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SITE HEALTH AND SAFETY PLAN Sandia National Laboratories, Albuquerque
Environmental Restoration Project Mixed Waste Landfill

2.0 Project Health and Safety Roles and Responsibilities

Section 1.3 presents the general project-level organization. The following sections provide additional information relative to the task-specific
implementation of this HASP and related task work. According to SNL/NM policy, any site worker has the authority to stop work if unsafe
conditions exist at the site.

2.1 ER Task Leaders (TLs)

The ER TLs have the primary responsibility for project completion and are the focal point of communication and direction between SNL/NM support
organizations and contractor personnel. The TLs are responsible for all task work at the MWL, including administering contracted project activities
and contractor personnel technical work. The TLs report directly to the SNL/NM ER Department 6147 Manager and work with the SNL/NM
Contract Representative to administer contracts. The TLs will coordinate all interactions and activities with SNL/NM, DOE, the public, and other
organizations, except those interactions or responsibilities they specifically delegate.

2.2 Assistant Task Leaders (ATLs)

The ER ATLs will assist the TLs and will interact with other contractor personnel and SNL/NM support organizations to ensure safe task
completion. ATLs will typically coordinate day-to-day work the task-specific contractors are performing, under the direction of the TL(s). ATLs will
be responsible for maintaining appropriate training and serve as the focal point of communication between support organizations and task-specific
contractor personnel. ATLs will also coordinate with the Hazardous Waste Management Office (HWM), the Radioactive and Mixed Waste
Management Facility (RMMF), and the Radiation Protection Office (RPO).

2.3 Task-Specific Contractor Personnel
The TLs will staff specific task work with appropriate, qualified contractor personnel. Task-specific contractors will be responsible for maintaining
appropriate training and performing site work safely, as specified in their contracts.

2.4 Site Safety Officer (SSO)
The SSO may vary based upon the task work being performed. For each task, at least one SSO will be designated by the TL. The SSO role may
be filled by a TL, ATL, or task-specific contractor. The SSO will be responsible for the following specific activities:
e Conduct and document daily tailgate safety briefings for all task-specific personnel and identify who will be responsible for carrying the two-
way radio or cell phone and/or pager;
Verify appropriate training documentation is maintained on site for each task-specific site worker;
¢ Review Task Hazard Analysis (THA) information with site workers, including PPE requirements;
Coordinate health and safety issues and emergency response actions with site personnel and others, as appropriate.
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2.5

Monitor weather conditions;

Maintain site safety field logs that include the following information: weather conditions, employees on-site, safety issues and any corrective

actions implemented;

Coordinate with SNL/NM industrial hygiene, safety, and radiation protection personnel as necessary and appropriate; and
Enforce compliance with all requirements of this HASP and stop work if an unsafe condition is identified.

Site Visitors

All visitors most obtain permission prior to visiting the site from the SNL/ER Department Manager or the ER TL on site. Site visitors will be required
to receive a task-specific site safety briefing and comply with health and safety requirements as specified by the SSO if they are present in an area
of the site where work is being performed. The TL or ATL on site can then appropriately respond to the visitor and notify available on-site personnel

of thev

isitor's purpose and request appropriate support.

3.0 ldentified Work Tasks and Task Hazard Analyses

Identified work tasks and the Task Hazard Analysis (THA) process are described in this section. The THA process is the tool that will be used to
evaluate and control hazards associated with identified work tasks. If new tasks are added to the MWL work scope, THAs will be prepared and
reviewed with all involved site workers prior to starting the new task.

Identified work tasks at the MWL are summarized below.

Task Scope

Comments

Cover Installation

Remove perimeter fences, and install temporary area boundary using T-posts
and rope.

Clear and grub existing landfill surface. Grubbing is not to exceed 6 in. in
depth.

Grubbed material will be stockpiled and used as mulch
or rip-rap as needed in the design specifications.

The MWL is a Soil Contamination Area (SCA). Site
workers will be required to read and sign the RWP prior
to performing work in the SCA, and will follow the RWP
during cover construction activities. However, once the
subgrade fill has been applied, the only applicable
radiological control to be applied will be no intrusive
work.

» Compact landfill surface to prepare for subgrade fill.

» Place and compact subgrade fill (from TA-3 soil stockpiles).

* Place rock bio-intrusion barrier.

= Place and compact native soil layer fill (from TA-3 soil stockpiles).

* Place and minimally-compact topsoil layer.
AL/10-05/WP/SNL05:r5729-d.doc D-3
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= Seed the cover, lay-down area, borrow areas, and other disturbed areas with
a native seed mix, as needed.

Additional tasks to be conducted include:

= Soil screening

Surveying

Equipment decontamination, if needed (see Section 7.0).

Clearing, grubbing, shallow excavation (at the TA-3 borrow area), minor cut
and fill, contouring, scarifying, and harrow work.

Road maintenance and dust control

QA/QC sampling

Nuclear gauge moisture and density verification measurements

Mechanical screening, grading, shallow excavation for
surface water drainage features, and other closure
activities are covered under this THA. Shallow
excavation to generate additional clean fill from a
borrow pit area is also covered under this THA.

Soil screening will be conducted on clean soils near the
TA-3 borrow area west of the CAMU. During
screening, personnel at the nearby RWMMF will be
notified regarding heavy equipment traffic. A dust
permit and digging permit will be required.

Task Scope

Comments

Waste Management Activities
» Miscellaneous waste management tasks, including waste characterization,
packaging, labeling, inspections, and movement.

No wastes are anticipated other than PPE,
miscellaneous operational wastes, and decon water.
The MWL is a Soil Contamination Area (SCA). Site
workers will be required to read and sign the RWP prior
to performing work in the SCA. However, once the
subgrade has been applied, the only applicable
radiological control to be applied will be no intrusive
work.

Mobilization, Demobilization and Site Closure

Fence removal and installation

Addition or removal of temporary structures including site trailers
Miscellaneous site clean-up activities

Loading, unloading, and moving equipment and supplies.
Geophysical surveys and other surveys

Much of this work will be performed between other task
work as the schedule and personnel availability permit.

AL/10-05/WP/SNLO5:r5729-d.doc D-4

840857.04.24 10/27/05 4:22 PM
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3.1 Task Hazard Analyses
The Task Hazard Analysis (THA) tool is the approach used to identify hazards and establish hazard controls prior to the execution of work. This
approach is an integral part of implementing SNL/NM’s Integrated Safety Management System initiative at the MWL.

Preliminary THA summaries have been prepared for each identified task and are provided in Attachment D1. Each task is described, the required
equipment listed, and the anticipated level of PPE specified. Hazards are sorted into four categories: chemical, physical, radiological, and
biological, and then rated based upon the probability of occurrence and the severity of the consequences. Anticipated control measures are then
described. The hierarchy of controls is elimination, substitution, engineering, administration, and PPE. Potential offsite impacts are considered and
control measures described, although for most of the remaining task work there is very low probability of any off-site impacts. These THAs will be
modified and/or new ones generated as new information becomes available and/or new tasks are added to the work scope. THAs for non-routine
tasks will be performed and reviewed with site workers prior to conducting the specific task. The results of these THAs will be incorporated in the
daily, task-specific tailgate safety briefings. The TL will maintain the most current version of THAs, distribute them to personnel as appropriate, and
attach them to the site HASP.

3.2 Underground Utilities

All soil disturbance, regardiess of depth, will require a dig permit so the location of buried utilities can be identified prior to the start of field work. A
comprehensive excavation permit has been submitted to cover all activities described in this HASP, and to comply with the SNL/NM Excavation and
Penetration Activities Procedure AP-004 Revision 8. In the past, if the activity did not penetrate below 1 foot, an excavation permit was not
required and the hazard of encountering underground utilities was not, as a rule, considered. Now all surface-disturbing activities will follow the
procedures below. Surface disturbing activities include:

Digging Sampling
Scraping Fence construction
Grading Posting & signage installation

Before any excavation is performed, submit a request for an Excavation Permit to Facilities.

Have any underground utilities identified, spotted and marked by Facilities before start of the activity.

When submitting a request for an excavation permit describe the work area and note the exact location on a drawing of the site.
Designate a sufficient size work area to allow the opportunity to locate work away from marked utilities.

Pre-inspect the area after spotting has been completed to see if there are buried utility issues that need to be resolved.

Do not mechanically dig closer than 5 feet to any marked or mapped buried utilities.

If hand digging within the 5-foot exclusion area is not possible, call the Excavation Permit organization in Facilities Management for other
options.
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. No intrusive digging activities are planned at the Mixed Waste Landfill. However, clean soils will be excavated to a depth of up to 3 ft from
the TA-3 borrow area, located approximately % mile south of the MWL.

. Alert authorities if any underground utilities are encountered. Call 311, the non-emergency hotline (24/7) for guidance. For emergencies
call 911. Notify your line management.

o Report even known utilities that are uncovered so that Facilities can determine their exact location with GPS equipment and correct their
drawings, if needed.

. Report any site-installed utilities to Facilities so they may add them to the drawings of the area.

3.4 Hot Work

Various activities at the MWL may require welding, cutting metal with a cutting torch, or other forms of hot work. The SNL/NM Hot Work
Administrative Procedure AP-032 Revision 1 will be followed for all applicable hot work at the MWL, including obtaining a hot work permit prior to
conducting the related work. The permit process identifies hazards associated with hot work and identifies appropriate controls for those hazards.
The hot work permit will be maintained on site. Any hot work being conducted by outside contractors will be performed under the MWL hot work
permit, and Sandia will provide oversight and fire watch support during the hot work. The SSO will also ensure that any person performing hot
work will be provided with and will wear proper protection specific to the particular task.

3.5 Weather

Weather-related hazards include heat stress, sunburn, cold stress, rain, wind, hail, snow, and lightning. The task-specific SSO is responsible for
briefing workers on weather-related hazards, warning signs, and appropriate hazard control measures. All site personnel are responsible for
monitoring weather conditions while performing activities outside, and stopping work if weather conditions create an unsafe work environment. If
lightning occurs within 1 mile of the work area (5 to 7 second count between the lightning flash and the sound of thunder), work will be stopped until
the lightning moves further away or the storm dissipates.

3.6 Borrow Area Excavation
The TA-3 borrow area is located west of the CAMU in the southern part of TA-3. The excavation at the borrow area will extend no deeper than 3 ft
bgs, and therefore, does not constitute a significant hazard.

4.0 Personal Protective Equipment

Due to the nature of the hazards at the MWL, this work will be performed in Level D PPE, as described below.
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Level D Protection
¢ Cotton coveralls
Climate appropriate underclothes
Hard Hat*
Safety shoes/boots
Safety glasses w/sideshields or goggles
o  Work Gloves (leather or cotton)*
*Task-specific PPE requirements will be determined by the SSO and communicated to workers at the tailgate safety briefing.

The SSO is responsible for evaluating the PPE requirements and can make appropriate changes based upon actual site conditions and/or
information obtained during task work. The SSO for each task will determine if hard hats are necessary based upon whether or not an overhead
hazard exists. Equipment operators working in closed cabs for all tasks do not need to wear safety glasses or hardhats. No buried MWL wastes
are likely to be encountered during cover construction activities, as wastes are buried several feet or more below ground surface. For this reason,
Tyvek or other disposable coveralls are not required, and Level D PPE will be adequate for all activities on site.

Tritium is present in surface soils at the MWL. Most of the tritium occurs in soils primarily in the northern half of the MWL, with the greatest
concentration occurring in the Classified Area. Figure D-1 shows the distribution of tritium in surface soil at the MWL, based on sampling activities
conducted in the early 1990’s. Tritium activities in surface soil are relatively low and do not pose a threat to human health or the environment
(Peace et al, 2002).

Plutonium-238 has been detected at concentrations of up to 0.103 pCi/g in localized surface soils in the unclassified area of the MWL (Figure D-2).
Risk assessment shows the plutonium (at the concentrations detected) does not pose a threat to human health or the environment (SNL/NM
2002).

Standard dust suppression techniques will be used to minimize the generation of windblown dust. These techniques include the limited spraying of
soils with water or the use of soil fixatives to minimize dust generation. Fixatives used for dust control shall be reviewed prior to application for
potential effects on landfill leachate and landfill surface runoff. Over-application of water resulting in free liquids will not be allowed because of
waste minimization controls.

AL/10-05/WP/SNLO05:r5729-d.doc D-7 840857.04.24 10/27/05 4:22 PM



SITE HEALTH AND SAFETY PLAN
Environmental Restoration Project

Sandia National Laboratories, Albuquerque
Mixed Waste Landfill

If required and specified, fixatives may be used to mitigate dust.

Dust control will be in accordance with the New Mexico Environment

Department’s Ambient Air Quality Standards (NMAC Title 20 Chapter 2 Part 3) and all applicable DOE and SNL standards. Work will be restricted
or suspended if unacceptable amounts of dust are being generated as determined by the SSO and/or radiological control technician. Work areas
that have the potential for generating dust will require dust suppression techniques.

PPE requirements by task are summarized below and in the task-specific THAs provided in Attachment D1.

Task Activities

PPE Requirements and Comments

Cover Installation

Remove perimeter fences, and install temporary area boundary using T-
posts and rope.

Clear and grub existing landfill surface. Grubbing is not to exceed 6 in. in
depth.

Compact landfill surface to prepare for subgrade fill.

Place and compact subgrade fill (from TA-3 soil stockpiles).

Place gravel/cobble bio-intrusion barrier.

Place and compact native soil layer fill (from TA-3 soil stockpiles).

Place and minimally-compact topsoil layer.

Seed the cover, lay-down area, borrow areas, and other disturbed areas
with a native seed mix, as needed.

Additional tasks to be conducted include:

Soil screening

Surveying

Equipment decontamination, if needed

Clearing, grubbing, shallow excavation (at the TA-3 soil borrow area),
minor cut and fill, contouring, scarifying, and harrow work

Road maintenance and dust control

QA/QC sampling

Nuclear gauge moisture and density verification measurements

All activities can be performed in Level D PPE (Section
4.0). Task-specific PPE requirements will be determined
and communicated to site workers by the SSO, or by the
Rad Technician in accordance with the RWP # 2562 .
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Waste Management Activities All waste management tasks are adequately covered by
= Miscellaneous waste management tasks, including waste ' Level D PPE (Section 4.0). Task-specific PPE

characterization, packaging, labeling, inspections, and movement. requirements will be determined and communicated to site
. workers by the SSO.
All activities can be performed in Level D PPE (Section

Mobilization, Demobilization and Site Closure 4.0). Task-specific PPE requirements will be determined
= Fence removal and installation and communicated to site workers by the SSO.
= Addition or removal of temporary structures including site trailers
=  Miscellaneous site clean-up activities
* Loading, unloading, and moving equipment and supplies
[ ]

Geophysical surveys and other surveys

5.0 Personnel Training and Medical Monitoring Requirements

All on-site workers must sign the HASP compliance agreement in Section 10.0 and attend the daily, task-specific tailgate safety meetings. All site
visitors entering active work areas, regardless of employer, must receive a site-specific safety briefing delivered by the SSO or designee for that
work area.

The task-specific SSOs are responsible for verifying training compliance for site workers involved in the specific tasks they are assigned to. The
TLs, with support from the task-specific SSOs, ATLs and administrative staff are responsible for tracking and notifying personnel when training
updates are needed. Copies of training records will be maintained at the MWL site. Unless otherwise noted, all training must be documented by a
certificate of completion, by signing a training log, or an SNL/NM TEDS printout. Site workers are responsible for providing the SSO or designee
with training documentation prior to starting work, and attending scheduled training. All site workers must comply with medical surveillance
requirements outlined in 29 CFR 1910.120(f).

Site Safety Officers will be required to have RAD Worker |l training. Because construction activities will be noninvasive, heavy equipment
operators in closed cabs are required to have Rad Worker 1 training. For any work requiring use of a respirator, site workers must have mec cal
approval, respiratory protection training, and a respiratory fit test. At least one person on site must have CPR, First Aid, and Fire Extinguisher
training. Site workers that operate a forklift must have the appropriate SNL/NM training (FKL153G) or equivalent training from another source.
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Training requirements for site personnel are summarized in the Table below.

Responsibility Required Training

Task-Specific Site Safety Officers (SSOs) | 40-hour OSHA HAZWOPER, 8 Hr. Annual Refresher, 8 Hr. HAZWOPER Supervisor
Training, 24-Hr. Supervised OJT, ESH100, Rad Worker I

Task Leaders and Assistant Task 40-hour OSHA HAZWOPER, 8 Hr. Annual Refresher, 8 Hr. HAZWOPER Supervisor

Leaders Training, 24-Hr. Supervised OJT, ESH100, Rad Worker |l

Site Workers (including Task Specific 40-hour OSHA HAZWOPER, 8 Hr. Annual Refresher, 24-Hr. Supervised OJT, ESH100,

Contractors) Rad Worker 1

Heavy Equipment Operators 40-hour OSHA HAZWOPER, 8 Hr. Annual Refresher, 24-Hr. Supervised OJT, ESH100,
Rad Worker 1, Drivers License [CDL not required, as operators will not be on public
roads]

"SNL/NM security training requirements applicable to the level of clearance for each worker will be completed and documented.
6.0 Monitoring

Dust monitoring may be required during the initial phase of the construction project. If it is requested by a task-specific SSO, dust monitoring will
be coordinated with the MWL TL(s).

Because the MWL is an SCA, work in radiologically-controlied areas is addressed under RWP # 2562 and subsequent revisions. Screening and
sampling for radiological contamination will be conducted as per the RWP and project waste characterization criteria. Radiation monitoring may be
required by the RWP. The radiation monitoring instruments will be calibrated and maintained by SNL/NM Radiation Protection. The criteria for
stopping work and notifying the SNL/NM Radiological Control Technician are specified in the RWP.

7.0 Work Zones and Decontamination

Chemical decontamination for personnel and equipment will not be required, as no wastes will be excavated from the site. Radiological
decontamination of equipment may be required during the subgrade preparation phase of the project, when heavy equipment may encounter
contaminated soils. Radiological decontamination is addressed in RWP # 2562 and subsequent revisions. Once clean subgrade have been
placed over the contaminated soils, radiological decontamination will no longer be necessary
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7.1  Work Zones

An exclusion zone (EZ) will be established to protect personnel during heavy equipment operations on the cover. A contamination reduction zone
(CRZ) will not be necessary, as no excavation into contaminated materials is anticipated, and personnel decontamination should not be required.
The SSO will be responsible for setting up appropriate task-specific EZs within the MWL site operational boundary. The necessity for a
radiological buffer and decontamination area will addressed in RWP # 2562 and subsequent revisions.

7.2 Personnel Decontamination

Personnel decontamination should not be necessary during the MWL cover construction project, as contamination levels in MWL soils are relatively
low. Once soils are covered by the subgrade layer, there will be no potential for contamination of personnel during the remaining cover
construction activities. RWP # 2562 and associated revisions discuss radiological requirements for decontamination when exiting a radiologically-
controlled area.

7.3 Equipment Decontamination

Equipment that comes into contact with contaminated MWL soil during the initial phase of the project may require decontamination, in accordance
with the MWL RWP # 2562. The approved MWL decontamination procedure involves either a dry decon or washing equipment with a high-
pressure spray or a low-pressure wash/brush, using a surfactant such as Alconox mixed with water.

If necessary (and if required by the RWP), a decontamination pad may be set up alongside the landfill and used for heavy equipment
decontamination. Smaller equipment may also be decontaminated in this location or in leak-proof containers. All decontamination fluids will be
collected and sampled for disposal following established waste management procedures.

After the subgrade material has been placed, heavy equipment will no longer require decontamination for the remainder of site work, and
radiological control procedures will be eliminated because there will be no further potential for contamination. The only radiological control
remaining in place will be the requirement for no intrusive activities at the site.

8.0 Emergency Response Plan
This section provides information regarding the action(s) to be taken by site personnel in the event of an emergency situation. Based on the
current activities at the MWL, the potential for a project emergency, such as encountering buried unexploded ordnance, is extremely unlikely. The

potential for other TA 3 operations to affect work at the MWL is possible, but also limited. This section provides important emergency information,
including lines of communication, to ensure site personnel are prepared to deal with an on-site emergency or off-site evacuation.
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8.1 Communication and Muster Points

Direct voice communication and/or two-way radios will be the primary means for communication on-site. Because more than one crew may be
working on site at the same time, each crew will carry a site radio or cell phone if crews are not working in the same general area. A designated
member of the work crew (typically the SSO, site supervisor, or designee) will carry and monitor the radio or cell phone. More than one work crew
may be covered by one radio or cell phone if they are all working in the same general area and have coordinated ahead of time to notify each other
in case of an emergency situation. This will be documented through the tailgate safety briefing in the morning before the field work begins.

Site emergencies will be communicated either directly (person to person) or through the site radios or cell phones. An off-site emergency within TA
3/5 that requires the notification and/or evacuation of MWL site personnel will be communicated via two-way radios from the SNL/NM Incident
Command (two-way IC radios) and/or Sandia alpha-numeric pagers. Because MWL personnel may not be in the site trailers at all times during the
day, the two-way IC radio or cell phone/Sandia pager will provide a back-up means to ensure MWL personnel are notified of a TA 3/5 emergency
situation (off-site emergency). At least one, on-site, MWL representative will carry and monitor the two-way IC radio or wear the Sandia pager and
carry a cell phone. The person(s) carrying the two-way IC radio or cell phone/Sandia pager will be identified in the daily tailgate safety briefings
and be responsible for notifying the other MWL site personnel in the event of an off-site emergency.

In the event of an off-site or on-site emergency situation, the MWL TL(s) will be notified immediately. The MWL TLs, if available, or designee, will
be responsible for communicating with other SNL/NM organizations/personnel. In the event of an emergency that requires the evacuation of the
immediate area, personnel will muster at the MWL muster points (Figure D-3).

If an evacuation of TA 3 is required, all MWL site personnel will proceed directly to the Kirtland Air Force Base Golf Course parking lot and wait
there until further information is available, or as directed by the SSO, TL(s), or designee.

Specific roles and responsibilities to be carried out by site personnel will depend on the nature of the incident. Site workers will carry out the
various initial response actions, including notifying everyone in the immediate vicinity of the emergency situation and associated hazards.

Communications during site emergencies will occur in the following sequence:
1. On-site personnel will be notified first via direct voice communication, supplemented if necessary by two-way radio or cell phone communication,
to ensure all on-site MWL personnel are aware of the situation. If more practical given the circumstances, two blasts on a vehicle or hand-held

horn will be repeated to sound the initial warning. If someone is injured, site workers will check scene for hazards and notify the closest,
properly-trained First Aid/CPR responder. If imminent danger exists, proceed directly to step 4 and then proceed with the following steps.
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2. If possible based upon the situation, notify the MWL TL(s) immediately, who in turn will notify the 6147 Department Manager. The TL(s) and/or
S80(s) will determine appropriate initial responses, including selecting a muster point if appropriate (Figure D-3). As per Section 3.2, if a buried
utility is encountered, notify the non-emergency hotline immediately and stop intrusive work in the area.

