Objective

A Use stable isotopes to identify if river is a
significant source of water to City spring

A Characterize isotopic signature of
groundwater, river water, spring water

A Identify difference or similarities, interpret



General Approach

. Collect samples

. Analyze for routine chemistry and stable
isotopes that occur in water (D/FRO/10)

. Graph with meteoric water line

. Evaluate/interpret; use in conjunction with
hydrogeologic data
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Variations in LMWL
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Site map with sample locations
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Summary of Sampling

Location November February April
2014 2015 2015

Piezometers

Springs X X X
River X X X

Seeps X X



Relevant subsurface data

Surface Bottom | Depthto | Top Of | Adjacent

Elevation,| Depth, | Elevation, | Bedrock, | Bedrock
Piezometer ft ft Comments

1,087 45.0 1,57 3 1054 ~965 Localppt

1,011 2465 7645 220 791 =eBe | Lyl il clte

WLE (83845)*

977 silty-clayey gravel
na from 984 to the well
bottom (951ft)

Not
encountered

1,017 66.0 951.0

P-3

*Elevation at springs is approximaté$8 and696ft for S1 and S2, respectively



Variation reflects
LMWL

Nov river reflects cold
season

Piezogeflect warm
season

P2 is lighter than P1
and P3, but still warm
season

Springs a mixture?

Questions remain

November sampling
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Variation reflects
LMWL

Seeps and springs
reflect cold season

River not as cold as
expected. Only local
liquid ppt available for
the river?

Springs and seeps are
similar

Suggests that springs
are distinct from River

Questions remain

February sampling
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P2 similar to springs
and seeps

P2, seeps, and spring
reflect cold season

River very light; likely
spring snowmelt

P-3 distinctly heavier
than R2

Suggests that springs
and seeps discharge
groundwater
recharged from same
source as that which
recharges P2

River recharge to
ANRdzy Rg | (O &
excluded, norcanitb
significant

April sampling
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Relevant hydrogeologlc iInformation

A Recharge area for P2 is large and mcludes hlgheﬁ\ X-section shows high permeability aquifer fror2Ro
elevation than recharge areas for P1 and P3 City springs

A P1 isotopic signature is heaviest (area A), then P8 Is elevation of springs controlling groundwater elevation
(area C), then P2 (area B) at P2 because there is such a strong connection?

A Areas C and A contribute to springs, mostly
recharged from local precipitation



All sampling events

Piezo variation reflects
LMWL shifts with
season, like Victoria

November springs

likely a mixture of

winter and warm

NEOKIF NBS:Z odzi OF yQi
anything from River)

Springs and seeps are
similar

Seasonallyseeps and
springs are distinct
from River

In conjunction with
other hydrogeologic
data, suggests that
spring discharge is
primarily local
precipitation and IF
there is recharge from
the river it is not
significant in volume



