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Expectation Setting

• DEQ is providing high-level and general feedback on the pre-
meeting materials provided on January 20th.

• Our feedback is not comprehensive. We have had limited 
time to review the information and prepare these slides.

• Our feedback will be provided primarily via a series of 
examples intended to illustrate concepts. Where one GSA is 
used as an example, the feedback also applies to other 
GSAs.

• We have ~ 40 slides. DEQ will try to get as far as possible. If 
time allows, clarifying questions may be asked at the end.



Fundamental Shortcomings



DEQ has removed Site Wide Alts 2 and 3

• Consistent with OAR, DEQ may eliminate development or 
evaluation of remedial action alternatives in the FS. 

• DEQ’s comments on the draft FS required NW Natural to 
remove alternatives 2 and 3. 

• Site wide alternatives 2 and 3 are not substantively 
different than alternatives 2 and 3 presented in the draft 
FS.

• Feedback: Remove site wide alternatives 2 and 3.



Statutory hot spot requirements



Knee of a curve - defined



Tar Ponds GSA Treatment vs Cost Graph
• Graph implies that alternatives 

are progressive. They are not.
• DEQ previously commented that:

– The Tar Ponds alternatives follow 
different tracks – one that focuses 
on all DNAPL treatment, the other 
that focuses on potentially 
mobile/transitional DNAPL 
treatment.

– NW Natural should display the hot 
spot treatment volume vs cost 
graphs on the two separate tracks. 
Our comments were not addressed.



Tar Ponds Curves – Separated by Track



Tar Ponds Curves – Separated by Track

Alternative 8a

Alternative 8

Apparent knee of curve

Apparent knee of curve



NW Natural’s knee of curve



Tar Ponds Curves – Separated by Track

Alternative 8a

Alternative 8

Alternative 4
NW Natural’s 
interpretation of 
“knee” based on 
Site-Wide 
Alternatives

Alternative 4
NW Natural’s 
interpretation of 
“knee” based on Site-
Wide Alternatives

Apparent knee of curve

Apparent knee of curve



Another Example – Former FAMM/SO GSA

Potentially non-progressive 
alternatives with different 
DNAPL treatment focus 
tracks

NW Natural’s interpretation of 
“knee” based on Site-Wide 
Alternatives

Correctly identifying a knee will 
be more difficult with hot spot 
treatment alternative 
progressions that have large 
gaps towards the end. There 
may not be a “knee.” 



Knee of Curve Feedback

The knee of the curve that provides a line of evidence for assessing ‘disproportionate’ costs for 
risk reduction was incorrectly identified for all GSAs.

Based on the information provided in the pre-meeting materials, site wide alternative 4 does not 
meet statutory or regulatory requirements for hot spot treatment.

A knee of the curve may not be apparent in all GSAs. There may not be any clear inflection 
point, suggesting that full hot spot treatment is not disproportionate to risk reduction.

A knee of the curve may not necessarily translate to infeasibility.



Assessment of Risk Reduction

• Recap from 
September 2nd 
meeting:



The “number of risk pathways” information

The magnitude of risk associated with each pathway 
is not equal. Risk reduction for each pathway can not 
be compared with another pathway of different 
magnitude.

For example: Addressing 50% of the HH Surface Soil 
pathway is not equivalent to the magnitude of risk 
reduction associated with addressing 50% of the Eco 
– Alluvium WBZ Groundwater pathway.

Therefore, the magnitude of residual risk, or risk 
reduction is not proportional to the “number of 
pathways addressed” by each alternative.



DEQ’s FS Comments regarding risk reduction



Risk Reduction Feedback
The number of risk pathways treated is not a measure of risk reduction 
relevant to hot spot feasibility assessment. DEQ does not approve using this 
metric to support an assessment of the “feasible extent” of hot spot 
treatment in the FS.
DEQ is not opposed to NW Natural including such analysis in the FS as long 
as it is correctly and appropriately discussed.

Assessment of the feasible extent of hot spot treatment must align with our 
FS comments.