3. Activate the SNL/NM Incident Command by phone, two-way IC radio, or cellular phone.

4. Use tailgate safety briefing forms or site entry logs and the buddy system at the muster point to account for all site workers.

MEDICAL EMERGENCY

In case of a medical emergency/injury, the SSO (or nearest site worker) will survey the scene and ensure that it is safe to enter and render
assistance. If emergency medical attention is needed the SSO will immediately activate or have someone else activate the SNL/NM Emergency
Response by calling 911 on a land line or 844-0911 by cell phone, or by using the two-way IC radio. The SSO or the nearest trained site worker
will then provide CPR and/or emergency first aid as necessary. If the situation is not a medical emergency, the injured individual(s) should be
transported to the Sandia Medical Clinic or Lovelace Medical Center for non-business hours, as appropriate. Lovelace Medical Center will typically
be used by contractors for minor injuries and non-emergency medical conditions. The evacuation routes to Sandia Medical Clinic and the
Lovelace Medical Center are shown in Figure D-4.

Medical Clinic Information

SNL Medical Clinic Address: Building 831, corner of F & 7th Streets, KAFB, NM SNL Medical Clinic: 845-
Route to SNL Medical Clinic: Exit east from TA-3 to Pennsylvania (Lovelace Rd.), then left (northwest) to Wyoming, then | 8692 (reception)
right (north) to F Street, east on F Street to 7th Street 845-8159 (Dr. McCarthy)

[Used during normal business hours of 0700-1700]

Lovelace Hospital Address: 5400 Gibson Bivd. SE. Lovelace Phone:
Route to Lovelace Hospital: Exit east from TA 3 to Pennsylvania Ave, go left (northwest) to Wyoming, go right (north) to 262_'7:‘)0 ("(‘ja'"
Gibson, go left (west) to Emergency Entrance, 5400 Gibson Blvd. See Figure D-4 for map to Lovelace. switchboard)

. . 262-7222 Emergenc
[Used only during non-regular business hours] Room geney
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8.2 Emergency Contact Information

Emergency contact information provided below for the MWL Project.

EMERGENCY CONTACTS

NAME/ORGANIZATION
NUMBER

PHONE

24-Hour Emergency Line

Incident Command System/3137

911 (base) / 844-0911 (cell)

Non-Emergency Hotline

Incident Command System/3137

311 (base) / 844-6515 (cell or base)

(Gibson)

Sandia Medical Clinic Staff 911 (base) / 844-0911 or 844-0081 (cell or
base)
Lovelace Medical Staff Emergency Room: 262-7222 (cell) or

7-262-7222 (base)

Department Manager

Dick Fate / 6147

284-2568 (office)

Project Task Leaders

Jerry Peace /6116
Don Schofield / 6141

284-2472 (office)
844-4088 (office) / 259-7098 (cell)

Assistant Task Leaders

Mike Mitchell / 6141

284-6757 (office) 250-7224 (cell)

Tim Goering / 6147 284-2563 (office)

Joe Fritts / 6146 845-8703 (office) / 681-8016 (cell)
Fire Department KAFB 911 (base) / 844-0911 (cell)
KAFB EOD Staff 846-2229

Radiation Protection Operations

To Be Determined

To Be Determined

Industrial Hygiene Michael Oborny / 6328 845-8040
Safety Engineering Michael Oborny / 6328 845-8040
6100 ES&H Coordinator Johnny Ethridge / 6140 845-9295
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9.0 References for Key MWL Project Documents
The following project documents contain information that is relevant to the task work described and covered by this HASP.

Peace, J.L. and T.J. Goering, January 2005. "Calculation Set for Design and Optimization of Vegetative Soil Covers, Sandla National
Laboratories, Albuquerque, New Mexico”, Sandia National Laboratories Report SAND2005-0480.

Peace, J.L. and T.J. Goering, March 2004. "Mixed Waste Landfill Corrective Measures Study Final Report, Sandia National
Laboratories, Albuquerque, New Mexico", Sandia National Laboratories Report SAND2004-0627.

Peace, J.L, T.J. Goering, M.D. McVey, and D.J. Borns, May 2003. “Deployment of an Alternative Cover and Final Closure of the Mixed
Waste Landfill, Sandia National Laboratories, Albuquerque, New Mexico,” SAND Report SAND2003-0836.

Peace, J.L., Goering, T.J. and M.D. McVey, September 2002. "Report of the Mixed Waste Landfill Phase 2 RCRA Facility
Investigation, Sandia National Laboratories, Albuquerque, New Mexico", Sandia National Laboratories Report SAND2002-2997.

Sandia National Laboratories/New Mexico (SNL/NM), July 2005. "Mixed Waste Landfill Voluntary Corrective Measures Work Plan,

Sandia National Laboratories/New Mexico", prepared at Sandia National Laboratories by J. Peace and T. Goering for the US
Department of Energy, Albuquerque, New Mexico.
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10.0 Compliance Agreement

All site workers will be required to review and comply with the information contained in this HASP. This will be documented by the site workers
signing the compliance agreement form on the following pages. The signed agreement will be maintained on site.

HEALTH AND SAFETY PLAN ACKNOWLEDGMENT:
| have read, understand, and agree to abide by the provisions detailed in this Site Health and Safety Plan. Failure to comply with these

provisions may lead to disciplinary action and my dismissal from the site.

Printed Name

Signature

Organization/Company

Date

AL/10-05/WP/SNLO05:r5729-d.doc
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HEALTH AND SAFETY PLAN ACKNOWLEDGMENT (continued):

| have read, understand, and agree to abide by the provisions detailed in this Site Health and Safety Plan. Failure to comply with these
provisions may lead to disciplinary action and my dismissal from the site.

Printed Name Signature Organization/Company Date
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HEALTH AND SAFETY PLAN ACKNOWLEDGMENT (continued):

| have read, understand, and agree to abide by the provisions detailed in this Site Health and Safety Plan. Failure to comply with these
provisions may lead to disciplinary action and my dismissal from the site.

Printed Name Signature Organization/Company Date

AL/10-05/WP/SNLO5:r5729-d.doc D-18 840857.04.24 10/27/05 4:22 PM



SITE HEALTH AND SAFETY PLAN

Environmental Restoration Project Mixed Waste Landfill

Sandia National Laboratories, Albuquerque

AL/10-05/WP/SNL05:r5729-d.doc

Attachment D1

Task Hazard Analyses
For:
Vegetative Cover Installation Activities
Waste Management Activities
Mobilization, Demobilization and Site Closure Activities

D-19

840857.04.24 10/27/05 4:22 PM



SITE HEALTH AND SAFETY PLAN Sandia National Laboratories, Albuquerque
Environmental Restoration Project Mixed Waste Landfill

TASK HAZARD ANALYSIS
Task — MWL Vegetative Cover Installation

Description —

A vegetative cover with a rock bio-intrusion barrier will be installed on the Mixed Waste Landfill (MWL). The cover will be placed over
the original 2.6-acre landfill surface and will consist of three feet of compacted native soil, overlying a rock bio-intrusion layer. A
vegetated topsoil layer admixed with 25 percent 3/8-in. crushed gravel will be applied to maintain water balance and mitigate water and
wind erosion.

Tasks associated with MWL Vegetative Cover Installation activities include:

» Remove perimeter fences and install temporary operational boundary using T-posts and rope.

» Clear and grub existing landfill surface. Grubbing is not to exceed 6 in. in depth. Grubbed materials will be stockpiled onsite
and used as muich or rip-rap where needed.

Compact landfill surface to prepare for subgrade fill.

Place and compact subgrade fill (from TA-3 soil stockpiles).

Place rock bio-intrusion barrier.

Place and compact native soil layer fill (from TA-3 soil stockpiles).

Place and minimally-compact topsoil layer.

Seed the cover, lay-down area, borrow areas, and other disturbed areas with a native seed mix. The surface will be drill-
seeded, mulched and crimped.

Additional tasks to be conducted include:

» Mechanical screening of fill material

* Surveying

= Equipment decontamination (if required by the RWP) and cleaning

» Clearing, grubbing, minor cut and fill, contouring, scarifying, and harrow work. Shallow excavation (<3 feet) will be conducted at
the TA-3 borrow area west of the CAMU.

» Road maintenance and dust control
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» QA/QC sampling
* Moisture and density verification measurements using a CPN MC-3 Portaprobe

Equipment Required:

o Heavy Equipment- excavator, four yard loader, dozer (D-6 or equivalent), dozer (JD 650 or equivalent) grader, soil compactor, 60-ft
boom lift, high reach fork lift

Mechanical screen (ScreenAll)

Vehicles-14-yard dump truck, water truck (2000 and 4000 gallon), water wagon, pick-ups

Hand Tools-shovels, picks, etc.

GPS and survey equipment

CPN MC-3 Portaprobe

Safety Equipment

Level of Protection: Level D PPE will be appropriate for all cover installation activities (see Section 4.0 for discussion of PPE). The
task-specific SSO is responsible for evaluating the PPE requirements and can make appropriate changes based upon actual site
conditions and/or information obtained during task work. The SSO for the cover installation tasks will determine if hard hats are
necessary based upon whether or not an overhead hazard exists. Equipment operators working in closed cabs do not need to wear
safety glasses or hardhats.
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MWL Vegetative Cover Installation - Potential Hazards and Controls

Potential Hazard

Hazard
Rating

fAC‘ontroI

General Approach to Work Hazards

Not Applicable

Maintain worker awareness and coordinate task-specific work regime through
tailgate safety briefings. Use buddy system and team approach to keep
workers watching out for each other.

Chemical

o Direct contact with chemically-
contaminated soil and debris

Not Applicable

Chemical contamination of MWL surface soils is not significant, and will not
be an issue. Only clean soil and rock will be used for MWL cover
construction.

Physical

Cover construction

Heavy Equipment
Excavation Activities-Utilities
Mechanical screening

Tools

Worker fatigue

Heat and Cold stress

Slip, Trip and Fall

Heavy Lifting

Medium

The construction area will be controlled, and these controls will be maintained
until cover installation are completed. Only qualified operators will operate
heavy equipment, which will be equipped with backup alarms. Heavy
equipment will be inspected daily when used. The humber of workers in the
work area will be minimized when heavy equipment is operating. Any
excavation activities will follow OSHA requirements for sloping, as
appropriate. An SNL/NM excavation permit will be required for the TA-3
borrow area. The permit requirements and reporting protocol will be reviewed
with workers. The mechanical screen will be located downwind of personnel
and water will be used for dust control. If dust control measures are not
adequate, screening will be stopped. All tools will be inspected prior to use.
A work/rest plan will be implemented as appropriate by the SSO. Workers will
dress appropriately for the weather conditions and heat/cold stress warning
signs and hazards will be reviewed. Shaded rest areas and sheltered, heated
rest areas will be provided. Frequent water/hydration breaks will be
implemented. Workers will watch for and eliminate (where possible) slip, trip
and fall hazards. Safe lifting procedures will be reviewed with workers and
mechanical aids used whenever feasible.
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Potential Hazard Haz_a rd Control
Rating : ‘
Radiological Low The MWL is a Soil Contamination Area (SCA). Site workers will be required
to read and sign the RWP prior to performing work in the SCA. Dust
¢ Ingestion or inhalation of suppression techniques will be used to minimize the generation of dust during
radiologically-contaminated soil construction. These include limited spraying of soils with water or the use of
and dust soil fixatives. Work areas that have the potential for generating dust will
require dust suppression.
Explosive Not Applicable | No explosive hazards anticipated.
Biological Low Work areas will be kept clean and places of refuge for biological hazards
* Snakes, Rodents, Insects eliminated where possible. Worker awareness will be maintained through
tailgate safety briefings.

TASK HAZARD ANALYSIS
Task — MWL Vegetative Cover Installation (Concluded)

Potential Off-Site Impacts:

1. Increased traffic — Considerable vehicle and heavy equipment traffic related to cover construction will occur within the site
operational boundary. However, subgrade and native soil layer fill from the TA-3 soil stockpiles will be trucked to the MWL from
the soil stockpiles and borrow area, located approximately 1 mile south of the MWL. Increased localized traffic in TA-3 is
anticipated during the four month construction period for the cover. Suggested truck routes from the soil stockpiles to the MWL are
shown in Figure D-5. Additional traffic will also be generated during the trucking of rock from an offsite source to the MWL for the
bio-intrusion layer. Traffic impacts on KAFB as a whole are expected to be minimal, however. If necessary, local traffic near the
MWL will be re-directed.

2. Increased noise — no significant off-site impact anticipated.

3. Utility outages - no off-site impact anticipated.

4. Dust - suppress dust with limited water as necessary, or with soil fixatives, if appropriate. Use magnesium chloride/water mixture as

appropriate to maintain soil stockpiles and local road surfaces. The decision to apply magnesium chloride will be made by the site
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manager or the SSO. Mechanical screening will be terminated at the request of the SSO if dust suppression techniques are not
adequate to prevent offsite dust releases due to wind that adversely impacts on-site or off-site personnel.

5. Fire - Task Leader, SSO, or designee will communicate with local facility Points of Contact and initiate emergency response plan if
necessary.

TASK HAZARD ANALYSIS
Task — Waste Management

Description —

Minimal waste will be generated by the MWL cover construction project. Waste generated will likely be limited to small quantities of
miscellaneous operational wastes. Although the MWL is an SCA, the generation of radiological waste should be minimal. Organic
debris removed during clearing and grubbing the landfill surface will be utilized onsite as mulch during the seeding operation. Similarly,
rocks removed during clearing and grubbing and concrete waste generated during fence removal will be utilized onsite in the rock bio-
intrusion barrier, or as rip rap for the cover.

Waste management tasks include

* Waste characterization sampling
» Waste packaging, labeling, inspections, and other miscellaneous waste management tasks

Heavy equipment and light vehicles may be used when necessary to move waste containers and waste materials. Radiological
release surveys may be required for items, equipment, containers, etc. before leaving the SCA. RWP # 2562 and subsequent
revisions will be followed for all work in the SCA. The task-specific SSO for any waste management activities conducted in the SCA
will be responsible for reviewing the RWP with site workers and coordinating with Radiation Protection, as appropriate, to ensure
compliance with the RWP and this HASP.

Equipment Required:
¢ Heavy Equipment-backhoe, forklift, front loader
e Vehicles- pick-ups. '
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Hand Tools-shovels, picks, hammers, screwdrivers, etc...
Power Tools-drill, saws, air-tools, etc...

Rigging-slings, chokers, barrel lifters, chains, shackles, hooks
Safety Equipment- radiation monitors as per RWP
Polyethylene sheeting

Level of Protection: Level D is required for waste management tasks. See Section 4.0 for discussion of PPE.

Waste Management - Potential Hazards and Controls

ial I Hazard —
Potential Hazard Rating Control

General Approach to Work Hazards Not Applicable Maintakin worker awareness énd coordinate task-specific work regime through
tailgate safety briefings. Use buddy system and team approach to keep
workers watching out for each other.

Chemical Not Applicable | No contact with chemical contamination is anticipated during MWL cover
¢ No hazards anticipated construction.
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Potential Hazard :az_ard ~ Control
lating -

Physical Medium Only qualified operators will operate heavy equipment, which will be equipped
e Heavy Equipment with backup alarms. Heavy equipment will be inspected daily when used. The
» Motor vehicle use for transport number of workers in the work area will be minimized when heavy equipment
e Tools is operating. Site workers using motor vehicles will have a current driver's
e Worker fatigue licenses and obey all traffic laws. All tools will be inspected prior to use. A
e Heavy lifting work/rest plan will be implemented as appropriate by the task-specific SSO.

e Heat and Cold Stress Safe lifting procedures will be reviewed with workers and mechanical aids
« Slip, Trip and Fall used whenever feasible for heavy lifting. Workers will dress appropriately for
’ the weather conditions and heat and cold stress warning signs and hazards
will be reviewed. Shaded rest areas and sheltered, heated rest areas will be
provided. Frequent water/hydration breaks will be implemented. Workers will
watch for and eliminate (where possible) slip, trip and fall hazards.

Radiological Low The MWL is a soil contamination area (SCA). MWL soils are contaminated

e Handling potentially contaminated with tritium and plutonium. SCA controls will be maintained within the MWL
soil/debris perimeter until the subgrade layer has been placed. Waste management
tasks have a low potential radiological hazard rating, and will be conducted in
accordance with the RWP.

Explosive Not applicable | No explosive hazards anticipated.

Biological Low Areas will be kept clean and places of refuge for biological hazards eliminated

¢ Snakes, Rodents, Insects

where possible. Worker awareness will be maintained through tailgate safety
briefings.

Potential Off-Site Impacts:
No offsite impacts anticipated.

AL/10-05/WP/SNL05:r5729-d.doc

D-26 840857.04.24 10/27/05 4:22 PM




SITE HEALTH AND SAFETY PLAN Sandia National Laboratories, Albuquerque
Environmental Restoration Project Mixed Waste Landfill

TASK HAZARD ANALYSIS
Task — Mobilization, Demobilization, and Site Closure Activities

Description — This task covers numerous activities that are related to mobilization, demobilization, and site closure activities. Site
closure activities include permanently closing down site restoration operations at the MWL and the associated temporary infrastructure.
The following list summarizes the main types of activities covered under this task.

Fence removal and installation

Removal of temporary structures, including site trailers

Removal of temporary utilities (if applicable)

Redistribution of SNL/NM owned equipment and material

Miscellaneous site clean up activities

Loading and unloading, movement of equipment, supplies, and waste materials
Preparing equipment and supplies for transport off-site

Surveys

These activities will be conducted in a phased manner, as personnel and resources allow. Also covered under this task will be any
welding or hot work required as part of remaining MWL task work (see Section 3.4). A final survey is planned after completion of cover
installation. After completion of the site closure activities the site will be in its end-state condition.

Equipment Required:

. Heavy Equipment — forklift, front-end loader, track-hoe, backhoe, small front-end loader
o Hand Tools — hammers, shovels, sledge hammer, etc.

. Power Tools — electric drill, circular saw, etc.

¢ Rigging-slings, chokers, barrel lifters, chains, shackles, hooks

o Welding/hot work equipment (Section 3.4)

o Vehicles — pick-up trucks, dump truck, semi-trucks

o Safety Equipment
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Level of Protection:. Level D PPE should cover all demobilization activities (see Section 4.0 for discussion of PPE). The task-specific
SSO and the assigned rad technician are responsible for evaluating the PPE requirements and can make appropriate changes based
on the specific demobilization task work being performed. Hot work may require additional PPE, which will be determined by the task-
specific SSO and consistent with the SNL/NM Hot Work Permit (Section 3.4).

Mobilization, Demobilization, and Site Closure Activities - Potential Hazards and Controls

. Hazard A
Potential Hazard Ratin - Control ‘

General Approach to Work Hazards | Not Applicable | Maintain worker awareness and coordinate task-specific work regime through
tailgate safety briefings. Use buddy system and team approach to keep
workers watching out for each other.

Chemical Not Applicable | No intrusive work in contaminated areas.
Physical Medium Heavy equipment will be inspected daily when used. Only qualified operators
will operate heavy equipment, which will be equipped with backup alarms. The

» Heavy equipment number of workers in the work area will be minimized when heavy equipment is
 Motor vehicle use for transport operating. If a crane is needed it will be obtained, along with a SNL/NM
e Electrical qualified operator, through SNL/NM Facilities. Site workers using motor
e Tools vehicles will have a current drivers license and obey all traffic laws. Qualified
e Hot work electricians perform electrical work. Lock out tag out procedures will be
e Heat and cold stress followed where applicable. An SNL/NM excavation permit covering the entire

MWL area has been obtained. The permit requirements and reporting protocol
will be reviewed with workers who are involved with any type of intrusive
activities. All tools will be inspected prior to use. A hot work permit will be
obtained from SNL/NM Facilities prior to conducting hot work. Proper
precautions, including fire prevention, will be followed as per the permit.
Workers will dress appropriately for the weather conditions and heat/cold
stress warning signs and hazards will be reviewed. Shaded rest areas and
sheltered, heated rest areas will be provided. Frequent water/hydration breaks
will be implemented. Workers will watch for and eliminate (where possible)

e Slips, trips, and falls
¢ Heavy lifting
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. Hazard B
Potential Hazard Rating | Control

slip, trip and fall hazards, as part of a “good house-keeping” approach. Safe
lifting procedures will be reviewed with workers and mechanical aids used
whenever feasible for heavy lifting.

Radiological Low The MWL is an SCA. Soils are contaminated with tritium and localized
plutonium. SCA controls will be maintained within the MWL perimeter until the
subgrade layer has been placed. Mobilization, demobilization, and site closure
tasks have a low potential radiological hazard rating, and will be conducted in
accordance with the RWP.

Explosive Not Applicable | No explosive hazards anticipated.
Biological Low Areas will be kept clean and places of refuge for biological hazards eliminated
¢ Snakes, Rodents, and Insects where possible. Worker awareness will be maintained through tailgate safety
briefings.

Potential Off-Site Impacts:
No off-site impacts anticipated.
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Sandia National Laboratories
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Abstract

A probabilistic performance assessment has been conducted to evaluate the fate and transport of
radionuclides (amercium-241, cesium-137, cobalt-60, plutonium-238, plutonium-239,
radium-226, radon-222, strontium-90, thorium-232, tritium, uranium-238), heavy metals (lead
and cadmium), and volatile organic compounds (VOCs) at the Mixed Waste Landfill (MWL).
Probabilistic analyses were performed to quantify uncertainties inherent in the system and
models for a 1,000-year period, and sensitivity analyses were performed to identify parameters
and processes that were most important to the simulated performance metrics. Comparisons
between simulated results and measured values at the MWL were made to gain confidence in the
models and perform calibrations when data were available. In addition, long-term monitoring
requirements and triggers were recommended based on the results of the quantified uncertainty
and sensitivity analyses.

At least one-hundred realizations were simulated for each scenario defined in the performance
assessment. Conservative values and assumptions were used to define values and distributions
of uncertain input parameters when site data were not available. Results showed that exposure to
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tritium via the air pathway exceeded the regulatory metric of 10 millirem/year in about 2 percent
of the simulated realizations when the receptor was located at the MWL (continuously exposed
to the air directly above the MWL). Simulations showed that peak radon gas fluxes exceeded the
design standard of 20 picocuries/square meter/second in about 3 percent of the realizations if up
to 1 percent of the containers of sealed radium-226 sources were assumed to completely degrade
in the future. If up to 100 percent of the containers of radium-226 sources were assumed to
completely degrade, 30 percent of the realizations yielded radon surface fluxes that exceeded the
design standard. For the groundwater pathway, none of the radionuclides or heavy metals (lead
and cadmium) were simulated to reach the groundwater during the 1,000-year evaluation period.
Tetrachloroethene (PCE ) was used as a proxy for other VOCs because of its mobility and
potential to exceed maximum contaminant levels in the groundwater relative to other VOCs.
Simulations showed that PCE reached the groundwater, but only 1 percent of the realizations
yielded aquifer concentrations that exceeded the regulatory metric of 5 micrograms/liter.

