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Outline

Case studies will be included throughout the presentation to illustrate key points
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What is the presentation about? Why should you listen over the next hour?

How can RPMs benefit from this information?

Answers: The goal is to provide Navy RPMs with information about alternative 
endpoints and other approaches, including when to consider them and why. 

We are talking about a small subset of sites where the conditions are highly 
complex and there are significant challenges or limitations to meeting groundwater 
cleanup requirements. State of knowledge summary and case studies.

This information may not be new to some people – Navy RPMs are already doing 
this. 

Primary goal is knowledge transfer, technology transfer.
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Some key concepts to provide some context for this topic. 

The protection of human health and environment remains a primary goal. Protection 
is never waived.

Focus is on achieving protectiveness at complex sites using risk management 
strategies and doing so appropriately while making cleanup progress.

There is no quick or easy fix at these sites.

RITS Fall 2010: Alternative Endpoints and 
Other Approaches 4



Some background on this topic and how it has evolved.

Can mention 2004 report for US AEC.

More details about these reports later in the presentation.
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Some of the hardest questions at complex sites relate to site cleanup goals, and 
this is where alternative endpoints come in. Key questions include the following 
(read list). 

Regarding alternative endpoints, think about whether they would be useful, what 
they could achieve, etc.

These same questions apply to other alternative endpoints. 

Ask RPMs to keep in mind as we go through the talk whether they are using these 
approaches at their sites and whether this sounds familiar 

(terminology may differ). If so, speak up to help discussion and/or fill out a form 
suggesting a case study/contact name.
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The terminology used in this presentation includes our own descriptive terms. Navy 
may be familiar with other terms.

Working definitions used in this talk:

• Traditional endpoints refer to ARARs at CERCLA sites and to Risk-based cleanup 
objectives at RCRA sites and other numerical criteria for groundwater (chemical-
specific ARARs) and other RAOs.

[Clearly define ARARs so people will remember when it is used later.]
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Alternative endpoints are formal waivers or substitutions for groundwater cleanup 
standards. 

When researching sites that would considering alternative endpoints, we found that 
not every complex site ends up adopting an alternative endpoint.

Sites may use other approaches, such as MNA over long timeframes, where the 
traditional endpoint is still the long-term goal but there is flexibility in the remedial 
approach, in this case, in the duration of the remedial timeframe.

[Clearly define terms like technical impracticability (TI) and other ARAR waivers, 
ACLs and MNA.]
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Alternative endpoints have their basis in the underlying statutes and regulations. At 
CERCLA sites, this is described generally in the National Contingency Plan text. 
EPA has interpreted these regulations and published policy and guidance clarifying 
the intent of the regulations.
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Key point: Similar to CERCLA, there is a place for alternative endpoints in the 
language used in RCRA regulations. For example, there is text regarding 
practicability in the RCRA Advanced Notice of Public Rulemaking. There is also 
language that applies to both RCRA and CERCLA sites regarding Alternate 
concentration limits.
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Let’s move into some key principles and considerations before diving into the details 
on several types of alternative endpoints.
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Rest of these pertain to complex sites. The only exception to this is at low-threat 
sites that are granted site closure early. 

Examples of complex site settings are provided in the case studies
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Speak to alternative endpoints in general, not TI. 

Key points:

• Can identify the need for alternative endpoint early on, before selecting a final 
remedy, based on CSM and/or FS analysis

• Careful identification of appropriate remedial goals can help incorporate other 
approaches into the final remedy

• The need for an alt endpt/other approach can also come out of performance 
evaluation/five-year review of a remedy that is already in place but not making 
sufficient progress to meeting cleanup goals. 
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This slide covers the question: what will the RPM get out of using an alternative 
endpoint/other approach?
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Size of the zone was key issue at Anniston Army Depot, multiple meetings to 
discuss waiving ARARs off-site in deeper bedrock aquifer.
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Define acronyms when you talk about these
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EPA Headquarters may be involved to support the region. May be a TI waiver 
specialist from the region rather than the EPA site project manager. Partnering 
meetings, not just submitting an application and getting it approved.

Can implement TI waiver as part of the initial remedy 

Limited use of TI waivers at complex Navy sites relative to other CERCLA 
sites

Use of technical impracticability (TI) waivers by the Navy is limited

In a study of 71 CERCLA sites with TI waivers, the only Navy site was Naval 
Air Development Center, Warminster, PA
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With the exception of Region 4, have been granted in all regions and nearly half the 
states. Region 4 is very much against TI waivers.
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Frequently used upfront in the initial selected remedy. Do not need to demonstrate 
failure. This is a key finding!!
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DoD has used TI waivers, most recently at Edwards
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No examples found for the last three types of ARAR waivers
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Navy is not using these ARAR waivers and there are few precedents at other 
CERCLA sites

Might not identify the ARAR if Navy knows that it’s difficult to meet.
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(We have started with ACLs because the Navy may be using it on a regular basis, 
particularly at RCRA sites.)
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There will most likely be back-and-forth negotiating ACLs with agencies. 

Define ROD, ESD

Navy has successfully implemented Alternate Concentration Limits (ACLs), 
particularly at RCRA sites

Naval Surface Warfare Center, Crane, IN

Sites 1 and 2, Former Naval Station, Long Beach, CA

OU3, Naval Air Station Jacksonville, FL 
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Navy has successfully utilized ACLs, particularly at RCRA sites with demonstrated 
mixing, natural attenuation

Define karst environment

The Naval Surface Warfare Center in Crane Indiana is a RCRA site where TCE, 
RDX and metals are present in groundwater as a result of historical waste 
management practices including burning waste ammunition. The geology is karst –
limestone and sandstone. Through tracer studies, the Navy has figured out that 
groundwater from the Ammunition Burning Grounds flows south through a karst 
conduit to springs and into Little Sulphur Creek. Because of significant dilution 
downstream of the springs and the fact that the Navy demonstrated that natural 
attenuation was occurring, the State approved a risk management approach as a 
final remedy, using ACLs and land-use controls. The final cleanup limits for RDX are 
140 µg/L at the springs, 240 µg/L in surface water downgradient, and 3 µg/L in the 
public water supply intake about 11 miles downgradient of the site.

