Groundwater flows out to
streams and lakes

Groundwater flows out at

springs

Opportunity

“Gaining
streams”

Opportunity

43

Groundwater flows through

44

AND surface water enters
the ground

wetlands

Opportunity
Opportunity

“Losing”
Streams

45

46

The water table changes in response
to irrigation

The water table rises and falls
In Opportunity area

Opportunity

Highest at spring
runoff (late May/June)
Cobble

Lower levels August March
Difference between high
and low: 0.18 - 9.41 feet

Clay

Gravel/silt/sand mix

Clay

Gravel/silt/sand mix

47

48
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5. Tools that tell us what
groundwater is doing

END Section 1- 5 minute break
Please complete Section 1 of the
evaluation form....and grab some snacks!

Streamflow
measurements
Monitoring wells/
“piezometers”

49

Where is the water table?
Monitoring wells

Water quality/chemistry
tests

50

Multiple wells show even more
well location
Opportunity

Water table
well or
“piezometer”

3900 ft
3883 ft
Cobble
Gravel/silt/sand mix

IF:
Enough wells with
good spacing

Clay

Readings within
days of each other
Sand

Gravel/silt/sand mix

Sea
level
51

52

Nested/clustered wells

Water table map of Opportunity

Show vertical movement details: up or
down

Opportunity

Groundwater
movement
shows
horizontal
movement of
water

Low (winter)
High(spring)

...but
groundwater
also moves
vertically
53

Hmm...a useful tool for this
situation?
54
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What water chemistry can show

Rain or
snow
Chemistry

O

gn

dP

Ma

an
ota
ssi

Where did it come from?
What did it pass through?
How long has it been in
the ground?

um

Temp.

m

Time

diu

Rocks and
soil

So

pH
Dissolved solids
Hardness
Electric conductivity
Redox potential

um

H

H

esi

Water chemistry: what’s in the
water besides H2O?

Calcium

55

56

Streamflow measurements: gw
and stream connections

A local example
Opportunity

Gaining
stream:
Willow Creek

Used to make statements
about:
Different sources of
groundwater in wells
Direction of groundwater
flow

57

No gain or
loss:
Mill Creek
west of
Hauser
Losing
stream:
Brundy, Mill
Creek east of
Hauser

58

Types of sources and patterns of
contamination

6. Contamination in aquifers

from a particular spot =
“point source”

Dispersed over a large area =
“non-point source”

OR

Mine waste:
Tailings
Slag
Flue dust

59

60
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Continuous source?

What can happen to
contaminants?

One-time source?
OR
“Dispersion”
or “dilution”

Breaks down:
“decomposition”
61

62

What can happen to
contaminants?

What can happen to
contaminants?

Chemically
incorporated

Uptake by life
form

“Adsorbs” or
attaches to
sediment/soil

Sinks or
floats and
remains

63

...it’s not always a one way
process

64

END Section 2- 5 minute break

environmental conditions affect what happens

Please complete Section 2 of the
evaluation form....and stretch!

Natural processes that reduce contamination amounts, concentrations:
“natural attenuation”
65

66
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7. Arsenic as a local
groundwater contaminant

Arsenic 3 (As 3) or Arsenic 5 (As 5)
Arsenite (As 3) forms
•Lower oxygen
•More toxic

Arsenate (As 5) forms
•Higher oxygen
•Less toxic
pH/acidity

Can’t be broken down/decomposed (it’s an element)
Common compounds

Oxygen

Soil structure

Organisms

Combines with:

Calcium Arsenate
Arsenous Acid
Arsenic Trioxide
Arsenic Pentoxide
Arsenic Trisulfide
Arsenic Anhydride
Arsenobetaine

Carbon

Oxygen

Iron

Other elements/compounds
Aluminum

Sulfur

67

Arsenic around Opportunity:
the official word
Surface or
groundwater with
As levels > 10 ppb

68

Groundwater Plume
High levels (10ppb+) in shallow water (1-10ft)
Levels highest in Willow Glen Gulch area: 249 ppb

Where is arsenic in these
waters from?
How is arsenic in Opportunity
wells lower in comparison?
Various official explanations
given in several Superfund
documents

What is clear: Arsenic levels increase when
soil is saturated (irrigation)
What is not clear: How exactly Arsenic is
getting into the groundwater during
saturation

69

Where does the arsenic go?

70

Tile drains may play a role

Not considered a source of arsenic to Opportunity...hmmm

esi

m
an

gn

diu
dP

Ma

So

um

Diluted by deeper, cleaner “Mill Creek Type” water

ota
ssi
um

Arsenic in southern drains:
23 - 129 ppb
71

72

Calcium

12

Instead: losing streams add shallow
arsenic

If this is the case:
No
Arsenic
With
flooding
With
Shallow
Arsenic
high arsenic water
stream

topsoil

gravel

sand

Logic: Arsenic at
shallow depths
and close to
streams

clay

gravel

clay
gravel

bedrock
73

74

Sediments/Soils being removed

8. Groundwater cleanup:
what’s going on now?

•Railroad
embankments

• Contaminated soil/sediment being removed

Opportunity

•Yellow Ditch
• “TI waivers” for ground and surface water

•Blue Lagoon

• Monitoring plan for groundwater

•Willow Creek
floodplain
N

75

“Technical Impracticability(TI)
Waivers”

76

Well monitoring

Arsenic goal won’t be met in TI zones:
10 ppb for groundwater
Standards for other contaminants and
materials still apply

Results reported “in electronic
format” twice a year

Justification:
No engineering methods can be
“reasonably implemented”

Results and well locations discussed
at every 5 year review

No solutions are considered to be
reliable into the future
TI status can be removed...but none has
been and there’s no established way to
do it
77

If well arsenic levels below 10 ppb,
monitoring and cleanup for arsenic
stops

78
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Non domestic (“semi-annual”)
monitoring wells

“Point of compliance” wells
Purpose: make sure Arsenic is not too high

Purpose: document water quality, look for changes

87 domestic wells
2 in groundwater plume
1 in Blue Lagoon to
south

• 2x every year
(spring and late
summer)

•Arsenic average >7ppb,
then 2x every year
(spring and late summer)

•Arsenic >10 ppb
does not trigger
contingency
plans

•Arsenic average <7ppb,
then 2x every five years
(spring and late summer)
79

Contingency plans for domestic
wells

80

9. What’s next?

If Arsenic >10ppb, contingency
plans triggered...

Informational pamphlet
about groundwater and
arsenic

•
•
•
•
•

Letter to EPA and other
organizations

Bottled water
Reverse osmosis system
Deeper well
Well replacement
Alternate water supply

??

Graduate!
81

82

END Section 3
Please complete Section 3 of the
evaluation form. Have any questions?

THANK YOU!!

83

84
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