Based on these results, monitoring triggers have been proposed for the air, surface soil, vadose
zone, and groundwater at the MWL. Specific triggers include numerical thresholds for radon
concentrations in the air, tritium concentrations in surface soil, infiltration through the vadose
zone, and uranium and select VOC concentrations in groundwater. The proposed triggers are
based on U.S. Environmental Protection Agency and Department of Energy regulatory standards.
If a trigger is exceeded, then a trigger evaluation process will be initiated which will allow
sufficient data to be collected to assess trends and recommend corrective actions, if necessary.
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1. Introduction

1.1 Background and Objectives

The Corrective Measures Implementation (CMI) Plan for the Mixed Waste Landfill (MWL) at
Sandia National Laboratories/New Mexico (SNL/NM), is being submitted to the New Mexico
Environment Department (NMED). As part of the final order selecting a remedy for the MWL
(NMED May 2005), the NMED required that the CMI Plan include a comprehensive fate and
transport model to determine if contaminants will move from the MWL down through the vadose
zone to groundwater. In addition, the NMED required that the CMI Plan include triggers for
future action that identify and detail specific monitoring results that will require additional
testing or implementation of an additional or different remedy.

This report presents the probabilistic fate and transport models that were used to assess the
performance of the MWL. Relevant contaminants of concern at the site were included, and site-
specific models and parameters were used in a probabilistic analysis. Results of the analysis
were compared to regulatory performance metrics, and sensitivity analyses were performed to
determine the most important parameters and processes that impacted the variability of the
simulated performance metrics. Based on these simulations and results, appropriate triggers
were identified and defined to address long-term monitoring requirements at the site.

A period of 1,000 years was selected for the probabilistic analysis to be consistent with

U.S. Department of Energy (DOE) Order 435.1. DOE Order 435.1 requires that performance
assessments be conducted for low-level radioactive waste disposed after September 26, 1988,
and that performance objectives be evaluated for a 1,000-year period to determine potential risk
impacts to the public and environment. Although most of the MWL wastes were disposed of
prior to September 26, 1988, a 1,000-year period was nonetheless determined to be appropriate
for assessment of regulatory performance metrics.

1.2 Overview of the Mixed Waste Landfill

The MWL is located approximately 5 miles southeast of Albuquerque International Sunport and
4 miles south of SNL/NM’s central facilities (Figure E-1). The landfill is a fenced, 2.6-acre
area in the north-central portion of Technical Area (TA)-3. The mean elevation at the MWL is
5381 feet (ft).

The MWL was established in 1959 as a disposal area for low-level radioactive and mixed waste
that was generated at SNL/NM research facilities. Originally, the landfill was opened as the
“Area 3 Low-level Radioactive Dump,” when the low-level radioactive disposal area in TA-2
was closed in March 1959. The MWL accepted low-level radioactive waste and minor amounts
of mixed waste from March 1959 through December 1988. Approximately 100,000 cubic ft of
low-level radioactive waste containing approximately 6,300 curies (Ci) of activity was disposed
of at the landfill.
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Figure E-1 Location of the Mixed Waste Landfill Relative to Albuquerque, New Mexico, and Kirtland Air Force Base



1.2.1 Site Description

The MWL consists of two distinct disposal areas: the classified area, occupying 0.6 acres, and
the unclassified area, occupying 2.0 acres (Figure E-2). Low-level radioactive and mixed waste
has been disposed of in each area. Wastes in the classified area were buried in unlined, vertical
pits. Wastes in the unclassified area were buried in unlined, shallow trenches.

A Phase 1 Resource Conservation and Recovery Act (RCRA) facility investigation (RFI) was
conducted in 1989 and 1990 to determine if a release of RCRA contaminants had occurred at the
MWL and to begin characterizing the nature and extent of any such release. The Phase 1 facility
investigation indicated that tritium was the primary contaminant of concern. No organic
contaminants were identified. A Phase 2 RFI was initiated in 1992 to determine contaminant
source, define the nature and extent of contamination, identify potential contaminant transport
pathways, evaluate potential risks posed by the levels of contamination identified, and
recommend remedial action, if warranted, for the landfill.

The Phase 2 RFI incorporated the streamlining approach, combining data quality objectives and
the observational approach. Nonintrusive field activities were conducted first to facilitate the
efficiency and cost-effectiveness of intrusive field activities. Data collected during the Phase 2
RFI were evaluated using U.S. Environmental Protection Agency (EPA)-approved methods.
Initially, a constituent population was statistically compared to natural background. Any
constituent failing the statistical comparison was further analyzed for spatial distribution.
Constituents that failed the statistical comparison to background and showed a strong spatial
correlation were identified as potential contaminants of concern.

The Phase 2 RFI was completed in 1995. This investigation included surface radiological surveys;
ambient air sampling; soil sampling for background metals and radionuclides; soil sampling for
volatile organic compounds (VOCs), semivolatile organic compounds, target analyte list metals,
and radionuclides; nonintrusive geophysical surveys; passive and active soil gas sampling;
borehole drilling; installation of groundwater monitoring wells; groundwater sampling; vadose
zone tests; aquifer tests; and risk assessment. The Phase 2 RFI confirmed the findings of the
Phase 1 RFI.

1.2.2 Contaminants of Concern

Based on the results of the Phase 1 and Phase 2 RFls, tritium was found to be the primary
contaminant of concern that has been released from the MWL. An estimated 2400 Ci of tritium
were disposed of in the MWL. Tritium is extremely mobile when incorporated in water in liquid
and vapor form, moving easily through the vadose zone and into the atmosphere.

Tritium levels range from 1100 picocuries (pCi)/gram (g) in surface soils to 206 pCi/g in
subsurface soils in the classified area of the landfill. The highest tritium levels are found within
30 ft of the surface in soils adjacent to and directly below classified area disposal pits. At depths
greater than 30 ft below ground surface (bgs), tritium levels fall off rapidly to a few
picocuries/gram of soil.
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Figure E-2 Map of the Mixed Waste Landfill
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Tritium also occurs as a diffuse air emission from the landfill. Tritium emissions from the MWL
are diminishing with time due to its half-life of 12.3 years. Total tritium emissions to the
atmosphere were measured at 0.294 Ci/year (yr) in 1993 and at 0.090 Ci/yr in 2003 (Peace et al.
2002; Anderson February 2004).

An estimated 27,900 kilograms (kg) (9.3 Ci) of uranium-238 (depleted uranium) are present in
the MWL inventory. Based on the results from the Phase 1 and Phase 2 RFls, there is no
indication that uranium has been released from the MWL. However, because of the large
quantity of depleted uranium disposed of in the MWL, the fate and transport of uranium was
modeled in this study.

Other radionuclides present in the MWL inventory include cobalt-60, strontium-90, cesium-137,
plutonium-238 and -239, americium-241, radium-226, and thorium-232. The fate and transport
of these radionuclides was modeled, although there is no evidence that these radionuclides have
been released from the MWL.

There is an estimated 128,000 kg of lead disposed of within various pits and trenches in the
landfill. Most of the lead is in the form of shielding (i.e., lead bricks, casks, pigs, and shipping
canisters). Smaller lead items include containers commonly used to dispose of radioactive
sources. The lead containers were typically placed in concrete-filled A/N cans or 55-gallon
drums. Larger lead items include five massive stainless steel and lead casks disposed of in
Trench F, each weighing up to 40 tons. The fate and transport of lead was modeled, although
there is no evidence that lead has been released from the MWL.

Cadmium is not specifically listed in the MWL inventory. However, slightly-elevated cadmium
has been detected in five boreholes along the west side of the MWL to depths of up to at least
104 ft bgs. The cadmium concentrations in MWL soils range from nondetect to

1.97 milligrams (mg)/kg, approximately two times the NMED maximum background value of
0.9 mg/kg. The source of cadmium in MWL soils is unknown.

Cadmium has occasionally been detected in MWL groundwater at concentrations above the EPA
maximum contaminant level (MCL), although these detections are sporadic and unpredictable.
Because the cadmium detections above the MCL are inconsistent, it is believed that these
detections do not indicate contamination from the MWL. Nevertheless, cadmium is considered a
contaminant of concern, and the fate and transport of cadmium was modeled.

During the Phase 2 RFIs, low levels of VOCs were detected in soil gas samples obtained from
the landfill. The primary VOCs detected in soil gas at the MWL include tetrachloroethene
(PCE), trichloroethene (TCE), dichloro-difluoromethane, 1,1,1-trichloroethane,
trichlorofluoromethane, and 1,1,2-trichloro,1,2,2-trifluoroethane. Of these VOCs, PCE was
determined to have the highest potential to reach groundwater at concentrations near its MCL
(Klavetter 1995a). Other VOCs were either not as mobile or did not have sufficiently high initial
soil gas concentrations. For this reason, PCE is a contaminant of concern, and the fate and
transport of PCE was modeled. However, because the remaining VOC:s still have some potential
to contaminate groundwater, PCE was modeled in this study as a proxy for all of the VOCs.
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Radon gas generation from the landfill is based on the estimated 6 Ci of radium-226 in the MWL
inventory. Most of the radium-226 in the MWL is in the form of sealed sources. Emission of
radon gas from the MWL was investigated in 1997. No significant difference between the MWL
and the background measurements in terms of median, mean, and standard deviation was
observed (Haaker 1998). However, at the request of the NMED, radon was included in the
MWL fate and transport model.

In summary, the following list of actual and potential contaminants was included in the MWL
fate and transport model: tritium, americium-241, cesium-137, cobalt-60, plutonium-238
plutonium-239, radium-226, radon-222, strontium-90, thorium-232, uranium-238, lead,
cadmium, and PCE.
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2. Modeling Approach

2.1 Previous Modeling Studies

This section summarizes previous modeling studies conducted for the MWL. These studies
include fate and transport modeling studies conducted by Argonne National Laboratory (ANL),
Sandia, and WERC (Consortium for Environmental Education & Technology Development).
Cover performance modeling studies were conducted by Sandia in support of the MWL cover
design, and are summarized in this section as well.

2.1.1 Fate and Transport Modeling Studies

Previous fate and transport modeling studies conducted for the MWL include a study by ANL in
1995 as part of a preliminary human health risk assessment for the MWL, a subsequent study
conducted by Sandia in 1995 regarding the potential migration of radionuclides and organic
compounds from the MWL, a 1997 study to model the infiltration of reactor coolant water
discharged into an MWL trench in 1967; and a study conducted in 2001 by WERC of tritium
migration through the vadose zone beneath the MWL.

2111 Argonne National Laboratory Modeling Study

One of the earlier modeling studies on the MWL was conducted by Johnson et al. (1995) at
ANL. The ANL study used a “worst case” scenario approach in which they took conservative
values of parameters at different levels of model complexity to ascertain the probable fate and
transport of, as well as risk from, the contaminants. The study used a tiered approach for
modeling the fate and transport of contaminants, with increasing model complexity and more
justifiable simplifying assumptions.

The first-tier screen was a geometric approach in which tritium from the MWL was distributed
evenly throughout the vadose zone. This first-tier screening suggested that tritiated water from
the MWL could potentially reach groundwater, although the likelihood was considered small.

The second-tier analysis utilized a one-dimensional analytical solution for flow and transport in
the vadose zone, but did not include lateral dispersion, which would reduce concentrations of
tritium and the distance traveled by tritium from the landfill. This analysis showed that tritium
concentrations could exceed the EPA drinking water guideline of 20,000 pCi/liter (L) after

57 years if the underlying soils were fully saturated. However, because of the uncertainty of the
input parameters (particularly velocity, which was considered too high), the analysis over-
predicted tritium concentrations in subsurface soils.

The final tier utilized a three-dimensional numerical code, TRACR3D, which still is extensively
used for flow and transport calculations. This code is relatively complex, utilizing finite-element
solutions for both the saturated and unsaturated zones. Tritium was the primary contaminant
modeled because of its assumed higher mobility compared to other radionuclides and organic
contaminants. Conservative assumptions were used in the model, boundary conditions, and
hydrologic parameters to bound the probable extent and concentration of tritium. The model
predicted that 27 years after disposal, the maximum tritium contamination reaches 184 ft bgs
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with a maximum concentration of 2.8 x 10+6 pCi/L, significantly higher than measured field
values. After an additional 100 years, the tritium was predicted to have traveled to a depth of
230 ft bgs, with a maximum tritium concentration of 5,400 pCi/L. The ANL study concluded
that no detectable tritium concentrations would be likely to reach groundwater at the MWL.

The study also included screening calculations for aqueous-phase transport of PCE and TCE, and
predicted that these VOCs could reach the water table approximately 250 years from time of
disposal. No calculations were conducted for vapor-phase transport, which has proven to be the
most significant transport mechanism for organic compounds in the vadose zone at nearby
SNL/NM Environmental Restoration sites, including the Chemical Waste Landfill (CWL)
(SNL/NM December 2004).

21.1.2 Sandia Modeling of Radionuclide and Organic Compound Transport

A subsequent study was conducted by Sandia in August 1995 to simulate potential contaminant
flow and transport from the MWL. The study was conducted using the code Borehole
Optimization Support System (BOSS), originally developed to determine the optimum number
and location of boreholes and monitoring wells necessary to define the nature and extent of
contamination. Monte Carlo uncertainty analysis of flow and transport was used to simulate the
migration of radionuclides and organic compounds from the MWL. (Klavetter 1995a; Klavetter
1995D).

BOSS was first used to simulate the migration of radionuclides, including tritium, cesium-137,
and strontium-90 from the MWL, using more representative hydrologic property values than
were applied in the ANL study. The modeling study predicted that no detectable tritium would
reach groundwater at the MWL, and that detectable tritium would not migrate below a depth of
40 meters (m) (131 ft). These results are consistent with the actual tritium distribution data for
subsurface soils collected during the Phase 2 RFI. The model also predicted that no detectable
activity of cesium-137 and strontium-90 would migrate even 10 m below the MWL pits and
trenches.

The code BOSS was also used to simulate the vapor-phase and aqueous-phase transport of the
six VOCs detected in MWL soil gas (Section 1.2.2). The modeling results demonstrated that
aqueous-phase transport of organic contaminants from the MWL was not a significant transport
mechanism. The modeling results also demonstrated that vapor-phase transport of five of the
six organic compounds was not significant, due to the low concentrations of these contaminants
detected in the soil gas.

Concentrations of PCE detected in soil gas near the MWL surface were calculated to be high
enough to result in concentrations of sub-parts per billion (ppb) to a few ppb in groundwater
within 50 years. The model predicted that the lateral extent of PCE in the groundwater would

be limited, with PCE at concentrations greater than 1 ppb extending less than 130 m (426 ft)
downgradient of the MWL. The study recommended that further evaluation of the fate and
transport of PCE be considered, including a review of PCE concentrations in borehole soil
samples collected during the Phase 2 RFIl. PCE was detected at low concentrations in soil
samples from 2 of the 16 boreholes drilled during the Phase 2 RFI. PCE was detected in BH-3 at
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a maximum concentration of 2.45 J micrograms (ug)/kg, and in MW-4 at a maximum
concentration of 5.4 pug/kg (Peace et al. 2002).

2.1.1.3 Modeling Study of Reactor Coolant Water Infiltration

In 1997, a modeling study was conducted to simulate the infiltration of 271,500 gallons of
reactor coolant water from a trench at the MWL (Wolford 1997). The objective of the study was
to evaluate the potential migration of coolant water discharged into Trench D of the MWL in
May and June, 1967. The water originated from the Sandia Engineering Reactor Facility in
TA-5, and contained approximately 1 Ci of total radioactivity, primarily short-lived fission
products. Trench D was an active disposal trench at the time, and was believed to be the most
likely source for contaminant release and migration from the MWL.

The modeling study used the code VS2DT (Healy 1990), a finite difference unsaturated flow and
transport model developed by the U.S. Geological Survey (USGS). The modeling results
indicated that the reactor coolant water, and any tritium mobilized by the water, would not have
migrated beyond a depth of approximately 120 ft, based on a 30-year simulation. The modeling
results were consistent with Phase 2 RFI field measurements of tritium activities in subsurface
soils, which showed tritium detected to a maximum depth of 120 ft bgs.

The study also simulated the fate and transport of the coolant water and tritium for a period of
90 years into the future. The study predicted that the coolant water and any tritium in the water
would not migrate more than 5 to 10 ft below its current predicted depth of 120 ft. Due to
radioactive decay, tritium concentrations in the water were predicted to decrease at a faster rate
than the downward movement of the wetting front.

2114 WERC Modeling of Tritium Migration through the Vadose Zone

In January 2001, WERC was requested by the U.S. Congress to perform an independent peer
review of the performance of the MWL. The results of the study are presented in WERC (2001).

As part of this study, members of the WERC review team developed a fate and transport model
of tritium migration in the vadose zone beneath the MWL. The code GoldSim, a generalized
object-oriented probabilistic spreadsheet, was used to model tritium contaminant concentrations
and fluxes at various depths beneath the MWL over time. The model incorporated mass
transport from a source (inventory), various release mechanisms, transport processes, migration
pathways, and radionuclide decay.

The WERC team concluded that based on their model results, the spatial and temporal
distribution of tritium activities measured in the vadose zone appear to be consistent with those
expected, given the inventory, regional meteorology, subsurface soil conditions, and hydrologic
parameters. Their modeling results showed good agreement with the Phase 2 RFI data regarding
tritium distributions in subsurface soils beneath the MWL. The WERC team also concluded that
future concentrations of tritium in subsurface soils at the MWL should decrease over the next

10 years, based on diffusion and natural decay of tritium.
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2.1.2 Cover Performance Modeling

In addition to the fate and transport models discussed above, Sandia has conducted extensive
cover performance modeling to predict infiltration through various thicknesses of alternative
covers. The results from these studies were used to develop the MWL alternative cover design.

2121 Early Cover Performance Modeling

Sandia’s early cover performance modeling studies utilized multiple codes to assess infiltration
through various thicknesses of alternative covers. The codes used included the water balance
model, HELP-3 (Schroeder et al. 1994), and two unsaturated flow models, UNSAT-H (Fayer and
Jones 1990) and VS2DT (Healy 1990).

The earlier modeling studies are documented in Wolford (1998); SNL/NM (April 1999); and
culminate with the modeling results presented in the original MWL design document,
“Deployment of an Alternative Cover and Final Closure of the Mixed Waste Landfill, Sandia
National Laboratories, New Mexico” (SNL/NM September 1999). This report was submitted to
the NMED in September 1999 for technical review and comment, and was later published as a
SAND report by Peace et al. in 2003. The cover performance modeling results from the report
are also presented in Section 5.3 of the main text of the MWL CMI Plan.

In order to demonstrate that the MWL alternative cover design complies with regulatory
guidance, the hydrologic performance of the cover was modeled using HELP-3, UNSAT-H and
VS2DT. These codes were used to predict infiltration through soil covers ranging in thickness
from 1 to 5 ft. All three models demonstrated that deployment of a vegetated soil cover for final
closure of the MWL would reduce infiltration into the landfill to a small percentage of the total
precipitation. The models also demonstrated that a 3-ft-thick vegetated soil cover meets the
intent of RCRA Subtitle C regulations. Additional cover thicknesses did not lead to significantly
better performance. Additional details on the cover performance modeling using HELP-3,
UNSAT-H and VS2DT are presented in Section 5.3 of the MWL CMI Plan.

2122 Recent Cover Performance Modeling

The most recent cover performance modeling was conducted in 2003 and 2004 using site-specific
climate, hydrologic, and vegetation input parameters. The modeling simulated infiltration of
water through the MWL soil cover using the one-dimensional, numerical code UNSAT-H.
UNSAT-H is a Richards’ equation-based model that simulates infiltration, unsaturated flow,
redistribution, evaporation, plant transpiration, and deep infiltration of water. The modeling
results corroborated the results from earlier modeling studies. The recent modeling results are
published in the SAND report entitled, “Calculation Set for Design and Optimization of Vegetative
Soil Covers” (Peace and Goering 2005). The modeling results were used to determine infiltration
input parameters for the MWL probabilistic performance-assessment model.

One of the objectives of the modeling was to assess whether a 3-ft soil cover would meet the
EPA-prescribed technical equivalency criteria. The EPA performance-based, technical
equivalency criteria used are 31.5 millimeter (mm)/yr, or less, for net annual infiltration and

1 x 107 centimeter (cm)/second (s) average infiltration rate, based on a hydraulic conductivity of
1 x 107 cm/s and the assumption of unit-gradient conditions. The modeling results verified that
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the 3-ft MWL cover will meet the EPA-prescribed technical equivalency criteria for RCRA
landfills under both present and future conditions.

Present conditions were simulated by modeling infiltration through various thicknesses of an
engineered cover, while future conditions were simulated by modeling infiltration through
various thicknesses of soil under natural conditions (i.e., the “natural analog”). The recent cover
modeling results are discussed further in Section 3.4 below. Complete modeling input
parameters, boundary conditions, and results are presented in Peace and Goering (2005).

2.2 Probabilistic Performance-Assessment Modeling Approach

This section summarizes the approach used in this study to provide a comprehensive
performance assessment of the MWL. Previous studies have looked at individual components of
the landfill performance, and nearly all of the studies relied on deterministic evaluations. This
study describes a probabilistic performance-assessment approach that captures the inherent
uncertainties in the system while honoring site-specific features, processes, and parameters.
Sensitivity analyses are also introduced that utilize the probabilistic results to identify the
parameters and processes that are most important to the simulated performance metrics.

A performance assessment is defined in DOE M 435.1-1 as “an analysis of a radioactive waste
disposal facility conducted to demonstrate there is a reasonable expectation that performance
objectives established for the long-term protection of the public and the environment will not be
exceeded following closure of the facility.” In addition, DOE M 435.1-1 states that the method
used for the performance assessment must include uncertainty analyses. A method that
addresses these requirements has been used for the Waste Isolation Pilot Plant (DOE 1996), the
Yucca Mountain Project (DOE 1998), and the intermediate-depth Greater Confinement Disposal
Boreholes (Cochran et al. 2001) to assess the long-term performance of nuclear waste
repositories. Probabilistic performance assessments have also been used for sites with uranium
mill tailings (Ho et al., 2004). A similar systematic approach has been used here to conduct a
performance assessment of the MWL. The approach is outlined as follows:

e Develop and screen scenarios based on regulatory requirements (performance objectives) and
relevant features, events, and processes

e Develop models of relevant features, events, and processes
e Develop values and/or uncertainty distributions for input parameters
e Perform calculations and sensitivity/uncertainty analyses

e Compare results to performance objectives, identify important parameters and processes, and
provide feedback to improve calculations, as needed

In Step 1, a scenario is identified as a well-defined sequence of features, events and processes
that describes possible future conditions at the disposal site. An example of a scenario is the
release of radionuclides from a landfill via the vadose zone to the aquifer, where water is
pumped from a well and ingested by an individual. The decision to evaluate various scenarios
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depends, in part, on relevant performance objectives set forth by regulatory requirements. In
addition, scenarios should be chosen that represent features, events, and processes that are
relevant to the specific site being evaluated.