Q: what about TCE? What is RDX MCL or action level – is it 3 µg/L?
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Achieved RAO of preventing contaminants from reaching surface water at 
concentrations exceeding California Ocean Plan criteria
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Point out that the white paper is going to be state-specific and will include California.

NAVFAC SW does not accept CZs as a potential option because of the onerous 
procedural requirements are not compatible with CERCLA ARAR concept.

I have three examples of groundwater management zones or similar designations, 
in Illinois, Texas and California. This table summarizes the state designation, the 
regulatory citation, the cleanup agency in charge, and the purpose of the 
designation.

In the Texas Voluntary Cleanup Program, a “plume management zone” can be 
established. A PMZ modifies cleanup objectives and is very similar to a TI zone. 
However, it can be established for reasons other than technical impracticability.

In California, “containment zone” also modifies cleanup objectives and is intended 
for areas where it is technically and/or economically infeasible to fully remediate 
groundwater. 

IN CONTRAST, Illinois EPA has a “groundwater management zone” or GMZ 
designation. A GMZ can be used for any areas that do not yet meet cleanup 
standards. The designation provides a way to delineate and track institutional 
controls. It is not used to modify cleanup criteria within the zone. Several other 
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states have similar designations, including Delaware and New Hampshire.
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Considered containment zone at China Lake Naval Weapons Center. Problem was 
basin plan was promulgated applied MCLs to the aquifer, RWQCB couldn’t waive 
MCLs within containment zone without de-designating the aquifer.
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Other approaches can be used to achieve protectiveness that are similar to TI 
waivers

NWIRP Dallas, Texas (Plume management zone (PMZ))

Former NTC Orlando, Florida (MNA over long timeframes)

RITS Fall 2010: Alternative Endpoints and 
Other Approaches 49



RITS Fall 2010: Alternative Endpoints and 
Other Approaches 50



RITS Fall 2010: Alternative Endpoints and 
Other Approaches 51



Sites that are eligible in Tennessee: “Groundwater that has been contaminated by 
human activity and the board finds that either it is not technologically feasible to 
remediate the ground water to the criteria required for other classifications or it is 
not reasonable to remediate to that criteria”

RITS Fall 2010: Alternative Endpoints and 
Other Approaches 52



53



RITS Fall 2010: Alternative Endpoints and 
Other Approaches 54



Other approaches such as MNA over long timeframes, groundwater containment, 
and/or institutional controls are used as an alternative to TI waivers

RITS Fall 2010: Alternative Endpoints and 
Other Approaches 55



RITS Fall 2010: Alternative Endpoints and 
Other Approaches 56



What are key considerations compared with other options?
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• Soil and groundwater contaminated with TCE

• Flat groundwater gradient – velocity ~ 10-20 ft/yr

• Depth to groundwater ~5 ft bgs
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Clarify definition – NRC ‘Adaptive site management’ focused on site 
characterization.
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Extensive ISCO application in fractured rock demonstrates the technical basis for 
an alternative endpoint

Adaptive site management, extensive testing can provide technical basis for an 
alternative endpoint

Watervliet Arsenal, Watervliet, New York (ISCO, ACLs)
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Semi log scale
Core that was collected during monitoring well installation
UW took the core, took subsamples (few inches from every foot), crushed them, extracted them with 
methanol and looked at VOC concentrations in rock samples
Concentrations in rock core approaching solubility which is indicating presence of DNAPL in rock 
matrix
Very high concentrations in rock matrix

Advantages
• Confirm diffusion of contaminants into rock matrix
• Identify active flow paths that are too small for detection using hydrogeophysical techniques
• Identify contaminant transport pathways
• Evaluate potential for post-treatment contaminant rebound

Disadvantages
• Highly location-specific and not commercially available

Collected rock core sub-samples (0.1 to 0.4 ft spacing)
VOC samples: crushed and preserved in field
Physical property samples: intact sections analyzed for foc, ρbulk, η, carbonate minerals
Matrix diffusion samples: intact sections for laboratory diffusion tests

Not much treatment (reduction in concentrations) of VOCs
80 and 100 foot zone DNAPL transported in fracture (mass not destroyed in matrix)
3 years later, MNO2 staining in fractures (only one place)
Similar peak concentrations in samples taken before/ after permanganate injection indicate no 
substantial remediation accomplished; MnO4 was not observed in fractures at depths where most 



mass occurs
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# of total hydraulic zones sampled is 16
Have not adjusted mass flux measurement to changes in transmissivities (did we 
create mass?) – loss in transmissivity due to clogging – the number will go down if 
transmissivity goes down
8 zones with permanganate
Were able to get some reduction early on but it tailed off; could not reduce long-term 
mass discharge
We may have made it worse due to changing pressures in rock due to injections 
(stagnant high concentration zones were initially not connected to high flow zone –
mobilized DNAPL??)
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Different from Containment Zones (CZs), where no one expects groundwater to 
meet MCLs within a reasonable timeframe. 
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Lot of material covered so far, wanted to illustrate process at some of these sites to 
drive home some key points

Complex material, broad topic, typically covered in 4 hrs in workshop so we are 
going through it very quickly
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