Hydrology and water properties
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Hydrological cycle
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Lake water balance

Mass balance

Input
Direct precipitation to lake surface
Watershed rwoff
surface and subsurface flows
Groundwatemfiltration

Output
Drainage (stream)
Evaporation an@vapotranspiration
Seepage into groundwater



L ake water balance

(a) Lake Wingra (b) Lake Mendota

Precipitation Evaporation Precipitation Evaporation

Surface inflow @ a Surface outflow Surface inflow a a Surface outflow

Net groundwater 8% @ 12%
Groundwater Groundwater
(@) (b) input output

FIGURE 11.9 (a) A model of the annual water budget for Lake Wingra, Wisconsin. (b) A model of the annual water budget for
Lake Mendota, Wisconsin. The percent of input and output are on an annual basis. Source: Data from IES, 1999 and Brock, 1985.
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Lake water balance

Open vs. closed lakes
Closed = evaporation only escape of water

Open= stream outlet or seepage

Depends on landscape location and local topography
e.g., closed lakes often in between mountain ranges

affects chemistry and biology -=alinity high in closed lakes
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Hydrology

Vadose zone
(zone of aeration)

Water table

Vadose zone — nosatrated top surface

water kept here by adhesion and capillary action
Saturation zone
Base flow- relatively constant groundwater input to streams
Groundwater Rechargeflow to surface waters
Groundwater Discharge flow to groundwater



Depth (cm)

Does depth predict drying in temporary ponds?

Drying times for study ponds

AR

SN
20 X/ <§k%i

W

10 | V )
0O + e = = = = e = = : >
0] 5 10 15

Weeks with visible water

20



Human effects

: - Depleting groundwater

o leads to lowered water tables

__ subsidence

WiSCONSINTE Ll saltwater intrusion along coagtd)
Depleting surface water

Impacts of overpumping of ground water and
graun ter depletion
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Human effects

Depleting surface water
E.g., Mono Lake, CA

Since 1941 water diverted ~ 250 miles to |

1976 - water dropped 39 feet
Undergrad study galvanizes interes

I e ]
aguntherphotography.com

Current target 6392 feet



Human effects

Increase in evaporation

Irrigation, canals and reservoirs
account for ~10% of continental evaporation
- 50%




Wonderful water



Properties of water
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Thermal Features of Water

e Thermal buffering
— High Specific Heat
e Takes much energy to warm water
* Only exceeded by ammonia and liquid hydrogeng

— High Latent Heat
e Retains heat well
e Large lakes freeze later and maybe not at all
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Surface Effects

e Surface tension (high
cohesion)

— Very high due to hydrogen
bonds

— Highest except for mercury

e Adhesion (binds to surfaces)
— Hydrophilic (high)
— Hydrophobic (low)




Viscosity

Resistance to flow
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Measurement unit
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Viscosity - Laminar vs.
Turbulent Flow
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Viscosity - Laminar vs.
Turbulent Flow

Turbulent

Laminar Reynolds number <1




Reynolds Number

Inertial forces dUI Ul

. = Re = dUl : u
viscous forces Ul \%

U = m/s = relative speed Key variables for
| = length in direction of flow| living organisms

0 = density of water (depends on temp)
L = ViScosity

Wl
v = kinematic viscosity = s (water =1 x 10° n¥/s @ 20 C)
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Reynolds Numbers

Whale 150,000,000

Mike Phelps 5,000,000 R.Is large,

Trout 400.000 turbulence prevails
Daphnia 25

Protist 0.1

R, Is amall,
Filtering setae 0.001 laminarflow
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Biotic Iimportance:
Reynolds Numbers

Small organisms surrounded by boundary layer
diffusion needed to transport
slow, limiting process

Turbulencesffective transporter




Today:

Hydrology of lakes
Human effects on hydrology

Water has many properties conducive to aquatic living
Reynold’snumbers

NO CLASS TUESDAY
Thursday Physical and¢hemicallimnology

Lab— Room 179, zooplankton ID
Bring laptops with wireless
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