Step 2 develops the models that are necessary to simulate the chosen scenarios in the
performance assessment. The models that are used vary in complexity, and a hierarchy of
models can exist. A conceptual model of each scenario is developed to guide the development of
more detailed mechanistic models of individual features, events, and processes that comprise the
scenario. These detailed models are then integrated into a total-system model of the entire
scenario. The integration of the more detailed models may include the models themselves or a
simplified abstraction of the model results.

In Step 3, values are assigned to the parameters to populate the models. If the parameter is well-
characterized, a single deterministic value may be assigned. However, uncertainty and/or
variability in the parameter may require the use of distributions (e.g., log-normal, uniform) to
define the values. Experimental data, literature sources, and professional judgment are often
used to determine these distributions. The development of uncertainty distributions for
parameters used in this study is described in Section 3.3.

In Step 4, calculations are performed using the integrated models. Because stochastic parameters
are used, a Monte Carlo approach is taken to create an ensemble of simulations that use different
combinations of the input parameters. For each run (realization), a value for each input
parameter is sampled from the uncertainty distribution, and the simulation is performed. The
results of each realization are equally probable, and the collection of simulation results yields an
uncertainty distribution that can be compared to performance objectives to assess the risk of
exceeding those performance objectives or metrics. Sensitivity analyses can also be performed
to determine which parameters the performance metrics are most sensitive to (Section 2.2.1).

The last step (Step 5) is to analyze and compare the results with relevant performance objectives.
The findings are typically documented as cumulative distribution functions that present the
probability of exceeding a performance objective. Important parameters and processes are also
identified through sensitivity analyses. Together, these results may be used to assess the overall
performance, prioritize site characterization, evaluate alternative designs, or identify triggers for
future actions to address long-term monitoring requirements for regulatory compliance. In this
study, the primary purpose of the performance assessment is to determine which contaminants
and performance objectives are at risk based on the simulated performance of the MWL. This
information will then provide a basis for the triggers that are identified and recommended for the
site.

221 Sensitivity Analyses

A probabilistic performance assessment provides not only a quantification of uncertainties in the
simulated performance metrics, it also allows for a quantified sensitivity analysis to be
performed. A sensitivity analysis of the probabilistic assessment results can provide valuable
information regarding the processes and parameters that are most important to the simulated
performance metric(s). This information provides understanding about the relationship between
uncertainty in individual input parameters and the uncertainty in the performance of the system.
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In addition, knowledge of the parameters having the greatest influence on future performance
can be used to help prioritize site characterization activities, to help optimize landfill cover
design, and to assist in the design of monitoring systems and triggers. Using a sensitivity
analysis provides the quantitative information necessary to ensure that resources are directed to
those aspects of the cover system that “drive” performance and not on those aspects of cover
design that have little significance.

The sensitivity of the performance-assessment model can be determined from the Monte Carlo
probabilistic realizations using regression analysis. Multiple regression analysis involves
construction of a linear regression model of the simulated output (the dependent variable) and the
stochastic input variables (independent variables) using a least-squares procedure. Stepwise
linear regression is a modified version of multiple regression that selectively adds input
parameters to the regression model in successive steps (Helton and Davis 2000). In this method,
a sequence of regression models is constructed that successively adds the most important input
parameters to the regression to improve the overall correlation. In the end, the sensitivity
analysis identifies those parameters that are significantly correlated to the performance metric,
and omits those parameters that are not. This study uses a stepwise linear rank regression to
perform sensitivity analyses on simulated performance metrics that are at risk of being exceeded.
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3. Performance-Assessment Modeling of the
Mixed Waste Landfill

3.1 Scenarios and Performance Objectives

In this study, relevant contaminants of concern were grouped into the following categories:

(1) radionuclides, (2) heavy metals, and (3) VOCs. Table E-1 summarizes the specific
contaminants, scenarios, and performance objectives that were considered in this study. In
general, the two pathways of concern include transport of volatile or gas-phase contaminants
from the MWL to the atmosphere, and migration of aqueous-phase or vapor-phase contaminants
through the vadose zone to the groundwater. For each of these primary pathways, relevant
performance objectives and metrics were identified for each of the contaminants of concern. The
chosen scenarios represent the most likely releases of contaminants from the MWL based on
estimated inventories, contaminant properties, and previous studies.

3.2 Performance-Assessment Models

The following sections describe the models that were developed and used to simulate the fate
and transport of the different contaminants in the various scenarios summarized in Table E-1.

3.2.1 FRAMES/MEPAS

The transport of heavy metals (lead and cadmium) and the radionuclides (except for radon) were
simulated using the probabilistic simulation tools FRAMES! (Framework for Risk Analysis in
Multimedia Environmental Systems, Whelan et al. 1997) and MEPAS? (Multimedia
Environmental Pollutant Assessment System, Whelan et al. 1992), developed by Pacific
Northwest National Laboratory. The FRAMES system, which integrates the fate and transport
models comprising MEPAS, allows for a holistic approach to modeling in which models of
different type (i.e., source, fate and transport, exposure, health impact), resolution (i.e.,
analytical, semi-analytical, and numerical), and operating platforms can be combined as part of
the overall assessment of contaminant fate and transport in the environment. The FRAMES
system employs a graphical user interface for integrating computer models, an extensive
contaminant database, a probabilistic sensitivity/uncertainty module, and textual and graphical
viewers for presenting modeling outputs.

Existing models in FRAMES include those derived from MEPAS (Whelan et al. 1992). MEPAS
is a physics-based environmental analysis code that integrates source-term, transport, and
exposure models for endpoints such as concentration, dose, or risk. MEPAS is capable of
computing contaminant fluxes for multiple routes, which include leaching to groundwater,
overland runoff, volatilization, suspension, radioactive decay, constituent degradation, and
source/sink terms. In this study, only the source-term and vadose-zone models were
implemented. The source-term model conservatively simulates leaching from the waste zone
(assuming no containment) based on either the solubility or the inventory-limited concentration

L http://mepas.pnl.gov/FRAMESV1
2 http://mepas.pnl.gov/earth/mepasmain.html
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Table E-1

Summary of Scenarios and Performance Objectives Used in the Performance
Assessment of the MWL

Scenario Description Performance Objectives?
. 7 o
Water percolates through the . Inflltr.atlon thrqugh the cover shall bg Igss t.han 10 cm/; (a unit
1 cover to the waste gradient flow is assumed to equate infiltration to hydraulic
conductivity) (EPA 40 CFR 264.301)
" ) ¢ Dose to the public via the air pathway shall be less than 10
Tritium diffuses to the _ mrem/yr (excludes radon) (EPA 40 CFR 61.92)
atmosphere and migrates via . .
¢ Dose from beta particles and photon emitters shall be less than 4
2 gas and aqueous phases mrem/yr (EPA 40 CFR 141.66, EPA 2003)
through the vadose zone to - y ) o
the groundwater o Tritium concentrations in groundwater shall not exceed 20,000
pCi/L (40 CFR 141.66 Table A; tied to 4 mrem/yr)
Radon steadily diffuses to the | e The average flux of radon-222 gas shall be less than 20 pCi/m?2/s
atmosphere and migrates via at the surface of the landfill (EPA 40 CFR 192)
3 gas and agueous phases e Radon concentrations in groundwater shall not exceed 300 pCi/L
through the vadose zone to (proposed EPA rules, Federal Register: November 2, 1999
the groundwater (Volume 64, Number 211) Pages 59345-59378)
¢ Maximum concentrations in groundwater of gross alpha particle
) ) activity (including radium-226 but excluding radon and uranium)
One or mQrehradlonUC“deSh is 15 pCi/L (EPA 40 CFR 141.66, EPA 2003)
4 m:,%ri;ﬁ \t/kllaetvae dz(;léezoounseptoase o Uranium concentrations in groundwater shall not exceed EPA
the groundwater MCL of 30 pg/L (EPA 40 CFR 141.66, EPA 2003)
e Dose from beta particles and photon emitters shall be less than
4 mrem/yr (EPA 40 CFR 141.66, EPA 2003)
Lead and cadmium migrate via | ® Lead concentrations in groundwater shall not exceed the EPA
5 the aqueous phase through action level of 15 pg/L (EPA 2003)
the vadose zone to the ¢ Cadmium concentrations in groundwater shall not exceed the
groundwater EPA MCL of 5 pg/L (EPA 2003)
PCE migrates through the o PCE concentrations in groundwater shall not exceed the EPA
6 vadose zone to the

groundwater

MCL of 5 ug/L (EPA 40 CFR 141.61, EPA 2003)

aThe point of compliance is taken at the boundary of the waste site. The period of performance was specified as
1,000 years in the regulations for some of the performance metrics, but for many of the performance metrics, the
period of performance was not specified. In this study, a 1,000-year period was simulated.

CFR
cm/s
EPA
MCL

o/l

= Code of Federal Regulations.
= Centimeter(s) per second.

= U.S. Environmental Protection Agency.
= Maximum Contaminant Level.
= Microgram(s) per liter.

mrem/yr = Millirem per year.

MWL
PCE
pCi/L

= Mixed Waste Landfill.
= Tetrachloroethene.
= Picocurie(s) per liter.

pCi/m2/s = Picocurie(s) per square meter per second.
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(Streile et al. 1996). The transport of the contaminant through the vadose-zone is then simulated
assuming liquid-phase advection, dispersion, adsorption, and decay of the contaminant (Whelan
et al. 1996). In this study, the aquifer concentration and subsequent dose, if applicable, were
conservatively estimated based on the simulated concentration of the constituent in the
groundwater at the interface of the vadose-zone and the water table (e.g., dilution caused by
transport in the saturated zone was ignored). Section 3.3 presents the input parameters that were
used in the radionuclide-transport models.

Uncertainty analyses are performed in FRAMES using the sensitivity module. The sensitivity
module can be attached to any model that has been integrated into FRAMES and allows the user
to stochastically vary any input parameter that is identified in the process models. Input
parameters can be stochastically varied by a distribution, correlation coefficient, an equation, or
any combination of these three options. Four distributions are currently available: (1) uniform,
(2) log uniform, (3) normal, and (4) log normal. The sensitivity module utilizes the Latin
Hypercube Sampling (Wyss and Jorgensen 1998) technique to minimize the number of modeling
runs that must be performed to accurately represent distributions selected by the user. In this
study, 100 realizations were simulated for each scenario (a sensitivity analysis was performed
using 100 versus 200 realizations in Section 3.5.2.2, and results showed that 100 realizations
were sufficient to adequately represent the distribution of the simulated output).

3.2.2 Transient Gas- and Liquid-Phase Transport

A separate model was used to model the transient transport of tritium at the MWL. Tritium, in
the form of tritiated water, is volatile and can be transported via both the gas and liquid phases.
Regulatory metrics exist for dose caused by exposure to tritium (a beta particle emitter) in both
the air and groundwater pathways (Table E-1). Also, because the half-life of tritium is relatively
short (12.3 years), a transient analysis was required. Therefore, the transport of tritium was
modeled using a transient model that accounts for advective liquid-phase transport, diffusive gas-
phase transport, decay, and adsorption (if applicable) in the vadose zone (Jury et al. 1983;

Jury et al. 1990). This same model was also used to model the transport of PCE. In this model,
a contaminated zone is assumed to initially exist with a defined thickness and concentration.
Over time, the contaminant migrates and decays (if applicable) assuming a flux boundary
condition at the surface, defined by an atmospheric boundary layer thickness (Jury et al. 1983)
and a zero concentration boundary beneath the waste zone at a location infinitely far away from
the source. Superposition is used to account for a clean overburden (cover) above the waste zone
(Jury et al. 1990). The analytical solution to this model was implemented in Mathcad®, and a
Monte Carlo analysis was implemented with the uncertain variables using 100 realizations.
Section 3.3 presents the input parameters and distributions that were used in the tritium- and
PCE-transport models.

3.2.3 Steady-State Gas- and Liquid-Phase Transport

Radon-222 is generated from the decay of radium-226, which is a decay product of uranium-238.
Because these parent constituents have long half lives, the source of radon-222 production is
assumed to last indefinitely. Therefore, the transient model described in the previous section that
accounts for a finite source of contaminant is not appropriate. Instead, a steady-state model of
radon transport was developed to account for steady generation of radon-222, advective liquid-
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phase transport, diffusive gas-phase transport, and decay (Attachment E1). Mathcad® was used
to provide a Monte Carlo analysis of the analytical solution using 100 realizations. Section 3.3
presents the input parameters and distributions that were used in the radon-transport model.

3.3 Input Parameters and Distributions

The constituents that were included in the performance assessment of the MWL are summarized
in Table E-2. The parameter values and distributions that were used are also summarized in the
table. The adsorption coefficient (K4) was assumed to be an uncertain parameter, so a range of
values was obtained from the literature for the constituent and soil type (sandy loam) at the
MW.L. A log-uniform distribution was used to emphasize the lower values in the distribution.
The inventory of each constituent was also assumed to be an uncertain variable. The estimated
inventory from previous reports and studies was used as the lower bound in a uniform
distribution for each constituent. The lower bound was multiplied by two to obtain the upper
bound for the assumed uniform distribution. The maximum solubility obtained from the
literature for each constituent was used. All other parameters were obtained from site-specific
reports, scientific literature, or EPA recommendations.

Table E-3 summarizes the parameters and distributions used to define the contaminated waste
zone (source term) in the models. The waste-zone length, width, and thickness is based on the
size of the pits, trenches, and dimensions of the MWL. The maximum thickness of the cover is
based on the design specifications given in Peace et al. (2005). The minimum thickness of the
cover is set equal to zero as a bounding value to account for the possibility that complete erosion
of the cover may occur in the future. This is a conservative bounding assumption since the intent
IS to maintain the integrity of the cover at the MWL.

Table E-4 summarizes the parameters and distributions used to describe the vadose-zone in the
models. Uncertainty was included for a number of variables including thickness of the vadose
zone, infiltration rate, hydraulic conductivity, and site-specific transport parameters. The
distributions used for the various vadose-zone parameters were derived from site-specific data or
literature pertaining to the constituents and scenarios evaluated in this study. The liquid- and
gas-phase tortuosity coefficients are used to calculate effective diffusion coefficients in porous
media. The tortuosity coefficient accounts for the increased tortuosity and reduced area available
for diffusion in porous media. The minimum value is based on formulation by Millington
(1959), and the maximum value is assumed to be equal to one (the upper bound), which yields
the maximum diffusion. Studies of enhanced vapor diffusion have shown that large values of the
tortuosity coefficient (yielding diffusion rates equivalent to those in free space) are possible in
unsaturated porous media because of evaporation and condensation mechanisms across liquid
islands in pores (Ho and Webb 1998).

Finally, Table E-5 summarizes the parameters and distributions used to estimate dose due to
exposure via the atmospheric (e.g., inhalation) or groundwater pathway. Dose via inhalation and
dermal adsorption of gas-phase tritium was calculated based on the surface flux (pCi/m2/s) of
tritium determined in the models. The length and width of the waste zone was used to determine
the flux rate of tritium at the surface (pCi/s), and the average wind speed and vertical mixing
height was used to determine the average concentration above the landfill. The inhalation rate
was then used to estimate the human intake of gas-phase tritium, and the dose-
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Table E-2
Summary of Input Parameters and Distributions for Constituents Used in the Models

Constituent specific | Adsorption | Max | HTEEEISE | CREERESE | penrys | o DRSS
and Molecular Inventory? Half-LifeP Activity Coefficient, Kq | Solubility Coefficient Coefficient Constant Fact
Weight (Cilg)® (mLig)? mgiye | TOSHEen o | (CylC) actor
(m2/s)f (m2/s)f 9 (rem/pCi)
Americium-241% | 5{4”_”%: c 433 yr 3.43 %: 2.4 x 104 6 x 10710 N/A N/A 3.64 x10°©
Cesium-137" | o 30.2yr 86.4 LOGUMIOM™: | 137000 | 6x10%0 N/A N/A 5.0 x 10°8
Uniform: Log-Uniform:
_a0B =~ -10 -8
Cobalt-60 350027000 Ci 5.27 yr 1130 —9—60_1300 600 6 x 10 N/A N/A 2.69x 10
Uniform: Log-Uniform:
Plutonium-238° | 0.0012-0.0024 87.7 yr 17.1 —%m' 0.24 6 x 1010 N/A N/A 3.2 x 106
Ci
Uniform: Log-Uniform:
Plutonium-239* | 0.0012-0.0024 | 2.41 x 10* yr 0.0621 —gsm' 0.24 6x1010 N/A N/A 3.54 x 106
Ci
Radium-226° %1 1,600 yr 0.989 %‘-}%: 0.45 6 x 1010 N/A N/A 1.32x 106
Constant 2, o5
“ generation 5 0.07exp£—4(8 - 5¢°+ S)] 1 1.44 x 108
Radon-222 f 3.82 days 1.54x 10 0 N/A where S = liquid saturation, 0.26 . .
rom _ . (inhalation)
radium-226 ¢ = porosity
Strontium-90° 450”_'%6 29.1yr 137 "—091'[5{"%: 90,000 6 x 10710 N/A N/A 1.42 x 107
Thorium-232° % 1.4x100yr | 1.10x 107 "—029(%: 23 6 x 1010 N/A N/A 2.73x 106
6.4 x 1011
T . : (inhalation; x1.5
TrL'“f‘Sm ) 4(% - 123yr 9690 0 N/A 2.3x10° 2.6x10% | 1.7x105 to include
dermal
absorption)
Uranium-238° 9%:& 4.47x10%yr | 3.35x107 "—09(%: 24 6 x 1010 N/A N/A 2.55x 107
Cadmium Uniform: Log-Uniform: 5 10
112.41 13502700 kg stable N/A 8-80 1.4x10 6 x 10 N/A N/A N/A
Lead Uniform: Log-Uniform:
128,000— stable N/A LOA-LNIOM: | ) 435105 | 6x 1010 N/A N/A N/A
207.2 256,000 kg 270-4360

Refer to footnotes at end of table.




Table E-2 (Continued)
Summary of Input Parameters and Distributions for Constituents Used in the Models

0P 3-62.59:S0TINS/dM/SO-0T/ TV

. - . Liquid-Phase | Gas-Phase , Dose
Constituent Specific Adsorption Max Diffusion Diffusion Henry's Conversion
and Mqlecular Inventory? Half-LifebP Activity Coefficient, Kg | Solubility Coefficient Coefficient Constant Factor
Weight (Cilg)° (m L/g)d (mg/L)® (m2/s)f (mZ/S)f (Cglcl)g (rem/pCi)h
. Log-Uniform: .
PCE Uniform: — Log-Uniform: 10 6
165 83 5-70 kg 9 Tocigtcf N/A 0.038-2 N/A 9.2x10 9.5x10 0.42 N/A

8¢-4

Wd T¢:S S0/TE€/0T ¥2'¥0°LS80Y8

*Alpha particle; PBeta particle.

aMinimum inventory of all constituents except cadmium and PCE was estimated from values in SNL/NM (1993); maximum value was assumed to be twice the
minimum value. Cadmium inventory was estimated from measured soil concentrations (Peace et al. 2002) and maximum simulated penetration depth (120 ft) of
coolant water potentially carrying the cadmium (Wolford 1997). PCE inventory is estimated from measured soil-gas concentrations (Peace et al. 2002); the
maximum measured gas concentration (5,900 ppb) was used as a minimum value in a uniform distribution increasing to ten times this value (calibrated to available
data). The maximum areal extent of the MWL was used (430 x 300 ft) along with an uncertain thickness ranging from 10 to 27 ft (see Table E-3 for waste-zone
description).

bLide (2005); half-life of PCE is assumed to range from 9 months (EPA fact sheet: www.epa.gov/WGWDW/dwh/t-voc/tetrachl.html) to 101 yr (no degradation).
cSpecific activity is calculated as 3.575 x 10%/(half-life (yr) x molecular weight).

dEPA (1999), Sheppard and Thibault (1990), Looney et al. (1987), EPA fact sheet: www.epa.gov/WGWDW/dwh/t-voc/tetrachl.html.

€Looney et al. (1987), Chen et al. (2002), Ohe et al. (2002), Elless and Lee (1998), BSC (2005), and EPA Online Fact Sheets (www.epa.gov/safewater/dwh/t-ioc).
Based on the maximum inventory and minimum waste volume possible, the solubility may potentially limit the maximum agqueous source concentration for
radium-226, thorium-232, uranium-238, and lead; all other constituents are not limited by the solubility.

fWhelan et al. (1996), Smiles et al. (1995), Rogers et al. (1984), U.S. NRC (1989), Reid et al. (1987).

9Rogers et al. (1984), U.S. NRC (1989), Smiles et al. (1995), steam tables, and EPA'’s online Henry’s Constant calculator (www.epa.gov/athens/learn2model/part-
two/onsite/esthenry.htm).

hEPA (1988).

BSC = Bechtel SAIC Company.

Ci = Curie(s).

EPA = U.S. Environmental Protection Agency.
ft = Foot (feet).

kg = Kilogram(s).

m2/s = Square meter(s) per second.

mg/L = Milligram(s) per liter.

mL/g = Milliliter(s) per gram.

MWL = Mixed Waste Landfill.

N/A = Not applicable or not used in the model; for solubility, this indicates that the value is not limiting.
NRC = Nuclear Regulatory Commission.

PCE = Tetrachloroethene.

pCi = Picocurie(s).

ppb = Part(s) per billion.

SNL/NM = Sandia National Laboratories/New Mexico.
yr = Year(s).




Table E-3
Summary of Input Parameters and Distributions for the Waste Zone

Input Parameter Value or Distribution Basis and Comments
Waste-Zone Length Uniform Minimum value determined by size of individual pit (10 ft).
[m] 3.05-131 Maximum value determined by extent of MWL.
Waste-Zone Width Uniform Minimum value determined by size of individual pit (10 ft).
[m] 3.05-91.4 Maximum value determined by extent of MWL.

The thickness of the waste zone for all constituents except for
cadmium is based on the depth of the trenches and pits, which
Waste-Zone Uniform range from 3-8 m (10-27 ft). The thickness of the cadmium
Thickness [m] 3.05-8.23 contamination zone is assumed to be equal to 36.6 m (120 ft),
which is the maximum simulated penetration depth of the coolant
water that may have carried the cadmium (Wolford 1997).

Thickness of Cover Uniform Minimum value is assumed to be zero due to erosion.2 Maximum
and Clean 0-4.88 value is based on maximum thickness of the cover at various
Overburden [m] B locations (Peace et al. 2005).

aThe intent is to maintain the integrity of the cover at the MWL. Complete erosion of the cover is a conservative
bounding assumption for modeling purposes.

ft = Foot (feet).

m = Meter(s).

MWL = Mixed Waste Landfill.
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Table E-4

Summary of Input Parameters and Distributions for the Vadose Zone

Input Parameter

Value or Distribution

Basis and Comments

Thickness of the vadose zone for all constituents except for cadmium is
based on measured depths to the water table. The depth to the water

Thickness of Vadose Uniform table from the surface ranges from 141-151 m (461-495 ft)

Zone? [m] 133-148 (Goering et al. 2002). The range of vadose-zone thicknesses accounts
for the waste-zone thickness. For cadmium, the thickness is assumed to
be 104 m (461-120 = 341 ft).

