– Tritium

– STLC metals (including beryllium)

– TTLC metals (including beryllium)

– Uranium and thorium isotopes

7. Additionally, analyze samples from a depth of 10 feet for each of the following
analytes:

– HE compounds

– VOCs
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8. Backfill the auger/direct-push holes.

9. Review the analytical data and compare to regulatory standards to determine whether
capping or removal is necessary.  If excavation is required, determine the volume of
waste that would need to be excavated (see decision process, Section 4.1.2.9.1).

10. Revise estimates for waste classification and total volumes of waste.

Cost:

Capital Cost:  $205,000

Present Worth O&M Cost:  $0

Total Present Worth Cost:  $205,000

Capping of Landfill Pit 9

1. Design and construct a multi-layer cap and associated surface water drainage.

2. The estimated area of the cap is 20,000 ft2.

3. Perform annual inspections and maintenance of the cap and drainage system.

Cost:

Capital Cost:  $550,000

Present Worth O&M Cost:  $154,000

Total Present Worth Cost:  $704,000

Excavation of Landfill Pit 9

1. Excavate contaminated firing table debris from Landfill Pit 9.  This could range from
a small portion to the entire landfill, depending on whether the amount of material
determined to cause significant risk.

2. The estimated depth of excavation is approximately 10 feet.

3. The total estimated volume of excavated material is 7,400 yd3, which is assumed to
be low-level radioactive waste.

4. No analytical data are available on contaminants that may be present in Landfill Pit 9,
but tritium, uranium-238, and metals were possibly disposed in the pit.

5. The locations of the components of this remediation module are shown conceptually
on Figures 4-7 and 4-16.

Cost:

Capital Cost:  $6,372,000

Present Worth O&M Cost: $0

Total Present Worth Cost: $6,372,000



UCRL-AR-132609 Site-Wide FS for LLNL Site 300 November 1999

11-99/S300 SWFS:rtd 4-65

Total Module Cost:

$205,000 (waste characterization only)

$909,000 (waste characterization plus capping)

$6,577,000 (waste characterization plus excavation with offsite disposal)

4.2.12.  Remedial Modules:  Building 851 Firing Table

4.2.12.1.  Building 851 Firing Table—Module A:  No further
action.

Objectives:

1. None.  Included for comparison.

Scope:

1. No further investigation, sampling, or analyses would be performed.

2. The following COCs are identified for consideration in a no further action module:

a) TCE has been detected at a maximum concentration of 0.0003 mg/kg in
subsurface bedrock below the Building 851 firing table.  No risk or hazard has
been identified.  No viable remedial technology has been identified to address
such extremely low concentrations.

b) Uranium-238 has been detected at a maximum concentration of 11 pCi/g in
subsurface bedrock below the Building 851 firing table.  Vadose zone modeling
estimates the maximum activity of total uranium under the firing table to reach
ground water would be 786 pCi/L in 4,600 years.  The modeling indicates that
total uranium will not exceed the MCL of 20 pCi/L in ground water for over
3,000 years.

c) Uranium-238 has been detected at a maximum concentration of 14.11 pCi/g in
surface soil adjacent to the Building 851 firing table.  Vadose zone modeling
estimates the maximum activity of total uranium to reach ground water from soil
adjacent to the firing table would be 24 pCi/L, in 5,000 years, and it will be about
4,600 years before the MCL is exceeded.

d) Cadmium has been detected at a maximum concentration of 9 mg/kg in surface
soil adjacent to the Building 851 firing table.  Vadose zone modeling estimates
the maximum concentration to reach ground water would be 0.0024 mg/L in
20,000 years.

e) Copper has been detected at a maximum concentration of 79 mg/kg in surface soil
adjacent to the Building 851 firing table.  Vadose zone modeling estimates the
maximum concentration to reach ground water would be 0.054 mg/L in
20,000 years.

f) Zinc has been detected at a maximum concentration of 360 mg/kg in surface soil
adjacent to the Building 851 firing table.  Vadose zone modeling estimates the
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maximum concentration to reach ground water would be 0.041 mg/L in
10,000 years.

g) RDX has been detected at a maximum concentration of 0.131 mg/kg in surface
soil adjacent to the Building 851 firing table.  Vadose zone modeling estimates
the maximum concentration to reach ground water would be 2.5 µg/L in
400 years.

Cost:

Capital Cost:  $0

Present Worth O&M Cost:  $0

Total Present Worth Cost:  $0

4.2.12.2.  Building 851 Firing Table—Module B:  Monitoring.

Objectives:

1. Periodically collect and analyze ground and surface water samples and perform water
level measurements.  This module does not include these activities when performed
to support the operation and optimization of remedial actions, e.g., the scope and cost
of sampling extraction wells.

Scope:

1. Sample and analyze ground water and measure water levels at five wells.

2. Sample and analyze surface water from one surface water drainage.

Cost:

Capital Cost:  $0

Present Worth O&M Cost:  $530,000

Total Present Worth Cost:  $530,000

4.2.12.3.  Building 851 Firing Table—Module C:  Ground water
extraction and treatment of uranium-238.

Objectives:

1. Reduce contaminant concentrations in ground water.

2. Reduce contaminant mass in ground water.

3. Restore and protect beneficial uses of ground water.

Scope:

1. Extract ground water from a total of four wells.

2. Convert two monitor wells to extraction wells (W-851-07 and W-851-08).

3. Install two additional extraction wells.
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4. The screened intervals of the extraction wells would be approximately 145 to 180 feet
bgs.  All extraction wells would be completed in bedrock of moderate estimated
permeability.

5. Perform four hydraulic tests.

6. Install a total of 1,000 feet of piping from the extraction wells to the treatment
system.

7. The estimated flow rate for ground water is 0.2 to 1.0 gpm per well, with a total flow
rate of 1 to 3 gpm.

8. Based on a weighted average from all extraction wells, the estimated uranium-238
activity in treatment system influent is about 5 pCi/L.

9. All extracted ground water would be treated by a SWAT (B851-TF1) using ion
exchange for uranium-238.

10. The locations of the components of this remediation module are shown conceptually
on Figure 4-17.

Cost:

Capital Cost:  $593,000

 Present Worth O&M Cost:  $3,075,000

Total Present Worth Cost:  $3,668,000