Progression of Site Wide Alternatives

Site-Wide 
Alternative 
2:
• Tar Ponds 

GSA 
Alternative 2

Site-Wide 
Alternative 
3:
• Tar Ponds 

GSA 
Alternative 3

Site-Wide 
Alternative 
4:
• Tar Ponds 

GSA 
Alternative 4

Site-Wide 
Alternative 
5:
• Tar Ponds 

GSA 
Alternative 4

Site-Wide 
Alternative 
6:
• Tar Ponds 

GSA 
Alternative 4

Site-Wide 
Alternative 
7:
• Tar Ponds 

GSA 
Alternative 4+

Site-Wide 
Alternative 
8:
• Tar Ponds 

GSA 
Alternative 7

Site-Wide 
Alternative 
9:
• Tar Ponds 

GSA 
Alternative 9a

• Site Wide alternative progression stalls at Tar Ponds GSA Alternative 4
• 6 of 8 Site Wide Alternatives incorporate Tar Ponds GSA Alternative 4 (or less)
• 7 of 8 Site Wide Alternatives incorporate Tar Ponds GSA Alternatives BELOW the apparent knee 

of the curve – Alternative 8 or 8a, depending on track – 
• None of the Site Wide Alternatives incorporate Tar Ponds GSA apparent knee of curve



Progression of Site Wide Alternatives

The site wide alternatives include a regression 
of Siltronic GSA-specific alternatives without 
an apparent commensurate trade off or 
justification. Was this intentional?
Regressions must be justified.



Site Wide Alternatives are Biased Low
Except for RAA 1 (no 
action), none of the 
site wide alternatives 
should entirely exclude 
hot spot treatment in 
any GSA

The concept of limiting hot spot 
removal/treatment to 3.5 feet bgs 
(or less) persists through RAA 4 in 
4 out of 5 GSAs.

This concept should have been 
screened out of further 
consideration on the GSA-scale 
hot spot analysis.



Alignment with Hot Spot Treatment Goals

Site-Wide 
Alternative 2:
• No beneficial use 

restoration
• No reduction in 

engineering control 
reliance

Site-Wide 
Alternative 3:
• No beneficial use 

restoration
• No reduction in 

engineering control 
reliance

Site-Wide 
Alternative 4:
• No beneficial use 

restoration
• No reduction in 

engineering control 
reliance

Site-Wide 
Alternative 5:
• No beneficial use 

restoration
• No reduction in 

engineering control 
reliance

Site-Wide 
Alternative 6:
• Potential goal of 

restoring portions of 
BU in FAMM/SO GSA 
via additional 
engineering controls

• No reduction in 
engineering control 
reliance

Site-Wide 
Alternative 7:
• The first alternative to 

propose BU restoration 
through treatment

• Some reduction in 
engineering control 
reliance

Site-Wide 
Alternative 8:
• Removes the BU 

restoration through 
treatment approach –
Regression of 
attainment of BU 
attainment goals

• Increased reliance on 
engineering controls

Site-Wide 
Alternative 9:
• Treats all accessible 

hot spots. BU 
restoration through 
treatment

• Least reliance on 
engineering controls

• DEQ previously commented (in comments and previous meetings) that maximizing  groundwater 
beneficial use restoration and reduction in engineering control reliance should be strategic goals for site 
wide alternatives.

• Only 2 of the 9 site wide remedial alternatives propose groundwater beneficial use restoration via hot 
spot treatment.

• Only 2 of the 9 site wide alternatives reduce reliance on engineering controls (i.e., a critical metric for 
assessing risk reduction)



Progression of Site Wide Alternatives
• Progression of site wide alternatives are biased too low. 
• Alternatives that represent the “knee” of the hot spot 

treatment curve are only introduced late in the 
progression.

•  Alternatives that represent the “knee” of the hot spot 
treatment curve are not sufficiently or appropriately 
bracketed by other alternatives.

• The progression of Site Wide Alternatives is unsuitable for 
informing remedy selection.