) Minimum value based on infiltration through 2 ft of engineered cover
Uniform under current climate (Peace and Goering 2005); maximum value based
Infiltration Rate [m/s] 1.18 x 10-11— on two times the current maximum precipitation in a natural analog
6.12 x 10-11 vegetative cover to account for future climates (Waugh 1997,
Menking et al. 2004).
Log-Normal
Saturated Hydraulic Mean log: 1.039
Conductivity S.D. log: 0.705 Peace et al. (2003)
[cm/day] Upper bound: 173
Lower bound: 0.38
Porosity [-] 0 :(;;f_ch 45 Peace and Goering (2005)
Volumetric Moisture Uniform .
Content [] 0.053-0.225 Peace and Goering (2005)
Longitudinal digt.;nt::n;e(\s/;ggstz;/ceni]e Based on field data reported in Gelhar et al. (1992). This is used in the
dispersivity [m] thickness) FRAMES/MEPAS models for liquid transport to the groundwater.
Liquid-Phase Uniform Lower bound based on formulation of Millington (1959); upper bound is
Tortuosity Factor [-] 0.001-1 physical limit. This is used in the tritium and PCE models.
Gas-Phase Uniform Lower bound based on formulation of Millington (1959); upper bound is
Tortuosity Factor [-] 0.1-1 physical limit. This is used in the tritium and PCE models.

aUsed only in FRAMES/MEPAS. For all other models, the depth to the water table (141 to 151 m) is used.

cm = Centimeter(s).

ft = Foot (feet).

m = Meter(s).

PCE = Tetrachloroethene.

S = Second(s).
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Table E-5
Summary of Input Parameters and Distributions for the Biosphere

Input Parameter _Val_ue or Basis and Comments
Distribution
Atmospheric Boundary Uniform Minimum is based on values reported by Jury et al. (1983).
Layer Thickness [m] 0.001-1 Maximum is a conservative upper value.
Vertical Atmospheric Mixing > Conservative value to encompass volume occupied by a human

Length [m] (Yu et al. 1993).

Average value based on seven years of site data (SNL/NM Site

Average Wind Speed [m/s] 363 Environmental Monitoring Reports 1990-1996).
Inhalation Rate [m3/day] 20 EPA (1991)
Conservative estimate to account for drinking water and indirect
Water Intake [L/day] 10 ingestion or absorption via plants, animals, showering, etc.

Recommended value for drinking water is 2 L/day (EPA 2000).

The point of compliance for groundwater concentrations is
assumed to be at the boundary of the landfill. Receptor is
Distance to Receptor [m] 0 assumed to be located adjacent to landfill for inhalation, and water
used for drinking, irrigation, etc., is assumed to be drawn from the
aquifer directly beneath the MWL.

EPA = U.S. Environmental Protection Agency.
L = Liter(s).

m = Meter(s).

m3 = Cubic meter(s).

MWL = Mixed Waste Landfill.

S = Second(s).

SNL/NM = Sandia National Laboratories/New Mexico.

conversion factor (Table E-2) was used to determine the dose. For groundwater exposure, a
conservative estimate for water ingestion (10 L/day) was used together with the simulated
groundwater concentrations to determine intake. The assumed water ingestion rate of 10 L/day
is five times greater than the EPA drinking-water standard of 2 L/day and is intended to account
for indirect sources of water ingestion and absorption such as consumption of vegetables and
fruits irrigated by contaminated water. The dose-conversion factor was then used to estimate
dose via the groundwater pathway.

Key Assumptions:

The key assumptions regarding the models and input parameters used in the performance
assessment of the MWL are summarized below:

e Receptor located adjacent to MWL.

o Tritium dose caused by continuous inhalation and exposure of tritium flux directly above
MWL.

o Groundwater dose calculated based on concentrations in aquifer directly beneath MWL.

Water intake assumed to be 10 L/day (five times the EPA standard of 2 L/day for
drinking water).
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e Maximum waste inventory set equal to twice estimated values based on historical records.

e Sealed sources of radium-226 allowed to degrade in 1,000 years (emanation factor for radon-
222 allowed to increase).

e Cover allowed to completely erode in 1,000 years.
e 1-D model: yields maximum transport to surface and groundwater.

e Bounding tortuosity coefficients: yields maximum diffusion rates.

3.4 Water Infiltration through the Cover

Infiltration of water through a proposed soil cover for the MWL was modeled using the one-
dimensional, numerical code UNSAT-H (Peace and Goering 2005). UNSAT-H is a Richards’
equation-based model that simulates infiltration, unsaturated flow, redistribution, evaporation,
plant transpiration, and deep infiltration of water. The modeling was conducted in 2003 and 2004
using site-specific climate, hydrologic, and vegetation input parameters. The modeling results
corroborated the results from earlier modeling studies presented in Section 5.3 of the MWL CMI
Plan. Complete modeling input parameters, boundary conditions, and results are discussed in
Peace and Goering (2005).

One of the objectives of the modeling was to assess whether the proposed 3-ft cover will meet
the EPA-prescribed technical equivalency criteria. The EPA performance-based, technical
equivalency criteria used in this study are 31.5 mm/yr, or less, for net annual infiltration and

1 x 107 cm/s average infiltration rate, based on a hydraulic conductivity of 1 x 107 cm/s and the
assumption of constant unit gradient conditions. The modeling results demonstrate that the
proposed 3-ft MWL cover will meet the EPA-prescribed technical equivalency criteria for
RCRA landfills under both present and future conditions.

3.4.1 Model Description

The modeling study was formulated in one dimension, vertically, and was discretized by placing

computational nodes at predetermined vertical spacing in a conceptual soil profile to evaluate the
performance of a cover 3 ft in thickness. Figure E-3 shows a cross-section of the conceptual soil
profile and its numerical discretization. A total of 30 nodes were used to discretize a conceptual

soil profile 6 ft in thickness. A thickness of 6 ft is used so that the overlying nodes of interest are
not adversely impacted by the lowermost boundary conditions.

The conceptual soil profile was simulated as a lithologic monolayer. A soil profile with uniform
soil and hydrologic properties translates into a significant conservative estimate of liquid water
flow. If multiple layers are simulated, the water potential in the underlying layer must equal the
water potential in the overlying layer before flow into the lower layer occurs. Multiple layering
in performance modeling as well as multiple layers in nature attenuate the downward flow of
liquid water (e.g., multiple capillary barriers). UNSAT-H input parameters for the cover are
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summarized in Table 6-1 in Peace and Goering (2005). All parameters are site-specific and were
carefully measured to obtain the most accurate estimate of infiltration possible.

Climatic data represent the site-specific conditions to the maximum extent possible. The
historical rainfall record from Albuquerque International Sunport, dating from 1919 to 1996, was
used to input precipitation and simulate infiltration through the cover. Two discrete sets of
precipitation data were compiled from the historical record. The first data set, the “historical
precipitation data,” included 65 years of daily rainfall recorded from 1932 to 1996. The second
data set, the “maximum precipitation data,” included the 8 heaviest years' rainfall recorded
between 1919 and 1996, repeated 8 times for a total of 64 years. The heaviest rainfall years were
1919, 1929, 1940, 1941, 1982, 1986, 1988, and 1992. These maximum precipitation data
represent a climate change of 50 percent more precipitation overall (1.5 times the current level).
Precipitation during these years ranged from 12 inches (in.) to over 15 in. The current average
annual precipitation for the Albuquerque area is 8.65 in./yr.

Literature evidence suggests that wetter conditions probably occurred during the last glacial
episodes in the Southwest. Studies of paleoclimate during the Last Glacial Maximum suggest
that precipitation in the Estancia basin, located west of the Manzano Mountains, nearly doubled
relative to modern levels during brief, decade- to century-long episodes of colder and wetter
climate (Menking et al. 2004). Farther west, studies of floral assemblages in late Pleistocene
packrat middens near Yucca Mountain, Nevada, indicate that precipitation was an estimated
2.4 times modern levels during the Last Glacial Maximum (Menking et al. 2004).

Because precipitation in the southwest may have been significantly higher in the past, a
precipitation multiplier of 2X was used to estimate maximum infiltration levels in the future
through the MWL cover. A polynomial extrapolation of infiltration was developed using the
results from modeling the “historical precipitation data” and the “maximum precipitation data,”
and assuming that hydrologic properties of the cover are at equilibrium with the natural system.

Plant transpiration is the primary mechanism in removing water from a cover. Without plants,
covers would only depend on evaporation to remove water from the soil profile. Vegetative
input for the UNSAT-H code included root depth, root length density, leaf area index, growing
season, and percent bare area. Root depth, root length density, leaf area index, growing season,
and percent bare area for a climax community were measured in the field (Peace and Goering
2005).

3.4.2 Model Results

The UNSAT-H code simulated infiltration through a soil cover with a climax community of
native vegetation. The range of average infiltration rates for the MWL was predicted under
current and future climate conditions. For both the current and future scenarios, the estimated
infiltration rates through a 2-ft cover rather than a 3-ft cover were used to be conservative, as the
model predicted infiltration through a 3 ft cover to be slightly negative, i.e., a net upward flux
(Peace and Goering 2005).
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Under present climate conditions, the model predicted the average infiltration rate through the
proposed MWL cover to be 1.18 x 10-° cm/s for the historical precipitation scenario and
5.34 x 109 cm/s for the maximum precipitation scenario.

Under future climate conditions, the properties of the MWL cover soils will gradually revert
towards those of the natural soils around the landfill, as the bulk density and porosity of the soil
equilibrate with natural conditions. Under these conditions, the model predicted the average
infiltration rates to be 2.44 x 10-10 cm/s for the historical precipitation scenario and 1.04 x 10-°
cm/s for the maximum precipitation scenario.

Since the maximum precipitation scenario represents a 50 percent increase in precipitation over
the historical precipitation scenario, a polynomial regression for infiltration as a function of
precipitation can be determined (assuming that zero infiltration occurs with zero precipitation).
We assign a normalized precipitation value of one to the historical precipitation scenario and a
value of 1.5 to the maximum precipitation scenario. The quadratic regression then allows
extrapolation to future climates where the precipitation is expected to be twice as high as present
values. If the future precipitation is twice as high as current precipitation, the precipitation
multipliers will increase to 2X for the historical scenario and 3X for the maximum scenario.
Applying these multipliers to the quadratic regression yields estimated future infiltration rates of
2.29 x 10 cm/s for the historical precipitation scenario and 6.12 x 10-9 cm/s for the maximum
precipitation scenario (Figure E-4). We use 6.12 x 10-° cm/s as an upper bound for the
infiltration distribution to represent maximum precipitation conditions in the future, and we use
1.18 x 10-° cm/s as a lower bound for the infiltration distribution to represent current
precipitation conditions with the engineered cover design.
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Precipitation Multiplier

Figure E-4 Polynomial Regression Used to Estimate Future Infiltration Values as a
Function of Precipitation Multipliers. Triangles Denote Simulated Values; Circles Denote
Extrapolated Values

In summary, the modeling results demonstrate that the proposed 3-ft soil cover will meet the
EPA-prescribed technical equivalency criteria for both present and future climate conditions,
even if precipitation is significantly higher. The EPA performance-based, technical equivalency
criteria are 31.5 mm/yr or less for net annual infiltration and 1 x 107 cm/s average infiltration
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rate, based on a hydraulic conductivity of 1 x 107 cm/s and the assumption of constant unit
gradient conditions. Predicted average infiltration rates through the MWL cover are expected to
range from 1.18 x 10-° cm/s for present conditions to 6.12 x 10 cm/s for future conditions,
under the assumption of significantly higher precipitation. These infiltration rates are
considerably lower than the EPA performance-based, technical equivalency criterion of

1 x 107 cmfs.

3.4.3 Summary of Key Results and Assumptions

e Simulations of infiltration through the engineered cover at the MWL show that the net annual
infiltration will be less than the regulatory metric of 10-7 cm/s.

e Predicted average infiltration rates through the MWL cover are expected to range from
1.18 x 10° cm/s for present conditions to 6.12 x 10-° cm/s for future conditions.

Key Assumption:

e Predicted range of infiltration rates was based on simulated infiltration averaged over
64 years of data (as opposed to selected annual or daily averages).

3.5 Fate and Transport of Tritium
3.5.1 Model Description

As described in Section 3.2.2, the fate and transport of tritium was simulated using a model that
accounts for transient liquid advection, gas diffusion, and decay (Jury et al. 1983, Jury et al.
1990). The upper boundary condition at the surface allowed for gas-phase transport of tritium to
the atmosphere across a prescribed (uncertain) boundary-layer thickness. The concentration at
the bottom of the model was specified as zero infinitely far away from the source.

The initial inventory of tritium was estimated from past records (SNL/NM 1993), and the extent
of the contaminated waste zone was allowed to vary from the size of an individual pit to the
entire size of the MWL. The inventory was allowed to vary between the estimated value (as a
lower bound) and an upper bound equal to twice the estimated value. The simulations were run
until tritium concentrations decreased to negligible values in the system. One hundred
realizations were used in the simulations.

3.5.2 Model Results
3.5.21 Comparison to Field Data

In 1990 and 1993, measurements of tritium at the surface and at locations in the subsurface were
measured at the MWL (Johnson et al. 1995). These measurements were used as a reference to
check the simulated results of the model. Figure E-5 shows the simulated tritium surface flux as
a function of time for 100 realizations. The minimum and maximum measured tritium surface
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Figure E-5 Comparison of Simulated Tritium Surface Flux as a Function of
Time for 100 Realizations with Range of Measured Values in 1993

flux values taken in 1993 are also shown in the figure. The measured values are shown spanning
5 to 33 years because the actual time elapsed since the tritium was emplaced is uncertain.

Emplacement of waste at the MWL began in 1960 and ended in 1988; therefore, the measured
values sampled in 1993 could have occurred between 5 and 33 years after emplacement. Results
show that the simulated results during this span of time are either within or above the measured
bounding values. Figure E-6, Figure E-7, and Figure E-8 show similar plots and results for
different locations in the subsurface. In most cases, the simulated fluxes and concentrations are
higher than the measured values. These results and comparisons provide evidence that the
models can provide realistic values for the simulated outputs. In addition, the comparisons
confirm that the model is producing conservatively high results for surface fluxes and subsurface
concentration because of the conservative values and distributions used for the model
parameters.

3.5.2.2 Comparison to Performance Objectives

The simulated tritium concentrations reaching the groundwater are shown in Figure E-9 for all
100 realizations as a function of time. The peak tritium groundwater concentrations are all
small, and Figure E-10 shows the cumulative probability of the peak concentrations for

100 realizations and 200 realizations. The results show that the simulated tritium groundwater
concentrations are all well below 20,000 pCi/L. In addition, the distribution resulting from
100 realizations is nearly the same as the distribution resulting from 200 realizations (therefore,
all subsequent analyses only use 100 realizations).

AL/10-05/WP/SNLO05:R5729-E.doc E-37 840857.04.24 10/31/05 5:21 PM



1.E+10 4

: 1

1.E+09 |1~ -~ Max Surface
- B DL« Concentration
[8) g E . o ox in 1993 =
S LEO8 7*3'41& + X 3.94E+07
" VA H § . X -9
5 $ - 088 g, pCi/L
S 1E+07 |t & X g ¥ty
T 4 x 0 i 2 ; ‘ X
=] x M + ] . $
< - -

1.E+06 - L x
i e ﬁT:T" % -O-Min Surface
S iz * Concentration
(@) | 77‘ M | B —
g "ET EEE NI in 1993 =1180
Q g b J x .
g .85 % g0 pCi/L
t 1.E+04 .

[ 1 . <]

e - s £ F 5
=} y H
~ !

1.E+02

1.E+01 T T T !

0 50 100 150 200

Time (years)

Figure E-6 Comparison of Simulated Tritium Surface Concentration as a Function of
Time for 100 Realizations with Range of Measured Values in 1993

1.E+11
_1E+10 3
= g £ 5 :
0 L og o8 &% -
&1.E+094§l£i£z -
= d 6 7 S s .
ﬁ 1.E+08 +—* 12 £ % : : A \; - =/ Max in 1_990
" £ 8 ¥ E & & 4 ¥ at SB-3 =
X phor —D ¥ 8§ E ;8 4 x - 1.70E+07
= 1 * M s 8 2 9x - i/
@ 3 E R iz - pCi/L
S 1.E+06 SRR RN
3 g ¥ 28 L oo § X o =O=-Max in 1990
£ LE+05 & © 2 ;ﬂ“ﬁir;kw% at SB-5 =
2 RN ¥4 180,000 pCi/L
S LE+04 3 ;%5
L B-I I-
£ 1E+03 g
" 1E+02
1.E+01 : : :
0 50 100 150 200

Time (years)

Figure E-7 Comparison of Simulated Tritium Concentration at a Depth of 15 ft as a
Function of Time for 100 Realizations with Measured Maximum Values in 1990

AL/10-05/WP/SNLO05:R5729-E.doc

E-38

840857.04.24 10/31/05 5:21 PM



1.E+08

=/ Deepest
detectable
tritium
concentration
at 110 ftin SB-
5in 1990
(detection
limit = 2,000
pCi/L)

o LE+07
£ 1.E+06 —7:4;!%1#,41 -
= z 3 M s r
g e 0 ! » [ ] : 8 © !. i : ‘T' z
— & 0 bd : 2 : P ;'i 2 :- * F
‘ﬁ' 1.E+05 X W % i £ ¥ I 2 8 xz ! e - ¥z .
o SRS I LI E RN EEEEED
® 1E+04 - L B
2 m s 1 X = : ; i g S A ' i u : [ ] ‘
S - o B i i
® 1.E+03 P: ok ;**%—3+§*§%FFH'
5 i Exomxe doxa ;!g%xi
o S g XX g * g @8 L R4 gL AR g
Q 1.E+02 *ﬁf+i*§*—*iﬁ'.—i’7jﬁ;_r'in4
8 ; + £ 3 : . f e £ g ;
£ 1.E+01 . - B ‘
5 x ® ¢ 7 X - ; :
:'E s + 7 ; : - £ ® - 7 C e {
F 1.E+00 4% e s
s ‘ S () + r
1E0L 4= % * ‘ w |
0 50 100 150 200

Time (years)

Figure E-8 Comparison of Simulated Tritium Concentration at a Depth of 110 ft as a
Function of Time for 100 Realizations with Measured Value in 1990

Tritium Groundwater Concentrations (pCi/L)

Time (years)

Figure E-9 Simulated Tritium Concentrations in the Aquifer as a Function of
Time for 100 Realizations
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Figure E-11 shows the cumulative probability for the simulated peak tritium dose via
groundwater, which is calculated based on the simulated aquifer concentrations and a
conservative water intake of 10 L/day (accounts for drinking water, indirect ingestion via plants
and animals, absorption and inhalation via showering, etc.). The results show that all realizations
are well below the EPA metric of 4 mrem/yr.

Figure E-12 shows the cumulative probability for the simulated peak tritium dose via the air
pathway for 100 realizations. The simulated dose due to inhalation (and skin absorption) is
based on the concentration of gas-phase tritium immediately above the MWL. The average wind
velocity, vertical mixing length, and surface flux of tritium are used to calculate the air
concentration above the MWL, and the inhalation rate is used to calculate the intake (Table E-5).
The dose conversion factor (Table E-1) is then used to calculate the dose rate. Because the
simulated surface flux of tritium for several realizations was quite high (Figure E-5), a small
percentage (approximately 2 percent) of the realizations yield a dose via the air pathway that
exceeds the EPA metric of 10 mrem/yr.

It should be noted, however, that Figure E-5 shows the peak tritium surface fluxes occurring
before 50 years due to the natural decay of tritium. The simulated maximum surface
concentrations of tritium that yielded the peak fluxes are on the order of 1010 pCi/L. If measured
values of tritium vapor concentrations at the surface over the next few decades are not shown to
increase from previously measured values, which are several orders of magnitude less than
maximum simulated values, the dose due to tritium via the air pathway is not likely to be
exceeded.

AL/11-05/WP/SNLO5:R5729-E.doc E-40 840857.04.24 11/01/05 8:38 AM



1

yi
0.9 /

0.8

0.7 4

0.6 v}

4 mrem/year

0.5 ~

0.4

Cumulative Probability

03 5

0.2 4

*
EPA Regulatory Metric

0.1

o T T T
1E-30 1E-24 1E-18 1.E-12 1.E-06 1.E+00

Peak Tritium Dose via Groundwater (mrem/year)

Figure E-11 Cumulative Probability for Simulated Peak Tritium Dose via the
Groundwater Pathway Using 100 Realizations

1 3

0.9 ||Receptor assumed to be £
located at boundary of MWL ; I

0.8 1 (continuous inhalation and j’—r
exposure)

0.7

0.6 ‘{
05 f

|

|

|

|

i

0.4 H I
- 7’ |
|

|

I

|

|

|

Cumulative Probability

0.3

0.2 >

EPA Regulatory Metric = 10 mrem/year

0.1

0 T T
0.001 0.01 0.1 1 10 100

Peak Tritium Dose via the Air Pathway (mrem/year)

Figure E-12 Cumulative Probability for Simulated Peak Tritium Dose via the Air Pathway
for 100 Realizations

AL/10-05/WP/SNLO05:R5729-E.doc E-41 840857.04.24 10/31/05 5:21 PM



3.5.2.3 Sensitivity Analysis

A sensitivity analysis (as described in Section 2.2.1) was performed to determine the parameters
that were most important to the simulated performance metrics of aquifer concentration and
inhalation dose. Figure E-13 presents a chart that summarizes the results of the stepwise linear
rank regression analysis.

The sensitivity of the inhalation dose to liquid-phase tortuosity and moisture content indicates
that the transport of tritium is dependent on upward diffusion through the liquid phase as well as
the gas phase. A conservative upper bound for the liquid- and gas-phase tortuosity coefficients
was implemented in this study (Table E-4) to account for the possible effects of enhanced vapor
diffusion (Ho and Webb 1998). The dependence on cover thickness and atmospheric boundary-
layer thickness indicates that the inhalation dose is also dependent on the upper boundary
conditions of the landfill. Therefore, the thickness and integrity of the cover should be
monitored and maintained to mitigate tritium migration to the surface. Finally, although not
included as an uncertain parameter, the location and disposition of the receptor played an
important role in the simulated inhalation dose. In this study, the receptor was assumed to be
located adjacent to the MWL, continuously inhaling air directly above the MWL (24 hours a day,
365 days a year). If the receptor were located further away from the site, or if the exposure were
not continuous, the simulated dose via the air pathway would be considerably less.

The variability of the tritium aquifer concentration is shown to be dependent on the liquid-phase
mobility parameters, indicating that diffusion of liquid-phase tritium is important. A separate
(“one-off”) sensitivity analysis of infiltration revealed that the infiltration would have to be
increased by several orders of magnitude (close to the saturated hydraulic conductivity of the
vadose zone) in order for the tritium to reach substantial concentrations in the groundwater.

