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Provide independent reviews 
of hydrogeological data and 
reports submitted by DOE 
and its contractors to the 
EPA and the State of Idaho

Describe processes controlling the
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(advective transport, dispersion, 
adsorption, dilution, diffusion,
radioactive decay, and 
chemical reactions)
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• Maintain a comprehensive groundwater monitoring and 
hydrogeologic studies program to evaluate the availability 
and movement of water in the eastern Snake River Plain 
aquifer.

• Describe processes controlling the fate of contaminants 
(advective transport, dispersion, adsorption, dilution, 
diffusion, radioactive decay, and chemical reactions)

• Provide independent reviews of hydrogeological data and 
reports submitted by DOE and its contractors to the EPA 
and the State of Idaho
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• OUTLINE
• Brief overview of wastewater disposal history at selected 

Facilities
• Geologic description of the eastern Snake River Plain 

and the aquifer system.
• Hydrologic description of the eastern Snake River Plain 

aquifer



Wastewater discharged to 310 ft deep 
TAN injection well from 1953-1972

Radioactive chemicals, organic 
waste, and chloride and sodium 
primary constituents discharged



Wastewater discharged to 3 mile long 
industrial waste ditch 

Chloride, sulfate, and sodium primary 
constituents discharged along with some 
chromium.



Wastewater discharged to mostly 
infiltration ponds at ATRC; Disposal well 
and infiltration ponds at INTEC; buried 
solid and liquid waste at RWMC

Primary constituents include tritium, 
strontium-90, sodium, chloride, sulfate, 
chromium, nitrate, and organic 
compounds



Southern Idaho physiographic and location map



Volcanic fields include High Rock (HR), High Lava Plains (HLP), McDermitt (McD), Lake 
Owyhee (LO), Owyhee–Humboldt (OH), Bruneau–Jarbidge (BJ), Twin Falls (TF), Picabo
(P), Heise (H), and Yellowstone Plateau (YP). Crustal/tectonic boundaries include the 
Mesozoic (MZ) 0.706 line at the western edge of the North America craton (Nash et al., 
2006)

Map of caldera complexes, from Nash and others, 2006



Examples of ash fall extent



Eastern Snake River Plain geology
Post Hot Spot volcanism

Four kinds of volcanism
1. Snake River Olivine Tholeiite basalt eruption-most common
2. Evolved composition rocks-Cedar Butte, Craters of the Moon, 
Spencer-High-Point
3. Rhyolite domes-may be extreme case of (2)
4. Caldera eruptions-rare, cataclysmic



Cartoon of 
midcrustal sill and 
associated 
features, from
Shervais and 
others, 2006



∗ Low SiO2, high in mafic 
minerals

∗ Chemically nearly identical
∗ Rise fairly quickly-little 

fractionation or crustal 
assimilation

∗ Effusive eruptions, very much 
like Hawai'ian eruptions-no 
explosions, for the most part

∗ Bulk of emplacement is by 
tube-fed pahoehoe

∗ Monogenetic shield volcanoes-
each new volcano has its own 
plumbing system, erupts from 
days to decades, then freezes 
shut

Snake River Olivine Tholeiites
Photo from 
Hawaii Volcano 
Observatory 
website

Lava tube cut  by Box Canyon



Snake River olivine tholeiite basalts erupt from 
shield volcanoes

Sixmile Butte





∗Stratigraphy
∗Rock Geochemistry
∗Age 
∗Paleomagnetism!

How to tell SROTs apart?



Lava 
tubes

Tube fed 
pahoehoe 

flows

From Self and others, fig. 2, 1998



∗ Solid part of aquifer is 
mostly SROT basalt, 
(averages 85% over 
whole INL site) and 
eolian sediment, minor 
amounts of fluvial 
sediment

∗ Sediment amount varies 
depending on location, 
volcanic highlands have 
very little sediment, Big 
Lost Trough may be up to 
30%

∗ Despite low volume, 
sediment is a major 
control on groundwater 
movement and 
contaminant transport

Snake River Aquifer at the 
Idaho National Laboratory

Image from USDA FSA National Agriculture Imagery Program (NAIP)
The USDA-FSA Aerial Photography Field office



Paleomagnetic 
chrons, 

subchrons, and 
cryptochrons
for the last 4 
million years,
modified from 
Gradstein and 
others, 2004



Core drilling and paleomag sampling

Paleomag sampling on core yields only inclination data



Paleomag surface sampling

A promising site

Duane and Sam with drill and 
pump

Duane Champion and 
Sam Helmuth discussing 
outcrop, Duane with sun 
compass 

Surface paleomag yields both inclination
and declination



Possible sources of error
1 . C ro s s -s e c t io n  o f  f lo w  lo b e a t  f ir s t  e m p la c e m e n t

3 . C o o lin g  fra c tu re s fo rm  p e r p e n d ic u la r to c o o lin g
fro n t  a n d  m a y  c a u s e  d is p la c e m e n t

L o b e  in fla te s

2 . L o b e  in fla te s  a s  e ru p t io n  p ro g re s s e s

4 . R o ta te d  c ru s t  w ill h a v e  a  d iffe re n t  in c lin a t io n ,
d u e to  d is p la c e m e n t

To p o g ra p h ic  lo w



∗ Corehole deviates from vertical-gyroscopic 
deviation log allows mathematical correction

∗ Lightning strike when lava flow was at surface 
resets paleomag

∗ Subsequent overlying lava flow raises older flow 
above blocking temperature and reset paleomag-
can be corrected for to some extent

∗ Paleomagnetic data is non-unique, two lava flows 
of very different age may have the same directions

More sources of error



Create cross-sections using 
paleomagnetic data



Cross-section based on subsurface paleomagnetic 
inclination from core, from Hodges and others, 2016



Modified from Lindholm (1996)

Hydrology of the Eastern Snake River Plain Aquifer



From Geller 2006



Basaltic characteristics for water movement



Age and velocity of groundwater
• Two studies were done in the Mid-1990’s on aging 

the young fraction of water at the Idaho National 
Laboratory (INL) and from south-central Idaho. 

• Studies were done using stable isotopes, 
chlorofluorocarbons, dissolved gases, and 
tritium/helium.

• Several wells at the INL and from wells in rangeland 
southwest of the INL only contained small fractions 
of young water. 

• Flow velocities calculated at the INL ranged from 
about 0.5 to 4.3 m/day (about 2-14 ft/day)

• Flow velocities for wells in south-central Idaho 
(where the gradient is steeper) ranged from 5 to 8 
m/day (16 -26 ft/day)



USGS has tested 
the aquifer to learn
about water 
movement in 
different areas. 
Green circled 
areas on this 
figure are areas 
where water will 
move very slowly. 

From Twining and Maimer, 2018



Particle tracking from 
our Groundwater flow 
model provided us 
with the initial 
assessment of how 
particles will move 
through the aquifer.

From Fisher and others, 2012



Recent work is 
researching source 
water chemistry to 
better understand 
water types and 
flow direction.



ANY QUESTIONS?
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