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BACKGROUND AND PURPOSE OF TRIP:

This field trip was designed to provide an overview of the geohydrologic setting of the Hanford
Site and how the setting affects contamination and prospects for waste cleanup at the former
U.S. DOE weapons site in south-central Washington State. It has become a tradition for the trip
leaders to plan a similar event each time the Geological Society of America has its fall meeting
in Seattle, Washington; it has been nearly a decade since the last such event.
SUMMARY OF ACTIVITIES:

The first day was comprised of a hands-on field trip through selected areas of the Hanford
Reservation. At our first stop we took photographs of the cocooned F-reactor (Figure 1). The
cocooned F- and H-reactors will see no more human activity during the next 75 years, after
which radioactive decay will have reduced the inventory of each.
Our second stop was at the hexavalent chromium groundwater treatment site near the D- and
DR-reactors in the 100 D Area. Here we stood above what is the largest hexavalent chromium
plume at the site while we discussed redox groundwater treatment permeable barrier
technology. The source of the 0.8-km-wide, 2.4-km-long (0.5-mile-wide, 1.5-mile-long) 700 ppb
plume is unknown. The plume is being actively remediated with a permeable reactive barrier.
The reducing agent, sodium dithionate (S 204) bleach, is injected through a system of wells, at a
volume of 25,000 gallons per well (Figure 2). The bleach decomposes to sulfate, Fe(lll) is
reduced to Fe(ll), Fe(ll) sorbs to the aquifer matrix forming an immobile barrier and reacts with
Cr(VI) to reform Fe(lll) and precipitate Cr(lll). Sulfate is a secondary contaminant at this site as a
result of this treatment process. Ten percent of the original sulfate is known to discharge to the
Columbia River. A loose estimate was provided that only after hundreds of years would enough
Cr(lIl) precipitate to clog the aquifer at the barrier, causing redirection of the plume. Travel time
from injection to the most down-gradient monitoring well, located on the south side of the
Columbia River, is approximately 2 years (Figure 3 A-C). West Bay multilevel samplers or
multilevel wells are used to monitor the 4.6 m (15 ft) deep aquifer along three vertical zones as it
discharges to the Columbia River. Ferrous iron will last within the aquifer for approximately 20
years, after which re-injection of dithionate will be required. It is of interest to note that the
locations of old leaky water lines are not well known. These need to be located so that
these discharges do not continue to provide a hydraulic driving force for the transport of
hexavalent chromium.
We explored channel deposits and giant interference ripple marks left behind by the Missoula
Floods at our third stop (Figure 4 A-H). These ripple marks originated from channels merging
from different directions. The ripple train is 3 km (1.9 mi) long, and is truncated at each end by
modern river deposits. The ripples are comprised of cobble gravel to small boulders; average
ripple height is 7.6 m (25 ft) across the train, while locally some ripples are 10.7 m (35 ft) in
height. Cataclysmic floods in Montana, Idaho, Washington and Oregon were caused by the
failure of ice dams at Lake Missoula in Montana and Lake Bonneville in Utah during the end of the
last ice age. Missoula Flood water depths were 90 m (300 ft) at this location, flood velocity was
18 m/s (60 ft/s), and stream power was 2700 kW (2000 lb, ftls). The ripple marks are said to be
sacred to local Native Americans, as is evidenced by cairns placed at some ripple summits.
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Next, we drove to the top of Gable Mountain (Figure 5 A-E) in central Hanford to gain an
overview of basalt volcanism, the Yakima Fold Belt, post-basalt sedimentation, geomorphologic
features, geohydrology, and prior studies of Hanford basalts for use as a geologic repository.
Information gleaned from the team leaders about the Basalt Waste Isolation Project (BWIP) is
that the Hanford site would have been challenging to develop as a high-level waste geologic
repository because of "exploding" basalt from shaft ceilings that would have unnecessarily
endangered miners.