3.5.3 Summary of Key Results and Assumptions
e All simulated realizations of tritium aquifer concentration and dose via the groundwater

pathway were well below the regulatory metrics of 20,000 pCi/L and 4 mrem/yr,
respectively.

e A small percentage (2 percent) of the simulated dose due to tritium via the air pathway
exceeded the regulatory metric of 10 mrem/yr.

e Parameters impacting tritium diffusion through both the liquid and gas phases (e.g.,

tortuosity coefficient, moisture content, cover thickness, atmospheric boundary-layer
thickness) were found to be important to the simulated inhalation dose.
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Figure E-13 Analysis of Sensitivity of Simulated Tritium Inhalation Dose and Aquifer
Concentration to Uncertain Input Parameters

Key Assumptions:

e Receptor located at MWL; continuous inhalation and exposure of tritium flux from
subsurface

e Cover allowed to erode completely

e 1-D model: maximum transport to surface

e Bounding tortuosity coefficients: maximum diffusion rate

e Maximum waste inventory set equal to twice estimated value of 2,400 Ci
3.6 Fate and Transport of Radon

3.6.1 Model Description

Section 3.2.3 and Attachment E1 describe the steady-state radon transport model that was
developed for this study. Diffusion, advection, and decay of radon is included in the model. A
constant generation of radon is assumed to occur in the prescribed waste zone, which can vary in
size. A significant difference between the current model and previous models of radon transport
in geological media (see, for example, Rogers et al. 1984) is the nature of the radium-226 source.

AL/10-05/WP/SNLO05:R5729-E.doc E-43 840857.04.24 10/31/05 5:21 PM



In previous studies, the radium-226 originated from ore deposits containing uranium. At the
MWL, pure radium-226 was disposed of in sealed containers. Therefore, the overall
concentration of radium-226 can be much higher in the current analysis, but the emanation
factor, E, which governs how much radon-222 gas can be released from the radium-226, can be
significantly lower because of the containment. Generally speaking, the integrity of radioactive
sealed sources is very robust. The radium-226 sealed sources disposed of in the MWL were
most likely fabricated according to design standards that required tests to evaluate the integrity of
the sources subject to extreme temperature, impact, pressure, and vibration (see, for example,

10 CFR 39.41).

3.6.2 Model Results
3.6.2.1 Comparison to Field Data

Radon surface fluxes at the MWL were measured in 1997 (Haaker 1998). A total of 89 four-in.-
diameter activated charcoal radon canisters were used to evaluate the radon surface fluxes in the
vicinity of the MWL, as well as background values. Results showed that the measured radon
fluxes above the MWL were not significantly different than the background values. The median
flux in the vicinity of the MWL was 0.33 pCi/m2/s while the median background flux was

0.35 pCi/m?/s. The maximum measured fluxes for the MWL and background were 1.02 and
0.664 pCi/m2/s, respectively. This difference in maximum values was used to calibrate the
emanation factor in the radon transport model. The emanation factor governs how much radon is
released to the immediate surroundings from the radium-226 source. A factor of zero represents
no emission (complete containment), and a factor of one represents total emission (no
containment).

The potential sources of radon-222 (radium-226) were sealed and contained, and the sealed
sources were likely tested for integrity before disposal in the MWL. Therefore, the containment
is assumed to be generally intact at present, but defects or breaks may still be present. The
minimum emanation factor, which accounts for present-day emissions, was adjusted to yield a
radon flux between 0.1 and 1 pCi/m?/s (equivalent to the difference in maximum measured and
background fluxes). The resulting minimum emanation factor used in the probabilistic
simulations was 10-6. The maximum emanation factor was estimated based on the possibility
that the sealed containers may degrade in the future. The integrity of the containers is expected
to last well beyond 1,000 years, but an upper value of the emanation factor was set equal to 0.01
to represent the possibility that 1 percent of the containers will completely degrade within

1,000 years. An evaluation was also performed assuming that the maximum emanation factor
was equal to one, which is equivalent to complete degradation of the containment of all the radon
sources within 1,000 years. A log-uniform distribution between 10-6 and the maximum value
was used for the emanation factor.

3.6.2.2 Comparison to Performance Objectives

Figure E-14 shows the cumulative probability for the simulated peak radon-222 surface flux for
100 realizations. For the scenario with a maximum emanation factor of 0.01 (1 percent of the

radon-source containers degrades completely), the results show that 97 percent of the simulated
radon surface fluxes are below the design standard of 20 pCi/m?/s (3 percent of the realizations
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Figure E-14 Cumulative Probability for Simulated Peak Radon-222 Surface Flux for
100 Realizations Using Two Different Maximum Values for the Emanation Factor, E

yield radon surface fluxes that exceed the design standard). In the bounding scenario, where we
allow all of the containment of the sealed sources to completely degrade, nearly 30 percent of the
realizations exceed the design standard of 20 pCi/m2/s. As shown in the sensitivity analysis in
the next section, the large uncertainty in the emanation factor allowed significant variations in
the simulated radon surface flux. It is unlikely that the sealed sources and containers for radium-
226 will degrade significantly over the next few hundred years, but because the half-life of
radium-226 and uranium-238 is extremely long, radon-222 will continue to be generated from
these parent products indefinitely. Therefore, degradation of the containers may eventually
cause the emanation factor for radon-222 to increase at some point in the future. For a
1,000-year evaluation period, however, the probability of exceeding the radon surface-flux
design standard is very small if the sealed sources and containers do not degrade significantly
and the emanation factor remains below 0.01.

Simulated radon concentrations in groundwater were negligible (less than 10 to 20 pCi/L). The
short half-life of radon (3.8 days) and the large thickness of the vadose zone prohibit radon from
migrating significant distances to the water table when the source originates from the landfill.
However, in Section 3.7, small amounts of radon are shown to reach the groundwater after
10,000 years when radon is included as progeny of uranium-238, which is fairly mobile (relative
to the other nonvolatile radionuclides). This effectively mobilizes the source of radon toward the
groundwater. However, the decay chain for uranium-238 to radium-226 to radon-222 is an
extremely long process (billions of years). Therefore, the amount of radon-222 produced from
uranium-238 in 1,000 years is extremely small; no radon-222 is simulated to reach the
groundwater in 1,000 years, even when it is included as progeny of uranium-238.
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3.6.2.3 Sensitivity Analysis

A sensitivity analysis (as described in Section 2.2.1) was performed to determine the stochastic
input parameters that were most important to the simulated radon surface flux. Figure E-15
presents a chart that summarizes the results of the stepwise linear rank regression analysis. The
emanation factor was by far the most significant variable that influenced the variability in the
simulated radon surface flux. The waste volume, cover thickness, and effective diffusion
coefficient were also shown to be statistically correlated to the simulated radon surface flux, but
to a much lower degree.

3.6.3 Summary of Key Results and Assumptions

e Sensitivity studies show that the emanation factor, which depends on the integrity of the
radium-226 containment, is important to the performance of the landfill with regard to
surface radon fluxes.

e For a maximum radon emanation factor of 0.01 (1 percent of the radium-226 containers fail),
the simulated radon surface fluxes exceed the design standard of 20 pCi/m2/s in about
3 percent of the realizations. For a maximum radon emanation factor of 1 (100 percent of the
radium-226 containers fail), the simulated radon surface fluxes exceed the design standard in
about 30 percent of the realizations.

e Simulated radon concentrations in the groundwater were negligible.
Key Assumptions:

e Sealed sources of radium-226 allowed to degrade in 1,000 years (emanation factor allowed to
increase)

e Cover allowed to erode completely
e 1-D model: maximum transport to surface

3.7 Fate and Transport of Other Radionuclides
3.7.1 Model Description

The FRAMES/MEPAS source-term and vadose-zone models (Section 3.2.1) were used to
evaluate the aqueous-phase transport of the following radionuclides to the groundwater:
amercium-241, cesium-137, cobalt-60, plutonium-238, plutonium-239, radium-226, strontium-
90, thorium-232, tritium, and uranium-238. Although tritium was simulated separately using the
model of Jury et al. (1983, 1990), it was also included in the FRAMES/MEPAS model. Decay
products of plutonium-238 (e.g., uranium-234), radium-226 (e.g., radon-222), and uranium-238
(e.g., uranium-234, radium-226) are also simulated in the FRAMES/MEPAS model

(Whelan et al. 1996).
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Figure E-15 Analysis of Sensitivity of Simulated Radon Surface Flux to Uncertain Input
Parameters

3.7.2 Model Results
3.7.2.1 Comparison to Field Data

Other than the detection of tritium and radon in the atmosphere and subsurface as discussed in
previous sections, no other radionuclides have been detected at the surface or in the subsurface
beyond the extent of the landfill. The inventory for each of the radionuclides shown in Table E-2
was estimated based on past records regarding the content of the MWL (SNL/NM 1993). The
upper value for the inventory distribution of each radionuclide was conservatively assumed to be
equal to twice the estimated value from past records.

3.7.2.2 Comparison to Performance Objectives

In all realizations, none of the radionuclides were simulated to reach the groundwater in

1,000 years.? All of the radionuclides were retarded sufficiently by adsorption to prevent
significant migration in 1,000 years, even with the realistically conservative distributions used
for model inputs (Table E-2). In order to assess potential failure mechanisms, additional
scenarios were performed.

3 Tritium was simulated to reach the groundwater when vapor-phase transport was included in Section 3.5, but
simulated tritium groundwater concentrations and dose were well below the regulatory metrics.
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Alternative Scenario: Increased Infiltration

First, the infiltration was increased while holding all other input parameters at fixed,
conservative values. After 1,000 years, uranium (uranium-238, uranium-234) reached the
groundwater when the Darcy infiltration through the vadose-zone was increased by an order of
magnitude over its maximum stochastic value (6.12 x 10-11 m/s) to 6.12 x 10-10 m/s, but the
groundwater concentrations were still less than the regulatory metric of 30 pug/L. Groundwater
concentrations of uranium exceeded the regulatory metric when the simulated Darcy infiltration
increased by two orders of magnitude over the maximum stochastic value to 6.12 x 10 m/s.

Alternative Scenario: Increased Simulation Period

FRAMES/MEPAS was allowed to run past 1,000 years to assess the potential travel times of the
different radionuclides to the groundwater using the original distributions and parameter values
(Table E-2). Only uranium-238 and its decay products (uranium-234, radon-222) were simulated
to reach the groundwater after approximately 10,000 years. The other radionuclides were
retarded by their relatively large adsorption coefficients. The radon-222 that reached the
groundwater was a decay product of uranium-238. As shown in previous simulations of radon
originating from the waste zone (Section 3.6), radon originating from the MWL was not
simulated to reach the water table because of its short half-life (3.8 days). However, since
uranium-238 has a small distribution coefficient (K4) and long half-life, a number of realizations
showed that uranium-238 and some of its daughter products (uranium-234 and radon-222) could
reach the water table after approximately 10,000 years. Although the decay of uranium-238 to
radon-222 is extremely slow, some small but finite amount of radon-222 is generated from
uranium-238 as it moves toward the water table. In MEPAS, the Bateman equation (Bateman
1910) is used to estimate the relative concentrations of the daughter products as a function of the
concentration of the parent, the half lives of the parent and daughter products, and the time
elapsed.

Figure E-16 shows the cumulative probability for simulated peak radon-222 (progeny from
uranium-238) aquifer concentrations for 100 realizations after a simulated period greater than
10,000 years. Although the radon-222 reached the water table as a result of the transport of its
parent product, uranium-238, the concentration of radon-222 in the groundwater is still well
below the proposed limit of 300 pCi/L.

Figure E-17 shows the cumulative probability for the simulated peak uranium concentration in
the groundwater for 100 realizations after a simulated time period greater than 10,000 years. The
total uranium concentration is comprised of both uranium-234 (decay product of plutonium-238
and uranium-238) and uranium-238. All realizations yielded peak uranium aquifer
concentrations that were less than the EPA regulatory metric of 30 ug/L.

The total groundwater dose for extended periods of time (past 10,000 years) is calculated from
the peak aquifer concentrations of uranium (uranium-234 and uranium-238) and radon. The
groundwater consumption is assumed to be a conservative 10 L/day to account for drinking
water, indirect ingestion through irrigation of vegetables and intake by food-producing animals,
and absorption via showering. Figure E-18 shows the cumulative probability for the simulated
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Figure E-18 Cumulative Probability for Simulated Peak Groundwater Dose for all
Radionuclides for 100 Realizations for Time Periods Extending Beyond 10,000 Years

total peak groundwater dose for 100 realizations after a simulated period greater than
10,000 years. The EPA regulatory metric of 4 mrem/yr (for beta particles) is shown for
reference, but it does not actually apply to the primary constituents contributing to the dose,
uranium-234 and uranium-238, which are alpha particles.

3.7.2.3 Sensitivity Analysis

Although no radionuclides were simulated to reach the groundwater within 1,000 years,
sensitivity analyses were performed on the extended simulations (greater than 10,000 years) to
identify important parameters and processes (Figure E-19). Sensitivity analyses show that the
infiltration is the primary parameter impacting the variability in the simulated aquifer
concentrations for uranium-238, its decay products (uranium-234, radon-222), and the simulated
dose via groundwater. A “one-off” sensitivity analysis showed that the infiltration would have to
be increased by two orders of magnitude to increase the uranium concentrations above the
regulatory metric of 30 pg/L within 1,000 years. Other parameters that were found to be
statistically correlated to the variability in the simulated performance metrics were waste length
and width, uranium-238 Ky, and the bulk density (which, together with the Ky value, impacts the
retardation).
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Input Parameters for a Time Period Extending Beyond 10,000 Years

3.7.3 Summary of Key Results and Assumptions

¢ None of the radionuclides were simulated to reach the groundwater within 1,000 years for all
realizations.

e Only uranium-238 (and some of its decay products) were simulated to reach the water table
for extended periods (greater than 10,000 years). All peak aquifer concentrations were still
less than the EPA regulatory metric of 30 ug/L.

e Infiltration rate was found to be the most significant parameter impacting the variability in
the simulated groundwater concentrations and dose via groundwater. Uranium groundwater
concentrations were simulated to exceed the regulatory metric of 30 pg/L if the infiltration
increased two orders of magnitude above the maximum stochastic value to 6.12 x 10-° m/s.

Key Assumptions:

e 1-D model: maximum transport to groundwater

e Receptor assumed to be located at MWL. Water intake assumed to be 10 L/day (5 times
greater than EPA standards)
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3.8 Fate and Transport of Heavy Metals
3.8.1 Model Description

The fate and transport of two heavy metals, lead and cadmium, were simulated using
FRAMES/MEPAS (Section 3.2.1). The inventory of lead was estimated from previous records
(SNL/NM 1993), and uncertainty in the inventory was captured by using a uniform distribution
with the estimated value as a lower bound (Table E-2). There were no records of cadmium being
disposed of at the MWL, but soil samples revealed concentrations of cadmium in the subsurface
(Peace et al. 2002). The maximum soil concentrations of cadmium were used with the bulk
density of the soil and maximum simulated penetration of coolant water (Wolford 1997) to
estimate the mass of cadmium in the MWL. This value was then used as a lower bound in a
uniform distribution (Table E-3).

3.8.2 Model Results

Neither lead nor cadmium were simulated to reach the groundwater in any of 100 realizations for
1,000 years. Extended simulation periods (greater than 10,000 years) also did not yield any
breakthrough of lead or cadmium to the water table. Therefore, comparisons to the regulatory
metrics of 15 ug/L and 5 ug/L for lead and cadmium, respectively, are not plotted. Both lead
and cadmium have relatively large adsorption coefficients (Table E-2), which retard their
transport through the thick vadose zone.

3.8.2.1 Sensitivity Analysis

A “one-off” sensitivity analysis was performed to determine the impact of infiltration on the
transport of lead and cadmium while holding all other parameters at constant conservative
values. Results showed that cadmium could reach the groundwater in 1,000 years and exceed its
regulatory metric if the Darcy infiltration were increased by three orders of magnitude over the
maximum expected infiltration, which is based on future climate scenarios (i.e., from 6 x 10-11
m/s to 6 x 108 m/s). Lead was simulated to reach the water table in 1,000 years if the infiltration
were increased by four orders of magnitude over the maximum expected infiltration. Although
this additional increase in infiltration is not expected to occur based on detailed infiltration
simulations (Section 3.4), the infiltration at the MWL should be monitored in the future.
Significant increases (by several orders of magnitude or more) may lead to increased potential
for migration of heavy metals and other contaminants to the groundwater.

3.8.3 Summary of Key Results and Assumptions

e Neither lead nor cadmium were simulated to reach the groundwater in 1,000 years (or
extended periods past 10,000 years)

e Additional increases in infiltration would (3 to 4 orders of magnitude over expected
maximum infiltration rates) allow cadmium and lead to reach the groundwater in 1,000 years.
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Key Assumptions:
e 1-D model: maximum transport to groundwater

3.9 Fate and Transport of Volatile Organic Compounds
3.9.1 Model Description

VVOCs were used as cleaners and solvents for machining and other industrial processes at Sandia
National Laboratories. Rags, residual containers, and other wastes contaminated with these
contaminants were disposed of at the MWL. Although no quantitative estimates of the volumes
of these contaminants disposed of in the MWL exists, soil samples provide an estimate of the
extent and concentration of the region contaminated with VOCs at the MWL. Previous studies
have shown that VOCs such as TCE and PCE can migrate long distances in the vapor phase.
Klavetter (1995a) showed that among the VOCs of concern at the MWL, PCE was the only VOC
that posed a threat to exceeding regulatory metrics in the groundwater (PCE has a greater
Henry’s constant and, hence, greater gas-phase transport rate than TCE for the same aqueous
source concentration). However, because there is still a potential for other VOCs from the MWL
to migrate to groundwater due to their mobility, PCE was modeled in this study as a proxy for
other VOCs detected in soil gas and in soils beneath the MWL.

In this study, PCE is simulated using the transient model of Jury et al. (1983, 1990), which
accounts for aqueous-phase advection, gas-phase diffusion, adsorption, and decay

(Section 3.2.2). Table E-2 summarizes the uncertainty distributions that were used in the model.
The inventory was calculated based on the maximum measured soil gas concentration

(5,900 ppb) at 30 ft (Peace et al. 2002). We assumed that the PCE vapor was in equilibrium with
its aqueous phase (using Henry’s constant). The maximum measured gas concentration

(5,900 ppb) was used as a minimum value in a uniform distribution increasing to ten times this
value to develop a range of equilibrium aqueous concentrations. The maximum value was based
on calibrations with measured data (see next section). The total mass of PCE was then
calculated using the moisture content, maximum areal extent of the MWL (430 x 300 ft), and an
uncertain thickness ranging from 10 to 27 ft. Other values in Table E-2 were taken from
conservative values and ranges found in the literature for PCE.

3.9.2 Model Results
3.9.21 Comparison to Field Data

Samples of PCE soil-gas concentrations were taken at the MWL in 1993 (Johnson et al. 1995).
The ranges of measured values at two different depths (10 and 30 ft) were compared to simulated
soil-gas concentrations using the transient PCE transport model described in the previous
section. Figure E-20 and Figure E-21 show the comparisons for all 100 simulated realizations.
As discussed in previous sections, the measured values in 1993 are shown spanning a time period
between 5 and 33 years, which accounts for the uncertainty in the time of emplacement. Results
show the majority of simulated soil-gas concentrations during this time period at the two depths
are between the maximum and minimum values measured in 1993.
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for 100 Realizations with a Range of Measured Values in 1993
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3.9.2.2 Comparison to Performance Objectives

Figure E-22 shows the simulated PCE concentrations in the groundwater as a function of time
for all 100 realizations. The majority of the realizations show the aquifer concentrations peaking
before 50 years. Depending on the time of disposal, this corresponds to peak concentrations
occurring by 2010 to 2040. So far, no detectable amounts of PCE have been found in the
groundwater at the MWL. This is still consistent with the simulations, which show a large
amount of variability in the simulated concentrations resulting from uncertainty included in the
input parameters (see next section).

The cumulative probability of the peak PCE groundwater concentration for all 100 realizations is
shown in Figure E-23. The results show that approximately 99 percent of the realizations yield
groundwater concentrations less than the regulatory metric of 5 ug/L. Only 1 percent of the
realizations yielded groundwater concentrations that exceeded the regulatory metric.

3.9.2.3 Sensitivity Analysis

The uncertainty in the PCE Ky, half-life (degradation), inventory concentration, source thickness,
and cover thickness values were found to be the most statistically significant parameters that
impacted the variability in the simulated PCE aquifer concentrations (Figure E-24). As stated in
previous sections, the adsorption coefficient, K4, plays an important role in the retardation and
mobility of the constituent. The half-life and inventory both govern the persistence and
availability of the PCE during migration to the groundwater. The source thickness also
contributes to the overall inventory of PCE since the inventory concentration is applied to the
entire source volume.

3.9.3 Summary of Key Results and Assumptions

e 99 percent of the realizations yielded peak PCE concentrations in the groundwater that were
less than the regulatory metric of 5 pg/L. The majority of the realizations showed that the
peak PCE groundwater concentration occurred within 100 years.

e Uncertainty in the PCE adsorption coefficient, half-life, inventory concentration, source
thickness, and cover thickness were found to be significantly correlated to the simulated
groundwater concentrations.

Key Assumptions:

e 1-D model: maximum transport to groundwater
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4. Recommended Triggers for Long-Term Monitoring

The NMED?’s Class 3 permit modification (NMED, May 2005) requires that the MWL CMI Plan
include triggers for future action that identify and detail specific monitoring results that will
require additional testing or the implementation of an additional or different remedy. Based on
the results of the probabilistic performance-assessment modeling for the MWL, the following
parameters were identified as important for meeting the performance metrics:

e Surface emissions of tritium and radon

e Infiltration through the MWL cover

e Concentrations of uranium in groundwater
e Concentrations of VOCs in groundwater

Monitoring triggers are proposed for these parameters to ensure that the MWL performance
metrics and corrective action objectives are met. The proposed triggers are based on EPA and
DOE regulatory standards, and are discussed in Section 4.2. A trigger evaluation process is
proposed in Section 4.1. This process will be initiated if a trigger is exceeded during long-term
monitoring at the MWL. The logic and rationale behind specific triggers are presented in
Section 4.2.

Additional details regarding long-term monitoring at the MWL will be presented in the MWL
Long Term Monitoring and Maintenance Plan. This plan will be submitted within 180 days
after the NMED’s approval of the MWL CMI Report. The plan will include all necessary
physical and institutional controls to be implemented in the future, and will also include
contingency procedures to be implemented if the MWL remedy fails to be protective of human
health and the environment.

4.1 Trigger Evaluation Process

A trigger evaluation process is recommended for the MWL during long-term monitoring
activities at the site. The process will be a phased approach designed to ensure the protection of
human health and the environment, while allowing adequate data collection to evaluate whether
corrective action is warranted. This process is based upon the “Conceptual Corrective Measure
Evaluation Process” proposed in the Post-Closure Care Plan for the CWL (SNL/NM September
2005).