Other Comments, Critiques, Questions, 
and Suggestions



DNAPL Treatment Track Feedback
• Multiple GSAs incorporate separate tracks for DNAPL hot 

spot treatment: 
– One that focuses on all DNAPL
– Another that focuses on potentially mobile/transitional DNAPL.

• The FS must present rationale for determining why and how 
these two tracks are represented in site-wide alternatives. 
– Strong rationale will be centered around restoration of groundwater 

beneficial uses
– Weak rationale will be centered around engineering controls, like 

containment cells and hydraulic controls.



Layer Cake Approach Feedback
• The Tar Ponds GSA (and other GSAs) present a “layer cake” approach to 

developing GSA-specific hot spot alternatives, where alternatives progressively 
extend treatment from the ground surface to the deepest depths. 

• During the November 20th meeting, DEQ commented that the “layer cake” approach 
for the Tar Ponds GSA alternatives was limiting and that site wide alternatives would 
need to consider other configurations for DNAPL treatment within GSAs (not just by 
depth) to better address risk reduction and groundwater restoration goals.

• Only 1 site wide alternative appears to consider our November 20th comment. 
• We recommend NW Natural consider the trade offs between the “layer cake” 

approach versus targeting deeper DNAPL in earlier alternatives in a more strategic 
manner. For example: The Siltronic GSA.

• Layer cake approach is less useful for GSAs where fill is less than 12 feet thick 
(e.g., LNG/Koppers GSA, Former Office GSA) and the various risk pathway depth 
intervals overlap. For example, where 12 feet bgs intersects the fill and portions of 
the alluvium below the fill.



Hot Spot Budgets Across GSAs (concept)

$28M

Cost difference between Tar Ponds hot 
spot alternative 7a and 8a is higher than 
the cost to treat all hot spots in the 
FAMM/Spent Oxide Area

33,424 cy

Hot spot volume difference between Tar 
Ponds hot spot alternative 7a and 8a is 
higher (but close to) than all treatable hot 
spots in the FAMM/Spent Oxide Area



GSA-Scale Alternative Progression
The only difference between 
LNG/Koppers GSA-scale alternatives 3 
and 4 is an engineering control 
(downgradient barrier wall). Alternative 4 
does not include progressively more hot 
spot treatment. This approach skews the 
“knee of the curve” interpretations.

Why would adding a downgradient 
barrier wall address more risk pathways?



GSA-Scale Alternative Progression

Engineering controls, like 
barrier wall should not be 
included in the cost of hot 
spot treatment.

Adding engineering 
controls to the costs 
biases the “knee of curve” 
interpretation when 
compared to alternatives 
that do not include 
engineering controls.

Alternatives should not 
regress with respect to hot 
spot treatment quantities.



GSA-Scale Alternative Progression

The only difference between Koppers GSA 
alternatives 5 and 5a is use of amendments in the 
ISS mix design.

We are unaware of any testing at Gasco to inform 
decision making about the need for specific 
amendments. Use of amendments will be 
determined during RD.

Including versions of essentially the same 
alternative will skew the “knee of the curve” 
interpretations. If NW Natural believes an 
amendment is necessary for ISS to be effective, 
then include alterative 5a, if not then include 
alternative 5.



Treatment Train

• DEQ has previously commented (Interim FS, 
draft FS, meetings) about the need to consider 
a treatment train approach.

• A treatment train approach seems most suitable 
for the former LNG/Koppers GSA. For example, 
to reduce dissolved benzene concentrations via 
AS/SVE prior to ISS to improve ISS 
effectiveness. A treatment train approach may 
be more cost effective than the cost difference 
between adding an amendment vs not ($13M)

• DEQ continues to recommend a treatment train 
approach.



LNG/Koppers Hot Spot Quantity Calculations

Are the hot spot treatment 
volumes shown just 
associated with ISS in the 
top 12 feet?

How much hot spot 
treatment is attributed to 
DNAPL recovery via dual 
phase extraction? Co-
incident DNAPL recovery 
with dual phase extraction 
(GWE/SVE) would not 
address unrecoverable 
DNAPL. 

