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SSWVS Lots of “Ways” — Security
depends on ...
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What is Glover solution? ~
Hy drog e O l Ogy The Glover-Balmer Solution was developed in 1954 by Robert Ellsworth Glover and Glenn

G. Balmer. This analytical solution for estimating impacts to streamflow from the pumping




Where did it go - ASR

(Aquifer Storage and Recovery)




Particle Tracking

Think trampoline
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If OUT >> than IN...Like working
at the bottom of a pit
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~6 miles by 6 miles

Center for

Contaminant Hydrology

ASR Wellfield Water Levels

Original work: 2018
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e Stored Water
* Energy

* Operational Issues
o Sustaining flows
o Protecting well screens

(openings)
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Figure 2. Example data for a municipal wel in the Denver Basin. The wellhead elevation is 1,920 mefers above mean sea level
(m amsl), indlicating water denths ranging from 230 to 420 m below ground surface. Measured water levels are shown a5 open
CIrCes; pumping rates are Snown as grey bars.
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Stored Water

Herein, the analytical model of Lewis et al. (2016) was applied to three vertically stacked ASR wellfields using |5 years of
pumping/recharge data from 40 wells. During the study period, 45 million m3 of groundwater is produced and
| | million m3 is recharged, leading to a net withdrawal of 34 million m3 of groundwater
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Results indicate that during recovery and no-flow periods, recharge has increased water levels at wells up to
60 m compared to the no-recharge scenario. On average, the recharge increased water levels during the study
period by 3,4,and || m for wells in the Denver, Arapahoe, and Laramie Fox-Hills Aquifers, respectively
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Fig. 8 Average of daily water level difference at wells with and without recharge for each aquifer (blue);
historical average (all times) of water level difference at wells with and without recharge for each aquifer (red)

Denver Basin Aquifers, recharge also enables groundwater extraction in excess of allowable annual
allocations during periods of high demand including drought.



Colorado Water
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Figure 3. (a) Arapahoe Aquifer potentiometric surface map and (b) estimated energy intensity for groundwater pumping in the
Arapahoe Aquifer. Circles represent active municipal wells.

Evaluatingh

the Energy Cost of 7
Groundwater Production in— »
the Denver Basin Aquifer:

...the energy cost
associated with lifting
water is 5.4 kWh day"!
per household,
approximately 25% of
the average electricity
consumption for
household end uses.



Operational Issues

Aquifers work better when they are full

* Sustaining flows

* Protecting well screens (openings)



Water Quality

* |t all depends...

* Lots of operational solutions



Summary - Security of Stored VVater

* ASR

o Easy to hard
o Operational Solution for ...

e |solated Alluvial
o Mostly easy
o Needs to be demonstrated

* Return Flows
* Complicated

e Defined Process
e WORKS



In all fairness...  Security of
Subsurface v. Surface Water

Losses (acre-ft/year) Value of Water Rights
1,000,000 $50,000,000,000
—) ~$50,000 / foot — n—)p
700,000 ’ 0 $35,000,000,000

Not to mention water quality ... Evapo-Concentration of salts



Closing and Comments

“The redemption of the Arid Region involves engineering
problems requiring for their solution the greatest skill. “
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