The Rodinia supercontinent broke-up 800 Ma before present near the White Bluffs, and 200 Ma
before present continents began to collide near the Hanford site. Precambrian rock lies below
the basalt. The Columbia River Basalt Group formed over a period of 11 million years beginning
17 Ma before present when a superplume of magma began to erupt through huge fissures more
than 150 km (90 mi) long. One lava flow has been studied in particular, and has been found to
contain 10,000 km3 (2400 mi3) of lava. This flow is believed to have been created over a time
period of several months to no more than a single year. There was a period of relative volcanic
quiescence between 13 and 6 Ma before present, however, the Elephant Mountain Basalt
exposed at Gable Mountain dates to this quiescent time period.
Gable Mountain provides an excellent example of Scabland morphology. The Missoula Flood
waters took advantage of exposed basalt joints by plucking-out basalt blocks, leaving Gable
Mountain with a "scabby" appearance (Figure 6 A, B). Other cataclysmic flood morphology near
the Hanford site includes bifurcating, anastomosing outflow channels, giant gravel bars, teardrop-shaped islands, and the previously described interference ripple marks.
Enigmatic post-basalt deposition also includes abundant clastic dikes, which are sometimes
interpreted as slump features. Clastic dikes are discordant to bedding, exhibit fine sands to
cobbles, and are often expressed at the surface as polygons, visible aerially because of
changes in saturation and thus vegetation between the sediments outside and inside the dike.
Geoscientists have mapped between 10 to 15 thousand clastic dikes in the Hanford region to
date. Some clastic dikes in the 200 Area have predictable sizes, and some are as large as
250 m (820 ft) in diameter. Many clastic dikes are located in the vicinity of Wallula Gap. It is
unknown whether clastic dikes function as flow pathways or barriers. They frequently have clay
skins with complex internal structures. With the exception of the clay skin, the permeabilities
inside and outside a clastic dike are very similar.
Andy Ward (Fluor Hanford) discussed barrier technology at the Surface Engineered Barrier in
200 East Area (Figure 7 A-F). The engineered barrier near the single-shell tanks is
experimental, as well as practical in nature. Different slopes are employed on two sides of the
barrier to examine the affect of slope on performance. Important components of the barrier
include self-healing asphalt concrete, a curb system with numerous monitoring cells, and the
ability to detect as little as 0.05 mm (0.002 in) of water. The barrier is covered with a 1 m thick
layer of silt loam (clay would fracture in this arid environment) and vegetation. Sage brush,
rabbit brush, and grasses are used for transpiration; because they have different growing
seasons this combination of vegetation maximizes the uptake of water. The upper layers of the
barrier store up to three times as much water as the normal magnitude of winter precipitation in
this location. It is interesting to note that a vegetation component is currently being added to the
multiphase flow code STOMP. The Surface Engineered Barrier functions like a self-flushing
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toilet with dose and siphon capabilities, and has a design life of 1000 years. Of the various
components, the asphalt life has the greatest uncertainty.
The day ended with Andy Felmy leading a discussion on the movement of radionuclides leaking
from underground waste storage tanks. Stops were made at the B Tank Farm (Figure 8 A-C)
and AP Tank Farm (Figure 9 A, B), and at a burial site for nuclear submarines (Figure 10 A, B).
On the second day of the field trip we drove north on State Route 240 two miles beyond the
Yakima Barricade to high-ground overlooking the Columbia River and reactors (Figure 11). Here
Karl Fecht discussed large-scale fluvial deposits and channel features, including berg mounds
and giant flood bars. Mt. St. Helens' ash is found in some flood bars, allowing the last of the
Missoula Floods to be age-dated accordingly.
