
Incorporating Climate Change 

Impacts/adaptation Considerations 

Into Remediation and NRDA

Restoration at Superfund Sites

Michelle Krasnec, PhD, Abt Associates

Kaylene Ritter, PhD, Abt Associates

Heather Hosterman, Abt Associates

Christen Lee, Wyandotte Nation Planning and Natural 

Resources Department

Raymond Martinez and Michael Chacón, Pueblo de San 

Ildefonso Department of Environmental and Cultural 

Preservation

Brian Crossley, Spokane Tribe of Indians Department of 

Natural Resources

August 19, 2019



1 ς1:45 pm

Brief background on Superfund 
Cleanup and Natural Resource 
Damage Assessment (NRDA)
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Case Study #1: Pueblo de San Ildefonso

ÁClimate Change in the Southwest & Implications for the Pueblo

ÁPlutonium Transport Case Study



Climate Change in the 

Southwest & 

Implications for the 

Pueblo
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Pueblo de San Ildefonso

The Pueblo de 
San Ildefonso is 
located adjacent 
to and 
downstream of 
the Los Alamos 
National Lab 
(LANL), New 
Mexico
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Source: Fourth National Climate Assessment, Vol II ςImpacts, Risk and Adaptation in the United States. https://nca2018.globalchange.gov

Temperature Changes

Observed change 
in temperature in 
the Southwest 
from 1901 to 2016 

https://nca2018.globalchange.gov/
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Precipitation Changes

Source: Fourth National Climate Assessment, Vol II ςImpacts, Risk and Adaptation in the United States. https://nca2018.globalchange.gov

Observed and projected 
precipitation changes vary by 
region and season.

Historically, the Southwest has 
experienced a decrease for 
the period 1986ς2015 relative 
to 1901ς1960 (top figure). 

Parts of the southwestern 
United States are projected to 
receive less precipitation in 
the winter and spring. 

https://nca2018.globalchange.gov/
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Source: Fourth National Climate Assessment, Vol II ςImpacts, Risk and Adaptation in the United States. https://nca2018.globalchange.gov

Increased Drought

Fourth National Climate Assessment (NCA, 2018):

ñRising air and water temperatures and changes in 

precipitation are intensifying droughts, increasing 

heavy downpours, reducing snowpack, and causing 

declines in surface water qualityò

https://nca2018.globalchange.gov/
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Observed Piñon on Tree Die-Off

Jemez Mountains near 
Los Alamos, N.M. 

October 2002 May 2004

At study sites in 
Arizona, Colorado, 
New Mexico and 
Utah, 40% to 80% 
of the piñontrees 
died between 
2002 and 2003.

Breshears, B.B.,  et al. 2009. Tree die-off in response to global change-type drought: mortality insights from a decade of plant water potential 
measurements. Research Communications. Front EcolEnviron 7(4): 185-189.

https://cdn.uanews.arizona.edu/s3fs-public/styles/gallery-large-800x600/public/story-images/11731deadtrees4web.jpg?itok=3H6hjRSa
https://cdn.uanews.arizona.edu/s3fs-public/styles/gallery-large-800x600/public/story-images/11731deadtrees4web.jpg?itok=3H6hjRSa
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Projected Conifer Tree Mortality
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Observed Avian Declines
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Fair, J.M., et al. 2018. Avian Communities are decreasing with pinon pine mortality in the southwest. Biological Conservation 226: 186-195.

Fair et al (2018) report a 73% reduction in 
bird abundance & 45% reduction in 
richness at LANLstudy sites, 2003-2013

Western bluebird

Pygmy nuthatch

Bushtit

Common nighthawk
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Source: Fourth National Climate Assessment, Vol II ςImpacts, Risk and Adaptation in the United States. https://nca2018.globalchange.gov

Observed Increased Wildfires

άΧǘƘŜ ŀǊŜŀ ōǳǊƴŜŘ ōȅ ǿƛƭŘŦƛǊŜ ŀŎǊƻǎǎ ǘƘŜ 
western United States (1984-2015)  is estimated 
to be twice what would have burned had 
ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƴƻǘ ƻŎŎǳǊǊŜŘέ  
- NCA(2018), Chapter 25 - Southwest

Las Conchas, 2011

Cerro Grande, 2000

https://nca2018.globalchange.gov/
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Observed Increased Storm Intensity

Fourth National Climate Assessment (NCA):
άwƛǎƛƴƎ ŀƛǊ ŀƴŘ ǿŀǘŜǊ ǘŜƳǇŜǊŀǘǳǊŜǎ ŀƴŘ 
changes in precipitation are intensifying 
droughts, increasing heavy downpours, 
reducingsnowpack, and causing declines in 
ǎǳǊŦŀŎŜ ǿŀǘŜǊ ǉǳŀƭƛǘȅέ

PajaritoCanyon, 2000

Pueblo Canyon, 2013

Source: Fourth National Climate Assessment, Vol II ςImpacts, Risk and Adaptation in the United States. https://nca2018.globalchange.gov

https://nca2018.globalchange.gov/
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Implications for the Pueblo