In the event that a trigger level is exceeded, the process shown in Figure E-25 will be used to
ensure that adequate data are collected to determine whether additional corrective action is
warranted. The increased frequency of data collection proposed in the trigger evaluation process
(see Step 3 in Figure E-25 and the corresponding explanation on the reverse side of the figure)
will ensure that adequate data are collected to eliminate field sampling error, laboratory error, or
short-term exceedances that do not reflect long-term trends. Thus, any recommendations for
corrective action because of trigger exceedances will be based upon data trends rather than upon
single detection values above the trigger level. If data trends in the monitored parameters
indicate an established trend above the proposed trigger value, the process requires that a
technical letter report be submitted to the NMED recommending whether or not corrective action
should be implemented.
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The steps outlined in Figure E-25 are explained below:

1. Long-term monitoring of the air, surface soil, vadose zone, and groundwater at
the MWL.

2.  Exceedance of one or more trigger levels initiates the specific actions
described below.

3.  Step A of the evaluation process initiates resampling to verify the result(s) that
exceeded the trigger level. Step B is based upon the conceptual model for the
MWL. If the trigger exceedance is verified, the NMED will be notified and the
frequency of subsequent sampling will be negotiated with the NMED. Because
infiltration through the MWL cover is expected to be very low, and contaminant
transport times in the vadose zone and groundwater are anticipated to be
relatively slow, a longer period for data collection at an increased sampling
frequency is recommended to determine trends. The length of this period and
the increased sampling frequency will be negotiated with the NMED. Once the
increased sampling data have been collected, the data and any resulting
trends will be evaluated to determine the significance of the exceedance
(Step C).

4.  After the resulting trends have been evaluated, a brief technical letter report
will be prepared and submitted to the NMED within three months of receiving
the final data set that summarizes the trigger exceedance(s), presents the
results of the increased monitoring, and provides recommendations regarding
corrective action.

5.  NMED Decision Point: after the technical letter report is submitted to the
NMED, a meeting will be held to discuss the data evaluation and the
recommendations regarding corrective action.

6. If the data trend is increasing and higher than the proposed trigger value,
corrective action may be necessary. The technical letter report will address
appropriate options and form the basis for further discussion with NMED to
determine the final corrective action.

7. If the data trend is not clear or is decreasing, corrective action may not be

necessary, but other actions may be required as proposed in the technical
letter report or requested by the NMED.
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4.2 Proposed Triggers

Based on the results of the probabilistic performance-assessment modeling conducted for the
MWL, monitoring triggers are proposed for the air, surface soil, vadose zone, and groundwater at
the MWL. These triggers are presented in Table E-6, and are discussed below.

4.2.1 Surface Soil and Air Monitoring Triggers

Proposed surface soil and air monitoring triggers include a trigger for tritium concentrations in
soil collected at select locations along the MWL perimeter, and a trigger for radon emissions
from the MWL.

4211 Tritium

Tritium is the most mobile radionuclide disposed of at the MWL, and the performance-
assessment modeling indicates that there is a possibility that tritium emitted from the MWL may
exceed the performance objective of 10 mrem/yr dose to the public via the air pathway. For this
reason, a trigger is proposed for tritium emitted from the MWL. Figure E-12 shows that the
simulated peak tritium dose via air exceeded the performance objective in only 2 percent of the
realizations. Figure E-6 reveals that the maximum simulated surface concentration of tritium for
the realizations that yielded the peak doses via air are on the order of 10° to 1010 pCi/L.
Therefore, we propose a conservative trigger value of 20,000 pCi/L in surface soils at the MWL
perimeter.

The proposed tritium trigger would apply to surface soil samples currently collected annually at
select locations along the MWL perimeter by Sandia’s Environmental Monitoring group. Soil
samples have been collected from these locations and analyzed for tritium on an annual basis
since 1985. Soil moisture is extracted from these samples, and tritium concentrations in the soil
moisture are determined using liquid scintillation. Any increase in tritium emissions from the
MWL would be indicated by elevated tritium concentrations in these soil samples.

Figure E-26 shows a comparison between historical tritium concentrations measured in samples
from the four perimeter locations, and the proposed trigger value of 20,000 pCi/L. All
exceedances of the trigger value occurred prior to 1998, and exceedances are not anticipated in
the future due to radioactive decay and the relatively short (12.3-year) half-life of tritium. If
measured concentrations of tritium at the surface exceed 20,000 pCi/L, this would indicate a
significant increase relative to present-day values, and the trigger evaluation process

(Figure E-25) would be followed. Because the proposed trigger value is 4 to 5 orders of
magnitude less than simulated concentrations that yielded exceedances in the dose via air, the
proposed trigger value serves as a conservative early-warning indicator for potential exceedances
of tritium dose via air.
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Table E-6
Proposed Monitoring Triggers for the MWL

Trigger Parameter Medium Proposed Point of Performance Applicable
Trigger Value Compliance Objective Regulation
Tritium Soll 20,000 pCi/L MWL Perimeter | Dose to the public DOE Order
tritium in soil via the air pathway 5400.5,
moisture at shall be less than 10 CFR 61
Environmental 10 mrem/yr Subpart H,
Monitoring 40 CFR 141.66
locations along
MWL perimeter
Radon Air 4 pCi/L MWL Perimeter | Average flux of EPA Action
(measured by radon-222 gas shall Threshold for
Track-Etch radon be less than radon in air
detectors) 20 pCi/m?/s at the (EPA 2005)
landfill surface
(design standard)
Infiltration Vadose | 25 percent Linear depths of | Infiltration through RCRA 40 CFR
Zone volumetric 10 ft to 100 ft the cover shall be Part 264.301
moisture content | along neutron less than the EPA-
in vadose zone probe access prescribed technical
beneath the holes beneath equivalence criterion
MWL the MWL of 31.5 mml/yr
(measured by [10E-7 cm/s]
neutron probe)
Uranium Ground | 15 ug/L Downgradient Uranium EPA Primary
water monitoring well concentrations in Drinking Water
locations groundwater shall Standard
not exceed the EPA
MCL of 30 ng/L
1,1,1-Trichloroethane | Ground | 100 pg/L Downgradient VOC concentrations | EPA Primary
(1,1,1-TCA) water monitoring well in groundwater shall | Drinking Water
locations not exceed EPA Standard
MCLs
1,1-Dichloroethene Ground | 3.5 ug/L Downgradient VOC concentrations | EPA Primary
water monitoring well in groundwater shall | Drinking Water
locations not exceed EPA Standard
MCLs
Benzene Ground | 2.5 ug/L Downgradient VOC concentrations | EPA Primary
water monitoring well in groundwater shall | Drinking Water
locations not exceed EPA Standard
MCLs
Ethyl benzene Ground | 350 pg/L Downgradient VOC concentrations | EPA Primary
water monitoring well in groundwater shall | Drinking Water
locations not exceed EPA Standard
MCLs
Methylene chloride Ground | 2.5 pg/L Downgradient VOC concentrations | EPA Primary
water monitoring well in groundwater shall | Drinking Water
locations not exceed EPA Standard
MCLs
Refer to footnotes at end of table.
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Table E-6 (Continued)

Proposed Monitoring Triggers for the MWL

Trigger Parameter Medium Proposed Point of Performance Applicable
Trigger Value Compliance Objective Regulation
Styrene Ground | 50 pg/L Downgradient VOC concentrations | EPA Primary
water monitoring well in groundwater shall | Drinking Water
locations not exceed EPA Standard
MCLs
Tetrachloroethene Ground | 2.5 pg/L Downgradient VOC concentrations | EPA Primary
(PCE) water monitoring well in groundwater shall | Drinking Water
locations not exceed EPA Standard
MCLs
Toluene Ground | 500 ug/L Downgradient VOC concentrations | EPA Primary
water monitoring well in groundwater shall | Drinking Water
locations not exceed EPA Standard
MCLs
Trichloroethene Ground | 2.5 pg/L Downgradient VOC concentrations | EPA Primary
(TCE) water monitoring well in groundwater shall | Drinking Water
locations not exceed EPA Standard
MCLs
Xylenes (Total) Ground | 5,000 pg/L Downgradient VOC concentrations | EPA Primary
water monitoring well in groundwater shall | Drinking Water
locations not exceed EPA Standard
MCLs
CFR = Code of Federal Regulations.
cm = Centimeter(s).
DOE = U.S. Department of Energy.
EPA = U.S. Environmental Protection Agency.
ft = Foot (feet).
L = Liter(s).
m = Meter(s).
m? = Square meter(s).
ug = Microgram(s).
MCL = Maximum contaminant level.
mm = Millimeter(s).
mrem = Millirem.
MWL = Mixed Waste Landfill.
pCi = Picocurie(s).
RCRA = Resource Conservation and Recovery Act.
S = Second(s).
TCA = Trichloroethane.
VOC = Volatile organic compound.
yr = Year(s).
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42.1.2 Radon

A trigger for radon is also recommended based on the results of the probabilistic performance-
assessment modeling. The modeling indicates that there is a possibility that the radon-222 flux
from the MWL to the atmosphere will exceed the design standard of 20 pCi/m?/s at the landfill
surface. Commercially-available Track-Etch radon detectors are recommended to measure the
radon concentration in air along the MWL perimeter. These detectors provide an integrated
average concentration of radon in air over long exposure periods, on the order of 3 to 6 months.
The alternative monitoring detectors, charcoal canisters, are useful only for short exposure
periods, on the order of a few days.

The proposed trigger for radon in air is 4 pCi/L, and the proposed point of compliance is the
MWL perimeter. The 4 pCi/L value is the EPA “action threshold” for radon in household air
(EPA 2005). This proposed value is much lower than the simulated radon-gas concentrations
(greater than 10,000 pCi/L) at the surface of the MWL that yielded fluxes that exceeded the
design standard of 20 pCi/mz/s. Should the radon trigger of 4 pCi/L be exceeded in air at the
MWL point of compliance, then the trigger evaluation process shown in Figure E-25 will be
implemented. Additional details regarding long-term monitoring of radon at the MWL will be
presented in the MWL Long Term Monitoring and Maintenance Plan.

4.2.2 Vadose Zone Monitoring Triggers

Vadose zone monitoring is planned for the MWL to provide early evidence of potential threats to
groundwater, and to allow corrective action to be initiated before groundwater contamination
occurs. The vadose zone beneath the MWL extends nearly 500 ft from ground surface to
groundwater, and long-term vadose zone monitoring should ensure that the MWL remedy
remains protective of human health and the environment.
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The proposed MWL remedy will include a shallow vadose-zone monitoring system deployed
directly beneath the landfill. The system consists of three neutron probe access holes drilled to a
linear depth of 200 ft at a 30 degree angle directly below the waste disposal cells. The shallow
vadose zone monitoring system will function as an “early warning system.” Early detection of a
potential threat to groundwater will allow corrective action to be initiated before significant
contaminant migration occurs.

The shallow vadose-zone monitoring system will be monitored regularly after deployment of the
MWL cover. The frequency and duration of long-term monitoring will be established in
consultation with the NMED and documented in the MWL Long-Term Monitoring and
Maintenance Plan.

4221 Moisture Content

Infiltration through the MWL disposal cell cover is an important parameter for determining
whether or not MWL performance objectives are met. Infiltration through the MWL cover will
be indirectly monitored through long-term monitoring of moisture content in the vadose zone
beneath the MWL. A significant increase in moisture content beneath the landfill may indicate
that the disposal cell cover may not be performing as originally designed, and that infiltration
through the cover is greater than originally predicted.

Moisture contents will be measured using neutron logging, and data will be compared to baseline
moisture content data collected prior to deployment of the MWL cover. A significant increase in
moisture content within the vadose zone may indicate that corrective action is warranted in order
to prevent the downward movement of liquid water through the disposal cell. Moisture content
data will be evaluated to ensure that the performance objective of infiltration through the MWL
cover is less than the EPA-prescribed technical equivalence criteria of 10-7 cm/s (31.5 mm/yr), as
detailed below.

Infiltration may be estimated indirectly using Darcy’s Law. The method is based on soil-physics
and the relationship between unsaturated hydraulic conductivity and volumetric moisture content
of subsurface soils. The method is described in detail in the MWL Phase 2 RFI SAND Report
(Peace et al. 2002). Assumptions required for this method include one-dimensional, steady-state
flow, a vertical hydraulic gradient of unity, and the assumption that the downward flux of water
beneath the root zone will eventually reach groundwater.

If one applies these assumptions, then the downward flux at a particular depth is equivalent to
the unsaturated hydraulic conductivity as a function of the moisture content at that depth. Thus,
by monitoring the moisture content of the vadose zone beneath the MWL, one can also indirectly
monitor the downward flux through the vadose zone. If infiltration through the cover increases
significantly, than the downward flux through the vadose zone would increase as well, resulting
in higher moisture content in the vadose zone beneath the landfill. Hence, by monitoring
moisture content in the vadose zone, one can indirectly monitor the performance of the MWL
cover. A significant increase in moisture content beneath the MWL may indicate that the cover
is not performing as designed.
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Figure 5-19 in Peace and Goering (2005) shows the calculated soil moisture characteristic and
unsaturated hydraulic conductivity curves for 18 subsurface soil samples collected from the
Instantaneous Profile Test site, located approximately 500 ft west of the MWL. Based on this
figure, and assuming a unit gradient in the vadose zone, if infiltration through the MWL cover
exceeds the EPA-prescribed technical equivalence criteria of 10-7 cm/s (31.5 mm/yr), then
volumetric moisture content in the underlying soils will exceed approximately 23 percent.

The recommended trigger level is the moisture content which corresponds to an unsaturated
hydraulic conductivity equal to the EPA-prescribed technical equivalence criteria of 10-7 cm/s
(31.5 mm/yr). The moisture content at which this occurs is 23 percent by volume. However,
because the accuracy of the neutron logging tool is plus or minus 2 percent volumetric moisture
content, this value will be added to the 23 percent value to ensure that readings at this level are
not false positive interpretations. The proposed trigger level for moisture content in the vadose
zone is, therefore, 25 percent by volume. This value is based arbitrarily on the EPA-prescribed
technical equivalence criteria, and does not necessarily indicate that hazardous constituents or
radionuclides are migrating from the landfill.

The 25-percent trigger is proposed for linear depths of 10 ft to 100 ft (vertical depths of 8.7 ft to
86.6 ft) along the neutron probe access holes in the vadose zone beneath the MWL. This interval
is proposed as the “regulated interval” because it lies beneath the root zone, and yet is shallow
enough that a response would be detected fairly rapidly if there is a significant increase in
infiltration through the cover. Should this 25-percent trigger level be exceeded in the regulated
interval, then the process shown in Figure E-25 will be implemented. Additional details
regarding vadose zone monitoring at the MWL will be presented in the MWL Long Term
Monitoring and Maintenance Plan.

4.2.3 Groundwater Monitoring Triggers

Based on the results of the probabilistic performance-assessment modeling, monitoring triggers
are proposed for uranium and select VOCs in groundwater at the MWL. These proposed triggers
are discussed below.

4231 Uranium

Uranium occurs naturally in MWL groundwater at concentrations ranging from 1.34 to

9.23 ug/L, and averaging 5.97 ug/L. Total uranium concentrations in groundwater beneath the
MWL are well within the total uranium ranges established by the USGS for the Middle Rio
Grande Basin (USGS 2002). Isotopic analyses of uranium have demonstrated that it is of natural
origin (Goering et al. 2002).

The probabilistic performance-assessment modeling for the MWL indicates that there is a
possibility that uranium will reach the groundwater (although none of the simulations showed the
uranium concentrations exceeding the regulatory metric of 30 ug/L). For this reason, a
monitoring trigger of 15 ug/L (one-half of the EPA MCL) is proposed for uranium in MWL
groundwater at the point of compliance. The proposed point of compliance is at the
downgradient monitoring wells. Should the uranium trigger value be exceeded in MWL
groundwater at the point of compliance, then the trigger evaluation process shown in Figure E-25
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will be implemented. Additional details regarding long-term monitoring of uranium in
groundwater will be presented in the MWL Long Term Monitoring and Maintenance Plan.

4232 VOC Triggers for Groundwater

VOCs are the most mobile of the hazardous constituents detected in soils beneath the MWL.
Two passive and three active soil-gas surveys at the MWL have shown the presence of low
concentrations of VOCs in soil gas (Phase 2 RFI SAND Report). In addition, low concentrations
of VOCs were detected in a 1993 study of VOC and tritium fluxes to the atmosphere from MWL
soils (Radian Corp. 1994). Low concentrations of VOCs were also detected in subsurface soil
samples collected from boreholes drilled during the MWL Phase 2 RFI.

The potential downward vertical transport of six organic compounds to groundwater by both
aqueous-phase transport and vapor-phase transport was evaluated in 1995 (Klavetter 1995). The
study showed that PCE could eventually migrate to groundwater through vapor-phase transport.
Although the modeling predicted that the most likely PCE concentrations in groundwater would be
considerably lower than the detection limit of 0.5 ppb, sensitivity analyses suggested that PCE
concentrations could potentially reach 1 to 5 ppb within 50 years (Klavetter 1995a).

The current probabilistic performance-assessment modeling also simulated the migration of PCE
to groundwater and arrived at similar conclusions regarding the potential contamination of
groundwater by PCE through vapor-phase transport. Because PCE was modeled in this study as
a proxy for other VOCs detected in soil gas and in soils beneath the MWL, there is a potential
for other VOCs from the MWL to also migrate to groundwater in the future. For this reason,
continued groundwater monitoring for VOCs at the MWL is recommended.

Groundwater trigger levels are proposed for all Target Compound List VOCs for which there are
primary EPA MCLs, and for which detections occurred in either soil gas samples or in borehole
soil samples during the Phase 2 RFI. Table E-7 lists VOCs with primary EPA MCLs, and the
media in which they were detected during the Phase 2 RFI. The proposed groundwater trigger
levels for VOCs detected during the Phase 2 RFI are equal to one-half of the EPA MCLs. The
proposed point of compliance is the downgradient monitoring wells. Should any VOC trigger
values be exceeded in MWL groundwater at the point of compliance, then the trigger evaluation
process shown in Figure E-25 will be implemented. Additional details regarding long-term
monitoring of VOCs in groundwater will be presented in the MWL Long Term Monitoring and
Maintenance Plan.

4.3 Summary of Recommended Triggers

Based on the results of the probabilistic performance-assessment modeling conducted for the
MWL, monitoring triggers have been proposed for the air, surface soil, vadose zone, and
groundwater at the MWL. Specific triggers include numerical values for radon concentrations in
the air, tritium concentrations in surface soil, moisture content in the vadose zone, and uranium
and select VOC concentrations in groundwater (Table E-6). The proposed triggers are based on
EPA and DOE regulatory standards. If a trigger is exceeded, then Sandia Corporation/DOE will
initiate a trigger evaluation process which will allow sufficient data to be collected to assess
trends and recommend corrective action, if necessary.
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Table E-7
List of Target VOCs and Their Detections in Soil Gas and Borehole Soil Samples During

the Phase 2 RFI

EPA | O ave | Active Sofl | in magians | Borehole | o, Trigger
voc MCL Soil Gas Gas " F?u;(an Soil Proposed for
(ng/L) Samples? Samples? Survey? Samples? Groundwater?
(Tl”‘ihlo;‘g;‘a”e 200 X X X Yes
1,1,2-Trichloroethane 5.0 No
1,1-Dichloroethene 7.0 X Yes
1,2-Dichloroethane 5.0 No
1,2-Dichloropropane 5.0 No
Benzene 5.0 X Yes
Carbon tetrachloride 5.0 No
Chlorobenzene 100 No
Ethyl benzene 700 X Yes
Methylene chloride 5.0 X X Yes
Styrene 100 X Yes
Tetrachloroethene (PCE) 5.0 X X X X Yes
Toluene 1,000 X X X Yes
Trichloroethene (TCE) 5.0 X X X X Yes
Vinyl chloride 2.0 No
Xylenes (Total) 10,000 X X Yes
cis-1,2-Dichloroethene 70 No
trans-1,2-Dichloroethene 100 No

a0ctober 1993 Survey (Radian Corp. 1993).

EPA = U.S. Environmental Protection Agency.
MCL = Maximum contaminant level.

ng/L = Microgram(s) per liter.

RCRA = Resource Conservation and Recovery Act.
RFI = RCRA Facility Investigation.

VOC = Volatile organic compound.

By utilizing these triggers during long-term monitoring at the MWL, Sandia Corporation/DOE

will ensure that the MWL remedy continues to protect human health and the environment, while
meeting the performance objectives for the cover and the corrective action objectives established
in the MWL Corrective Measures Study (SNL/NM May 2003).
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5. Summary and Conclusions

A probabilistic performance assessment has been conducted to evaluate the fate and transport of
contaminants of concern at the MWL. The contaminants that were simulated include
radionuclides (amercium-241, cesium-137, cobalt-60, plutonium-238, plutonium-239,
radium-226, radon-222, strontium-90, thorium-232, tritium, and uranium-238), heavy metals
(lead and cadmium), and a VOC (PCE). The current analysis differs from previous analyses in
several ways: (1) probabilistic analyses* were performed to quantify uncertainties inherent in the
system and models; (2) a comprehensive analysis of the performance of the MWL was evaluated
and compared against relevant regulatory metrics; (3) sensitivity analyses were performed to
identify parameters and processes that were most important to the simulated performance
metrics; and (4) long-term monitoring requirements and triggers were recommended based on
the results of the quantified uncertainty and sensitivity analyses. The key results of this study are
summarized below:

5.1 Infiltration through the Cover:

e Net infiltration through the engineered cover at the MWL was simulated to be less than the
regulatory metric of 107 cm/s for all conditions and scenarios.

e Predicted average infiltration rates through the MWL cover are expected to range from
1.18 x 109 cm/s for present conditions to 6.12 x 10-° cm/s for future conditions. These values
were used in a uniform distribution for the performance-assessment simulations.

e To ensure that future infiltration rates will not exceed the regulatory metric of 107 cm/s, the
moisture content of the vadose zone will be monitored. Based on the site-specific two-phase
characteristic curves of the soil, a moisture content of 25 percent will be used as a trigger to
indicate if the infiltration metric is exceeded.

5.2 Release of Radionuclides to the Atmosphere:

e A small percentage (2 percent) of the simulated dose due to exposure to tritium via the air
pathway exceeded the regulatory metric of 10 mrem/yr.

e Parameters impacting tritium diffusion through both the liquid and gas phases (e.g.,
tortuosity coefficient, moisture content, cover thickness, atmospheric boundary-layer
thickness) were found to be important to the simulated inhalation dose.

e Sensitivity studies show that the emanation factor, which depends on the integrity of the
radium-226 containment, is important to the performance of the landfill with regard to
surface radon fluxes.

4 One hundred realizations were used in the probabilistic analyses. A preliminary comparison between the results
of 100 versus 200 realizations revealed that the output distribution was adequately represented by 100 realizations.
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For a maximum radon emanation factor of 0.01 (1 percent of the radium-226 containers fail),
the simulated radon surface fluxes exceed the design standard of 20 pCi/m2/s in about

3 percent of the realizations. For a maximum radon emanation factor of 1 (100 percent of the
radium-226 containers fail), the simulated radon surface fluxes exceed the design standard in
about 30 percent of the realizations.

Based on these results, both radon and tritium concentrations are recommended to be
monitored at the surface of the MWL in the future. Specific triggers are identified in
Table E-6.