Next, we drove to the north side of the Columbia River overlooking Umtanum Ridge (Figure 12),
where we discussed basalt folding and faulting, evolution of the river, seismic hazards, and
natural gas and oil exploration. Rattlesnake Mountain and Umtanum Ridge provide more
examples of terrestrial wrinkle ridges, as did Gable Mountain on Day 1. Wrinkle ridges near
Hanford are nearly equivalent in scale to Martian wrinkle ridges. The group observed a landslide
or slump that occurred when the Missoula Floods removed buttressing material from Umtanum
Ridge, and a thrust fault (Figure 13) on the ridge near Priest Rapids Dam.
Our next-to-last stop happened at Sentinel Gap (Figure 14A); this is an ancient Columbia River
water gap through the Saddle Mountains that was widened by the Missoula Floods. From this
vantage point we could see a black-colored channel deposit (Figure 14B) on the other side of the
Columbia River that is interpreted as an ancestral Columbia River channel. On our side of the
river, we observed the proposed BWIP repository host rock, the Cohaset Flow, in outcrop
(Figure 14C). At the Hanford site, this geologic unit lies 900 m (3000 ft) below the surface.
Along the modern Columbia River between the Saddle Mountains to the south and the
Frenchman Hills to the north are many examples of flood gravel terraces and fields strewn with
giant boulders left by the Missoula Flood waters. White caliche at the base of the boulders is
indicative of Holocene deposition. The floodwaters in this location rose to just below the
Cohaset outcrops at 400 m (1300 ft) above mean sea level.
Finally, we drove toward the Ginkgo Petrified Forest State Park near Vantage, Washington, while
we again discussed the history of the Columbia River Basalts, formation of petrified wood, and
flood features. Along the way we observed the Wanapum type section and its columnar basalts.
This observable history of Vantage, Washington is one 15.6 million years in the making. Here,
1.4 million years after the Columbia River Basalt Group began to form, another basalt flow
destroyed all life in the region. Over the next 200,000 years, slow deposition of ancestral
Columbia River sediments formed the 10 m (30 ft) thick Vantage Sandstone Member (Figure
15A) above the previous basalt flow. Trees gradually regained the land until catastrophic rhyoltic
volcanism from the Cascade Range denuded a vast area and sent trees flowing in a slurry of
mud down into the lowlands at Vantage. The trees that collected in a Lahar mud flow (Figure
15A) at then-swampy Vantage spanned the entire range of specimens from subalpine to
subtropical. Then, 15.4 Ma before present, another basalt flow erupted -40 km (-25 mi) to the
east of Vantage. Lava from the initial eruption did not reach Vantage, but rather blocked the
Columbia River, causing the river to back-fill into a large lake, i.e., Lake Vantage. When this
water reached the mudflow, the trees began to float. Follow-on eruptions of lava finally did reach
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Lake Vantage, forming lava pillows (Figure 15 B-D) as the cool lake water instantly chilled globs
of in-flowing basalt. Today, this process is set in stone at the Gingko Petrified Forest State Park,
where Ginkgo, Douglas fir, spruce, Sequoia, cypress, oak, maple, birch, beech, sweetgum,
walnut, ash, water tupelo, sycamore and loblolly pine are encased inside a geologic unit of basalt
pillows and orange palagonite (Figure 15E). More basalt flowed above this forest of rafted trees
encased in basalt over the eons, providing heat to facilitate the petrifaction process. Were it not
for the erosive power of the Missoula Floods, which began -1 Ma and ended only 12.8 ka before
present, the Ginkgo Petrified Forest might still be hidden from view. In all, it is a provocative tale
of powerful geologic and climatic forces in a modern steppe environment where no tree will
naturally grow today. For further information see Orsen (1998).
SUMMARY OF PERTINENT POINTS:

The Hanford site is located within a large structural basin (i.e., the Pasco Basin) in the central
region of the Columbia Plateau. The site is surrounded by anticlines (e.g., Gable Mountain).
Prior to 6 Ma before present, today's basalt anticlinal ridges were a flat plain. Faulting and folding
is of seismic hazard concern at the site, as the wrinkle ridges continue to grow today.