Precipitation 
deficits & 
drought

Higher 
temperatures

Accelerated erosion 
& contamination 
with subsequent 

storms 

Reduced 
biological 
species 
richness & 
abundance Piñon tree 

mortality 

Burned vegetation, 
mineralized  soil

Bark 
beetle 

outbreak

Increase in 
wildfires

Reduced carbon sink

Long-term reduced 
stream flow



Plutonium Transport 

Case Study
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Observed Contaminant Movement

Katzman, et al. 2001. Cerro Grande Ash as a Source of 
Elevated Radsand metalshttps://www.energy.gov/sites/prod/files/2016/04/f30/CC_at%20LANLCase%20Study2-23-15final.pdf

Legacy of 
contamination + wild 
fires + storm events & 
erosion = increased 
contaminant transport 
towards the Pueblo

LAHDRA report (CDC, 2010); LA &Pueblo Canyons Investigation Report (LANL, 2004)

https://www.energy.gov/sites/prod/files/2016/04/f30/CC_at LANLCase Study2-23-15final.pdf
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LANLïLegacy of Contamination

LAHDRA report (CDC, 2010); LA &Pueblo Canyons Investigation Report (LANL, 2004)
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LANLïThe Manhattan Project

LAHDRA report (CDC, 2010); LA &Pueblo Canyons Investigation Report (LANL, 2004)

Manhattan Project - Original 
Technical Area (TA1), located 
within the Town of Los Alamos 
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LANLïThe Manhattan Project

Approximate location of 
TA1 outfall

LAHDRA report (CDC, 2010); LA &Pueblo Canyons Investigation Report (LANL, 2004); LA & Pueblo Canyons  GW Investigation Report(LANL, 2009)
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Untreated radioactive waste discharging into Acid Canyon (1944-1951) from TA1.

ÅTA-1: Original TA of the Manhattan 
Project (1944-65)
ÅUntreated radioactive waste was 

discharged into  the South Fork of Acid 
Canyon 1944-1951 
ÅMain COC = Pu 239/240 
ÅOther COCs = U-234/238, Am-241, Po-

210, Ba, La

LAHDRA report (CDC, 2010); LA &Pueblo Canyons Investigation Report (LANL, 2004); LA & Pueblo 
Canyons  GW Investigation Report (LANL, 2009)
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LA &Pueblo Canyons Investigation Report (LANL, 2004)

Å Acid Canyon is the 
main source of Pu 
239/240.

Å P-4Wwetlands are a 
wide depositional area 
= secondary source 

Pu239/240 in Fine Sediment ïPueblo Canyon
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Pu 239/240 Inventory in LA, Pueblo Canyons

LA
180 

Pueblo 1,075

Total LAP Pu 239/240 pre-2000 (pre-
Cerro Grande fire) inventory: 1,255 mCi

LA &Pueblo Canyons Investigation Report (LANL, 2004)
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LA &Pueblo Canyons Investigation Report (LANL, 2004)

Pu 239/240 Inventory in LA Canyon

Upper LA

DP

Mid LA

Lower LA (Pueblo)

90

47

29

14

ÅLA Canyon pre-2000 
inventory: 180 mCi
(14% of the Pu 
239/240 mass)
Å50% of LA Canyon Pu 

inventory located in 
Lower LA (ieςon the 
Pueblo)
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Cerro Grande Fire ïMay 2000

https://www.researchgate.net/figure/Cerro-Grande-wildfire-as-it-approached-Los-Alamos-NM-in-2000-This-fire-started-as-a_fig1_265454444
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Cerro Grande - Burned 

Area

ÁMay 4, 2000

ÁBurned a total of 43,000 

acres

ÁLargest Fire in NM up to 

that time

Á43% of LAP watershed 

burned

Gallaher and Koch (2004) Cerro Grande Fire Impacts to Water Quality 
and Stream Flow near Los Alamos National Laboratory: Results of Four 
Years of Monitoring
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Impact of Fire on Runoff

2000 runoff after the fire:

Áx200 greater peak discharges than 

previous years  

Á50% increase in runoff, despite 13% 

precipitation decline

Gallaher and Koch (2004) Cerro Grande Fire Impacts to Water Quality and Stream Flow near Los Alamos National Laboratory: Results of Four Years of Monitoring

Katzman, et al. 2001. Cerro Grande Ash as a Source of Elevated Radsand metals
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Pu 239/240 Transport

Two sources of Pu 239/240:

Á2000 ïFire-related ash + LANL-contaminated soils

ïAsh was contaminated with both global fallout and legacy aerial 

deposition

ÁPost-2000 ïLANL-contaminated soils

ïSoils and sediments contaminated by LANL releases

Gallaher and Koch (2004) Cerro Grande Fire Impacts to Water Quality and Stream Flow near Los Alamos National Laboratory: Results of Four Years of Monitoring
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Pu 239/240 in Ash (in 2000)

Katzman, et al. 2001. Cerro Grande Ash as a Source of Elevated Radsand metals

ÁPu 239/240 Concentrations in 

ash is higher than other fires

ÁSurrounding burned forest 

had elevated Pu 239/240 

levels due to LANL aerial 

deposition

ÁPu239/240 in ash is a 

combination of global fallout 

and LANL aerial deposition
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Á >95% of  
radionuclides 
were bound to 
suspended 
sediment (SS) in 
the runoff

Á Rads and 
metals 
correlated with 
clay and organic 
matter in SS

Á Potentially 
significant for 
clay gathering