5.3 Release of Radionuclides to the Groundwater:

None of the radionuclides were simulated to reach the groundwater within 1,000 years for all
realizations.

Only uranium-238 (and some of its decay products) were simulated to reach the water table
for extended periods (greater than 10,000 years). All peak aquifer concentrations were still
less than the EPA regulatory metric of 30 ug/L.

Infiltration rate was found to be the most significant parameter impacting the variability in
the simulated groundwater concentrations and dose via groundwater. Uranium groundwater
concentrations were simulated to exceed the regulatory metric of 30 pg/L if the infiltration
increased two orders of magnitude above the maximum stochastic value to 6.12 x 10-° m/s.

Uranium in the groundwater will be monitored in the future and a trigger value of 15 ug/L,
equal to one-half of the EPA MCL in drinking water, will be implemented.

54 Release of Heavy Metals to the Groundwater:

Neither lead nor cadmium were simulated to reach the groundwater in 1,000 years (or
extended periods past 10,000 years)

Additional increases in infiltration (3 to 4 orders of magnitude over expected maximum
infiltration rates) allowed cadmium and lead to reach the groundwater in 1,000 years.

No triggers are recommended for lead or cadmium in groundwater at this time.

55 Release of VOCs to the Groundwater:

Only 1 percent of the realizations yielded peak PCE concentrations in the groundwater that
exceeded the regulatory metric of 5 ug/L. The majority of the realizations showed that the
peak PCE groundwater concentration occurred within 100 years.

Uncertainty in the PCE adsorption coefficient, half-life (degradation), inventory
concentration, source thickness, and cover thickness were found to be significantly correlated
to the simulated groundwater concentrations.
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e Based on these results, PCE and other VOCs are recommended to be monitored in the
groundwater at the MWL in the future (Table E-6). Trigger values will be based on values
equal to one-half of the EPA MCLs in drinking water.

Key Assumptions:

e Receptor located adjacent to MWL

o0 Tritium dose caused by continuous inhalation and exposure of tritium flux directly above
MWL.

o Groundwater dose calculated based on concentrations in aquifer directly beneath MWL.
Water intake assumed to be 10 L/day (five times EPA standard of 2 L/day for drinking
water).

e Maximum waste inventory set equal to twice estimated values based on historical records.

e Sealed sources of radium-226 allowed to degrade in 1,000 years (emanation factor for
radon-222 allowed to increase).

e Cover allowed to completely erode in 1,000 years.
e 1-D model: yields maximum transport to surface and groundwater.

e Bounding tortuosity coefficients: yields maximum diffusion rates.
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ATTACHMENT E1
DERIVATION OF A STEADY-STATE GAS AND
LIQUID-PHASE RADON TRANSPORT MODEL

A steady-state radon transport model is derived here to account for advection in the liquid phase,
diffusion in both the liquid and gas phases, and decay of radon-222. Because radium-226, which
is the source of radon-222, has a half-life of 1,600 years, we assume steady-state conditions (e.g.,
the source of radon-222 is constant and the resulting long-term radon-222 concentration profile
does not change with time). Assuming steady-state conditions is conservative because the
radon-222 concentration profile is assumed to develop instantaneously.

We define three regions in the model: (1) a clean overburden (or cover) free of radium-226 that
extends to a depth, L, beneath the surface; (2) a contaminated source zone of radium-226 that
extends to a depth, L, from the surface; and (3) a vadose zone free of radium-226 that extends a
distance, L3, to the water table (Figure E-3). The radon-222 generated by the radium-226 is free
to diffuse and advect upward to the atmosphere and downward toward the water table.
Downward liquid advection also carries aqueous-phase radon toward the water table.
Partitioning of radon between the gas and liquid phases is assumed to occur instantaneously and
can be described by a liquid/gas partitioning coefficient, k (this is the inverse of Henry’s
constant, Ky). The steady-state governing equations for the transport of radon-222 in these two
regions is as follows:

4o

(Y] dzcél) O (p® @
DY~ —kg— - AC (9 +ko ):o (1)
eff X X [¢] w
d’xc®  dc® .
DY) —2——kg— - C{" (0% +ko®)+Q =0 )
eff X X g w
d’c®  dc®
D~k ~ACP (09 +ko®) =0 (3)
where D, = (1847 ARERGE) @
. ECiy A
Q= 226 226 (5)
SA,,,1000 V

where the superscripts (1), (2), and (3) denote the three regions shown in Figure E1-1, Cgy is the
radon gas-phase concentration [kg/m?3], x is the distance from the surface [m] (positive
downward), D is the effective diffusion coefficient [m2/s] for combined gas and aqueous phases
(Rogers et al., 1984), S, is the liquid saturation [-], k is the water/gas partitioning coefficient (i.e.,
water concentration/gas concentration) [-], q is the Darcy infiltration rate [m/s], A is the decay
coefficient for radon-222 and is calculated as In(2)/half-life [1/s], 64 and 0,, are the gas and
moisture volumetric contents, respectively, Q is the volumetric generation rate of radon-222
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Region 1: Cover or overburden L_l

Region 2: Radon-222 source :
(radium -226)

Region 3: Vadose zone

\V v

Figure E1-1 Conceptual Model of Three-Region Radon-Transport Model

[kg/m3/s], E is the emanation factor for radon-222 that accounts for containment of the
radium-226 (0 = complete containment; 1 = no containment), Ci, is the concentration of
radium-226 in curies, SAx is the specific activity of radium-226 [curies/gram], A2 is the decay
coefficient for radium-226 [1/s], and V is the total volume of the contaminated waste zone
(region 2). In this derivation, we assume local equilibrium between the gas and aqueous phases;
therefore, the equation can be expressed entirely in terms of the gas concentration, C4, and the
partitioning coefficient, k, is used to convert between the gas concentration and aqueous
concentration.

The boundary conditions for this system are as follows: (1) the radon concentration at the
surface in region 1 is zero (this is conservative because it creates the largest gradient for radon
flux to the atmosphere); (2) the radon concentration in region 1 is equal to the radon
concentration in region 2 at the interface of regions 1 and 2; (3) the radon flux in region 1
reaching the interface between regions 1 and 2 must be equal to the radon flux entering region 2;
(4) the radon concentration in region 2 is equal to the radon concentration in region 3 at the
interface of regions 2 and 3; (5) the radon flux in region 2 reaching the interface between regions
2 and 3 must be equal to the radon flux entering region 3; and (6) the radon concentration
infinitely far away from the source (as x— o) goes to zero. These boundary conditions can be
expressed as follows:

CH(x=0)=0 (6)
O(y = —C@(y =
Cg (X_Ls)_cg (X_Ls) (7)
CO(x=L)=CP(x=L,)
o 0| .
“dx “dx
x=Lg x=Lg
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CA(x=L,)=COx=L,)
CPx=L)=CP(x=L,)

(2) (3

I o

eff dX eff dX
x=Lg x=Lg

CO(x—o0) =0

9)

(10)

(11)

If we assume that the soil properties and hydrologic conditions are the same in all three regions,
the solutions to the ordinary differential equations (1) through (3) for the three regions can be

expressed as follows:

where
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Equations (12) through (24) yield the solutions for the gas concentrations in the three regions
defined in Figure E1-1. The aqueous concentration can be obtained by multiplying the gas
concentration at any location by the liquid/gas partition coefficient, k. The groundwater

concentration at the interface of the vadose zone and the water table, C¥ (L), can be expressed
as follows:

COL,) =kCO(L,) (25)

The upward flux of radon-222 gas at the surface, gs [kg/m?2/s] can be determined by evaluating
the gas-phase concentration gradient at the surface (region 1) using Fick’s Law:

dc®
g, =— _Deff :

dx

J =D Gy (- 1) (26)

x=0

The negative sign preceding the term in parentheses is to account for the positive downward
direction of x. Equation (26) is used to estimate the radon gas flux at the surface in the
performance assessment, and Equation (25) is used to determine the radon groundwater
concentration. The concentration and flux of radon can be converted to pCi/L and pCi/m?/s
using the specific activity of radon (Table E-2) and appropriate unit conversions.
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GENERAL NOTES

1 THE SUBGRADE GRADING PLAN SHONS THE CONTOURS FOR THE TOP
OF THE SUBGRADE.

. BORROW SITE FOR SUBGRADE FILL IS APPROXIMATELY 1.5 MILES SOUTH OF PROJECT
AREA.

~

[

. THE CONTRACTOR SHALL CLEAR GRUB PREPARE, AND COMPACT THE EXISTING LANDFILL
SURFACE PRIOR TO PLACEMENT OF THE BIOINTRUSION BARRIER LAYER. THE CONTRACTOR
SHALL MOISTEN THE SOIL TO APPROXIMATE OPTIMUM MOISTURE (+ OR - 27%) AND
COMPACT/PROOF ROLL THE SURFACE UTILIZING 1@ PASSES OF A ROLLER. DEPRESSIONS
THAT ARE FORMED WITH THE PROOF-ROLLING SHALL BE FILLED WITH MOISTENED, CLEAN
FILL, AND THE FILLED AREA RECOMPACTED WITH 10 PASSES OF THE ROLLER. THE ROLLER
SHALL HAVE A MINIMUM TOTAL BALLASTED WEIGHT OF 25 TONS AND A MINIMUM
PNEUMATIC TIRE PRESSURE OF 9@ PSL NO PROOF ROLLING SHALL BE ALLOWED WITHN A
2" RADIUS OF ANY WELL, MEASURING DEVICE, OR OTHER PLACED SURFACE AS DESIGNATED
BY THE OPERATOR AND/OR COA ENGINEER.

. SUBGRADE FILL SHALL BE OBTAINED FROM TA-3 BORROW PITS.FILL SHALL BE PLACED
IN'MAXIMUM B-INCH LOOSE  LIFTS TO ATTAIN MAXIMUM 6-INCH COMPACTED LIFT THICKNESS.
FILL SHALL BE COMPACTED TO NOT LESS THAN 90 PERCENT OF MAXIMUM DRY DENSITY AT
-2 T0 +2 PERCENT OF OPTIMUM MOISTURE CONTENT, AS DETERMINED BY ASTM D698
(STANDARD PROCTOR TESTING). SUBGRADE SHALL BE PLACED TO ACHEVE A CENTRAL
CROWN AND A UNIFORM 2 PERCENT GRADE. APPROXIMATELY 6500 CY OF FILL SHALL BE
REQUIRED FOR SUBGRADE.

ASSUMED SHRINKAGE FACTOR FOR FILL IS 25 PERCENT.

. CONTRACTOR SHALL SURVEY ELEVATIONS OF SUBGRADE TO MEET CONSTRUCTION
SPECIFICATIONS.

'S

o o

KEYED NOTES

(@D} IONS A-A, B-B, AND C-C ON PLATE 5 SHOW SUBGRADE AND FINAL GRADING

SECT
SECTIONS.

ESTIMATED BORROW QUANTITEES

cut 0.60 Cv
FILL 6,500 CY
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ADMINISTRATIVE FENCE
)

GENERAL NOTES

1L BORROW SITE FOR NATIVE SOIL LAYER FILL AND TOPSOIL LAYER IS APPROXIMATELY 1.5 MILES SOUTH OF
THE PROJECT AREA.

2. NATIVE SOIL LAYER FILL SHALL BE OBTAINED FROM TA-3 BORROW PITS. APPROXIMATELY 13,200
CUBIC YARDS OF FILL SHALL BE REQUIRED FOR THE NATIVE SOIL LAYER.FILL SHALL BE PLACED
IN MAXIMUM 8-INCH LOOSE LIFTS TO ATTAIN MAXIMUM 6-INCH COMPACTED LIFT THICKNESS. FILL SHALL
BE COMPACTED TO NOT LESS THAN 9@ PERCENT OF MAXIMUM DRY DENSITY AT -2 TO +2 PERCENT OF
OPTIMUM MOISTURE CONTENT, AS DETERMINED BY ASTM D698 (STANDARD PROCTOR TESTING). ANY GRADE
STAKES USED ON THE PROJECT SHALL BE REMOVED AND BACKFILLED WITH COVER MATERIAL TO MEET
CONSTRUCTION SPECIFICATIONS.

3. THE TOPSOIL LAYER SHALL BE PLACED IN A MAXIMUM 8-INCH LOOSE LIFT. THE TOPSOLL LAYER SHALL BE
MINIMALLY COMPACTED TO NOT LESS THAN 80 PERCENT AND NOT GREATER THAN 9@ PERCENT OF MAXIMUM
DRY DENSITY AT -2 TO +2 PERCENT OF OPTIMUM MOISTURE CONTENT, AS DETERMINED BY ASTM D698
(STANDARD PROCTOR TESTING). TOPSOIL SHALL BE ADMIXED 25 PERCENT BY VOLUME WITH 3/8-INCH CRUSHED
GRAVEL (ASTM D448, SIZE *8). APPROXIMATELY 3,900 CY WILL BE REQUIRED FOR THE TOPSQIL LAYER.

4. BIOINTRUSION LAYER MATERIALS: THE BIOINTRUSION BARRIER MATERIAL SHALL BE CONSTRUCTED USING A
GRADED ROCK RIPRAP.RIPRAP SIZE SHALL BE OF STONE SIZE SO THAT 5@ PERCENT OF THE PIECES, BY WEIGHT,
SHALL BE LARGER THAN THE D5@ SIZE(4"). THE WELL GRADED MATERIAL SHALL BE A MIXTURE COMPOSED

|
1
|
|
1
1
1
1
1
1
|
|
| [[]  SHALLON VADOSE ZONE NEUTRON PROBE ACCESS HOLES PRIMARILY OF LARGER STONE SIZES BUT WITH A SUFFICENT MIXTURE OF OTHER SIZES TO FILL THE SMALLER
| VOIS BETWEEN THE STONES. THE DIAMETER OF THE LARGEST STONE SIZE IN SUCH A MIXTURE SHALL BE 6°
SURFACE LOCATION MEASURED (1.5 TIMES) THE D50 SIZE OF 4", THE THICKNESS OF THE BIOINTRUSION BARRER MATERIAL LAYER SHALL BE
: HOLE X Y DEPTH (FT) | ANGLE | AZIMUTH A MINIMUM OF 1" AND A MAXIMUM OF 1.25'.
1 4164655 | 152792603 200 300 | 90° THE BIOINTRUSION LAYER SHALL BE OBTAINED FROM A LOCAL SUPPLIER AND STOCKPILED SOUTH OF THE SITE
1 > 10665 | Hs2991693 20 w0 | e BY THE OPERATOR FOR THE CONTRACTOR'S USE.
" .
\ 3 amaL3ss | 52901054 200 300 | 270°
| KEYED NOTES
: (1) THE FINAL COVER CONTOURS INDICATE TOP OF THE FINAL COVER.
1 (2D CONTRACTOR SHALL INSTALL AN ADMINISTRATIVE FENCE AROUND PERIMETER OF CONSTRUCTED
1 LANDFILL COVER. ADMINISTRATIVE FENCE SHALL BE CONSTRUCTED ACCORDING TO DETAIL D, PLATE 6.
! (3D CONTRACTOR SHALL CONSTRUCT A DRAINAGE SWALE N ACCORDANCE WITH DETAIL C,PLATE 6.
1 DRAINAGE SWALE SHALL BE CONSTRUCTED TO ENSURE POSITIVE DRAINAGE USING
1 ELEVATIONS SHOWN ON THIS PLAN AS A GENERAL GUIDE.
|
BE § SURFACE PROJE,
I OF MW-4
| SEEDING PLAN
1
L SEEDING SHALL COMPLY WITH CONSTRUCTION SPECIFICATION ©233@, RECLAMATION SEEDING AND MULCHING.
CENTERLINE OF DRAINAGE SWALE
/f NOTEC3 D) 2. THE FOLLOWNG SEED MX SHALL BE USED FOR SEEDING OF THE FINAL GRADE.BORROW LOCATION,
LAYDOWN AREAS, AND OTHER LOCATIONS IMPACTED BY CONSTRUCTION ACTIVITIES:
SEEDING RATE
’ PURE LIVE SEED
| SEED SPECES (POUNDS PER_ACRE)
N\ | N\
BLACK GRAMA 6.0
M I M GALLETA GRASS 8.0
s 3 RING MUHLY 3.0
1 K SPKE DROPSEED 3.0
N I X=4101.33
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| 1 1:5386.51
| |
| |
200"
+ ESTIMATED BORROW QUANTITES
| TOPSOIL LAYER 3300 CY
I BIOINTRUSION LAYER 4300 CY
X=41935.85 NATIVE SOIL LAYER 18,200 CY
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KEYED NOTES

INCLUDING HINGES, FORK LATCH, & CANE BOTTOM BOLT.

ADMINISTRATIVE CONTROL FENCE AND GATE

/D DETAIL
_a [ <D

/

. > #4 REINFORCEMENT
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MW-4

\
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PLAN
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D
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D
6 OR FLATTER
CATCH POINT 1
(FINAL COVER TO © OR FLATTER
EXISTING GROUND)
GRADE TO EXISTING GROUND
T . NTS
4 6
TWISTED SUPPORT WIRE
ATTATCH TO HORIZONTAL WIRE
f———s5-0' SIGN DETAIL
» CORNERS / L1 R
TRUSS ROD e 1 ¥ i J 6
%" MIN. : L
7y L~ 1
GROUND : s
% N
T m >
CORNER BRACE POST I H]H 6' STEEL T-POST
LL SET IN CONCRETE 2'IN. GROUND
TEE POST
1/5 GALV. PIPE RAIL ¥ GA. GALV. FABRIC *9 GA. GALV.
W/ END FITTINGS 2""x4" MESH OPENING CROSSWIRES
o
' 1 i . <)
i h T
i i,
GROUND i \:u)
) il
& ST N TSR [
H]H I o|3 ROD & TURNBUCKLE |||| HH
[
ZVZHX 6'-0"
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ATTACH TO FENCE WITH
NO. 8 WIRE AT 90’ 0.C.

CONCRETE SHALL HAVE A MINIMUM F'c OF 300@ P.S..

SOIL DIRECTLY BELOW CONCRETE PADS SHALL BE COMPACTED TO NOT LESS THAN 90
PERCENT OF MAXIMUM DRY DENSITY AT -2 TO +2 PERCENT QOF OPTIMUM MOISTURE
CONTENT, AS DETERMINED BY ASTM D698 (STANDARD PROCTOR TESTING).

THE CONTRACTOR SHALL CLEAR GRUB PREPARE, AND COMPACT THE EXISTING LANDFILL
SURFACE PRIOR TO PLACEMENT OF THE BIOINTRUSION BARRIER LAYER. THE CONTRACTOR
SHALL MOISTEN THE SOIL TO APPROXIMATE OPTIMUM MOISTURE (+ OR - 27) AND
COMPACT/PROOF ROLL THE SURFACE UTILIZING 10 PASSES OF A ROLLER. DEPRESSIONS
THAT ARE FORMED WITH THE PROOF-ROLLING SHALL BE FILLED WITH MOISTENED, CLEAN
FILL, AND THE FILLED AREA RECOMPACTED WITH 1@ PASSES OF THE ROLLER. THE ROLLER
SHALL HAVE A MINMUM TOTAL BALLASTED WEIGHT OF 25 TONS AND A MINMUM
PNEUMATIC TIRE PRESSURE OF 90 PSI.NO PROOF ROLLING SHALL BE ALLOWED WITHN A
2" RADIUS OF ANY WELL, MEASURING DEVICE, OR OTHER PLACED SURFACE AS DESIGNATED
BY THE OPERATOR AND/OR CQA ENGINEER.

SUBGRADE FILL SHALL BE PLACED IN MAXIMUM 8-INCH LOOSE LIFTS TO ATTAIN MAXIMUM
6-INCH COMPACTED LIFT THICKNESS. SUBGRADE FILL SHALL BE COMPACTED TO NOT LESS
THAN 90 PERCENT OF MAXIMUM DRY DENSITY AT -2 TO +2 PERCENT OF OPTIMUM
MOISTURE  CONTENT, AS DETERMINED BY ASTM D698 (STANDARD PROCTOR TESTING).

BIOINTRUSION LAYER MATERIALS: THE BIOINTRUSION BARRER MATERIAL SHALL BE
CONSTRUCTED USING A GRADED ROCK RIPRAP,RIPRAP SIZE SHALL BE OF STONE SIZE SO
THAT 5@ PERCENT OF THE PIECES, BY WEIGHT, SHALL BE LARGER THAN THE D5@ SIZE(4").
THE WELL GRADED MATERIAL SHALL BE A MIXTURE COMPOSED PRIMARILY OF LARGER
STONE SIZES BUT WITH A SUFFICIENT MIXTURE OF OTHER SIZES TO FILL THE SMALLER
VOIDS BETWEEN THE STONES. THE DIAMETER OF THE LARGEST STONE SIZE IN SUCH A
MIXTURE SHALL BE 6" (1.5 TIMES) THE D50 SIZE OF 4°. THE THICKNESS OF THE
BIOINTRUSION BARRIER MATERIAL LAYER SHALL BE A MININUM OF 1°AND A MAXIMUM

1.25".

THE BIOINTRUSION LAYER SHALL BE OBTAINED FROM A LOCAL SUPPLIER AND STOCKPILED
SOUTH OF THE SITE BY THE OPERATOR FOR THE CONTRACTOR'S USE.

THE NATIVE SOIL LAYER SHALL BE PLACED IN MAXIMUM 8-INCH LOOSE LIFTS TO ATTAIN
MAXIMUM 6-INCH COMPACTED LIFT THICKNESS. NATIVE SOIL LAYER SHALL BE COMPACTED
TO NOT LESS THAN 90 PERCENT OF MAXIMUM DRY DENSITY AT -2 TQO +2 PERCENT OF
OPTIMUM MOISTURE CONTENT, AS DETERMINED BY ASTM D698 (STANDARD PROCTOR
TESTING).

THE TOPSOIL LAYER SHALL BE PLACED IN A MAXIMUM 8-INCH LOOSE LIFT. THE TOPSOIL
LAYER SHALL BE MINMALLY COMPACTED TO NOT LESS THAN 80 PERCENT AND NOT
GREATER THAN 9@ PERCENT OF MAXIMUM DRY DENSITY AT -2 TO +2 PERCENT OF
OPTIMUM MOISTURE CONTENT, AS DETERMINED BY ASTM D698 (STANDARD PROCTOR
TESTING). TOPSOIL SHALL BE ADMIXED 25 PERCENT BY VOLUME WITH 3/8-INCH CRUSHED
GRAVEL (ASTM D448, SIZE *8). APPROXIMATELY 3,700 CY WILL BE REQUIRED FOR THE
TOPSOIL LAYER.

ADMINISTRATIVE CONTROL FENCE SHALL BE STRAND BARBED WIRE WITH TEE-POSTS
DRIVEN INTO THE GROUND AND STEEL CORNER POSTS SET IN CONCRETE.GATE SHALL
BE A TUBULAR STEEL GALVANIZED GATE, 2 INCH DIAMETER, 4@ INCHES IN HEIGHT. ALL
END AND CORNER POSTS SHALL BE BRACED BY MEANS OF DIAGONAL TRUSS RODS.
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