Earthquakes occur as swarms in the lowland synclines, rather than up on the growing ridges.
The last large earthquake in the region (evident at the Wallula Fault Zone) is believed to have
been triggered by the Missoula Floods. Shifting of the Columbia River is also of minor concem
at the site because, although it is deeply incised and mature, landslides are probable and have
the potential to change the course of the river.
There are three geologic units at the Hanford site. These are (i)the Columbia River Flood
Basalts (e.g., Rattlesnake Mountain and the confined aquifer); (ii) the ancestral Columbia River
deposits composed of variably cemented gravels (i.e., cemented with iron oxides, carbonates or
silica) and overbank deposits (e.g., the Ringold Formation and the unconfined aquifer), and
(iii) the Missoula Flood deposits (e.g., the Hanford formation and the vadose zone). The
Pleistocene Missoula Floods carried as much 500 cubic miles of water through the Hanford site
between 15 and 12.8 ka before exiting at the Wallula Gap constriction.
Different facies dominate flow below Hanford, depending on the prevailing magnitude of the flux.
There are three major facies within the Hanford formation: high-energy deposits are called the
Pasco gravels, low-energy slackwater interbedded sand- and silt-dominated sediments are
called the Touchet Beds and form normally graded rhythmites, and a transitional-energy
sand-dominated facies commonly exhibits plane lamination and bedding; many and varied
sedimentary structures are contained within the three distinct facies, and 11 highly
heterogeneous and anisotropic textural or structural lithofacies are catalogued. The vadose
zone is known to be as thick as 95 m (312 ft) in some locales. Where the Hanford formation is
saturated, Pasco gravels from the main catastrophic Missoula Flood channel at the site form the
most permeable zones of the unconfined aquifer. Contamination in the 200 East Area generally
flows through the Pasco gravels toward the Columbia River with an approximate travel time of
20 years. Incontrast, contamination in the 200 West Area resides in the low permeability
Ringold Formation, and travel time is estimated at several hundreds of years before these
plumes will begin to discharge to the river.
Precipitation at Hanford is approximately 150 mm/yr (6 in/yr) in the lowlands and 250 mm/yr
(10 in/yr) up on Rattlesnake Mountain. Recharge at Hanford varies between 5 and 100 mm/yr
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(0.2 and 4 in/yr) dependent upon climate, vegetation, and soil texture. Groundwater in the
unconfined aquifer (i.e., Ringold formation) generally flows west to east, with a steep gradient in
the west section of the site and a shallow gradient in the central to eastern section. The natural
water table at Hanford changed dramatically between 1944 and 1979 due to artificial recharge
related to wastewater disposal. Approximately 450 billion gallons (1.7 billion M3 ) of liquids have
been discharged to Hanford over the lifetime of the site, thus leading to groundwater mounding.
Disposal activities associated with uranium mining, reprocessing, and plutonium production
have left more than 1600 individual locations of waste discharge and 430 million curies at the
Hanford site. Some of this radioactivity is confined to buildings or other facilities, some is
confined to storage tanks, and some resides in the environment. Operators monitor plumes
with more than 650 monitoring wells. Movement of cesium, uranium, and strontium-90 was
retarded in the unconfined aquifer, but tritium, being the most mobile radionuclide, forms the
largest plume at the site. In fact, one plume moved more than 1 km/yr (0.6 mi/yr) on the average
during the period between 1956 and 1970. Between 1970 and 1980 the tritium plume advanced
another 6.7 km (4 mi), and between 1980 and 1990 the plume moved an additional 1.1 km (0.7
mi). There has been no significant change to the size of the tritium plume since 1990. Iodine129 and technetium-99 plumes are also relatively large. Other contaminants include carbon
tetrachloride, chloroform, trichloroethylene, carbon-14, cobalt-60 (mostly decayed), nitrate, and
hexavalent chromium.