How is it possible to treat 
potentially mobile DNAPL, but 
not treat recoverable DNAPL?



New Terminology 

What is the elevated 
benzene area? How does 
it compare to the 
presence of DNAPL or 
other source materials in 
the fill?
How does the distinction 
align with RAOs? Or 
groundwater restoration 
goals?



Site Wide Alternative Contradictions

What does PacTerm tank 
basin remediation mean?

Treating DNAPL hot spots 
in the PacTerm tank basin 
are only included in 
FAMM/Spent Oxide GSA 
Alternative 6.



Engineering Control Objectives

What does active DNAPL 
recovery mean? Is it recovering 
DNAPL coincident with hydraulic 
gradient control? DEQ would 
consider that passive and not 
active. Passive or coincident 
DNAPL recovery may not address 
ongoing DNAPL migration risks.

Is active DNAPL recovery an 
intentional effort to remove 
recoverable DNAPL from the 
subsurface? Active DNAPL 
recovery was not included in the 
Tar Ponds GSA hot spot 
alternatives.



Engineering Control Objectives

Dual phase extraction of 
groundwater and DNAPL overlaps 
with hydraulic control/DNAPL 
recovery upgradient of the barrier 
wall. How do these work 
together?



Confusing Cross GSA Controls
How is the barrier wall to the base 
of the Fill WBZ downgradient of 
the LNG/Koppers GSA 
(Introduced in site wide 
alternative 6) different from the 
70-foot barrier wall for the Tar 
Ponds GSA (introduced in site 
wide alternative 4)?



Including RAO compliance into alternatives

Use of SWACs has not been previously 
discussed. DEQ does not approve baking RAO 
compliance metrics into the site wide 
alternatives.

RAO compliance should be evaluated based on 
the exposure point concentration calculation 
methodology in the risk assessment.

DEQ is open to discussing alternative RAO 
compliance methods, but only after remedy 
selection. Such discussions should include 
development of DQOs and a sampling design.



Off-Site Hot Spot Considerations
• How do alternatives consider 

the risk that DNAPL has 
migrated offsite?

• Only site wide alternative 9 
appears to treat DNAPL 
projected across the property 
boundary in the former Office 
Area GSA and FAMM/Spent 
Oxide GSA.



Former Office Area Considerations

How was this estimated? Does contamination in 
the Office Area GSA affect the aquatic life 
pathway in the alluvium?



Former Office Area Considerations

The cost to increase hot spot treatment from 
692 cy to 3,057 cy (↑ 2,365 cy) increases by 
$0.2M

The cost to increase hot spot treatment from 
3,057 cy to 4,610 cy (↑ 1,553 cy) increases by 
$0.9M

Why are treatment 
costs so disproportional 
for same technology?



Former Office Area Considerations

The cost to treat all hot spots in the Office Area 
is nominal compared to all other GSAs. 
Especially considering that only the last 
alternative addresses DNAPL that may extend 
across the property boundary.



MNA Effectiveness

Treatment of hot spots to restore aquatic life 
beneficial use is not proposed until site-wide 
alternative 7 for the FAMM-Spent Oxide GSA 
(and many other GSAs).

It is not clear whether MNA (proposed in site 
wide alternative 3) would be an effective 
groundwater treatment technology in the 
absence of hot spot treatment. 

If MNA will not effectively restore groundwater, 
where it is feasible to restore groundwater (like 
the FAMM-Spent Oxide GSA) then another 
groundwater treatment technology is required.



DEQ’s Observations and Path Forward
• The site wide alternatives require a fundamental overhaul
• It is not clear to what extent feedback we have provided in 

FS comments and/or previous meetings has been 
incorporated into the pre-meeting tables and figures. 

• Ongoing meetings to repeat feedback is not productive.
• Additional meetings are not necessary for NW Natural to 

understand and satisfactorily address FS comments.
• NW Natural should complete the revised FS for DEQ 

review.
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