Unconfined aquifer clean-up efforts include source removal (muck and truck to the
Environmental Restoration Disposal Facility in 200 Area), pump and treat, and in situ redox
manipulation (used to convert the corrosion inhibitor hexavalent chromium to trivalent chromium
in the 1OOD Area before the water seeps into the Columbia River). The main science and
technology focus at the Hanford site today is on evaluation of remedial technology and updates
to conceptual models for contaminant fate and transport. More information may be found at
http://groundwater.pnl.gov/
Below the shallow unconfined aquifer system lies the confined basalt aquifer. Sediments are up
to 200 m thick, and basalts are up to 3000 m thick. The Missoula Floods scoured out an
erosional window that connects the unconfined and confined aquifers. Contaminants from the
central plateau area have reached the basaltic aquifer system through this connection.
Groundwater contamination is assumed to be confined to the shallow basalts, which have low
matrix hydraulic conductivities, but are particularly fractured in their upper layers. An important
need is to identify and quantify existing and new water quality problems in the confined aquifer.
Characterization of the upper basalt aquifer improved in the 1990s. The Yakima River is known
to be a losing river in this locale. Houses in Richland, to the south of the Hanford reservation,
use water supply wells screened in the upper basalt confined aquifer, and a groundwater mound
exists in the unconfined aquifer above this potable water source.
CONCLUSIONS:
This field trip provided an excellent opportunity for obtaining an overview of the geohydrologic
setting of the Hanford Site and how the setting affects contamination and prospects for waste
cleanup at the former U.S. DOE weapons site in south-central Washington State. It also
provided an excellent introduction to the fascinating geologic history of the greater Columbia
River Plateau.
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PROBLEMS ENCOUNTERED:
None.
PENDING ACTIONS:
None.
RECOMMENDATIONS:
Unless already in possession, I recommend that NRC staff acquire the GSA Field Trip 418
notebook 'Geohydrology of the Hanford Nuclear Waste Site" for the NRC library. Additionally,
the NRC library should include the new book uHanford: A conversation about nuclear waste and
cleanup" by Roy Gephart (Battelle Press, ISBN 1-57477-134-5). NRC Performance
Assessment staff should consider attending the same or a similar field trip in the future.
Additionally, a substantial number of presentations were made at the GSA Meeting proper, so if
needed, these abstracts may be sought by Performance Assessment staff from the GSA
Abstracts with Programs at http://granite.geosociety.org/bookstore/.
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Figure 1. Cocooned F Reactor

Figure 2. Injection Wells at Hexavalent Chromium Redox Test Site
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Figure 3. A) Monitoring Well for Hexavalent Chromium Plume.
B) Monitoring Well in relation to the Columbia River.
C) Columbia River as seen from the Monitoring Well.
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Figure 4. A-D) Different Viewpoints of Hanford's Giant Interference
Ripples Left Behind by the Missoula Floods.
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Figure 4. E-H) Different Viewpoints of Hanford's Giant Interference
Ripples Left Behind by the Missoula Floods.
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Figure 5. A-E) Gable Mountain
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Figure 6. Scabland Morphology at Gable Mountain

Figure 7. A) Surface Engineered Barrier as Viewed from Below.
B) Andy Ward Describing the Surface Engineered Barrier.
C) Field Trip Group at the Surface Engineered Barrier.
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Figure 7. D-F) Monitoring at the Surface Engineered Barrier.
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Figure 8. A-C) B Tank Farm.
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Figure 13. Umtanum Ridge Thrust Fault atArrow Point
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Figure 14. A) Sentinal Gap
B) Black Channel Deposit Beneath Arrow Point
C) Cohaset Flow at Sentinel Gap
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Figure 15. A)
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D)
E)

Vantage Member Below Ginkgo Flow
Basalt Pillows with Person for Scale
Steve Reidel at Basalt Pillows
High-Res Basalt Pillow and Palagonite
Petrified Wood at Gingko State Park

