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Groundwater – out of sight, but should not 
be out of mind….

Water 
bottle

River

Stream depletion means either direct depletion from the stream or 
reduction of return flow to the stream.

Recharge 
pit

Well



Groundwater Administration in 
Colorado

• 1965 – Colorado Ground Water Management 
Act



Topics
• Quick Overview of Area 

Aquifers
• Groundwater – Surface Water 

Interactions
• GW Highlight Topic

• GW Recharge (in this talk)
• Other interesting GW 

topics … (not in this talk)
• Water quality (Se, U, 

TDS, etc.)
• Produced Water Reuse
• GW pumping and 

influence on In Stream 
Flow Rights

• CO2 sequestration
• Geothermal



Colorado Aquifers 

Source: Colorado Groundwater Atlas





Aquifer Types

• Unconsolidated 
Sediments

• Sedimentary Bedrock

• Fractured Crystalline 
Rock & Volcanic Rock



Unconsolidated Aquifer (CGS)

Near Debeque, Colbran, Palisade



Unconsolidated 
Aquifer

Palisade, Grand Junction, 
Fruita



Sedimentary Bedrock Aquifers





Example CGS Map -  Entrada Aquifer



Fractured Crystalline Bedrock Aquifers
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Non-injury

Quantify and replace impacts to surface water 
rights holders in location, time, and amount of 
depletions

 

Well flow meter



Unconsolidated Aquifer Cross 
Section Demonstrating Stream 

Depletion
EXPLANATION

Volume of cone of 
depression refilled since 
pumping stopped

Graphic from 
USGS



Stream Depletion and Accretion

⚫ Stream depletion is most commonly caused by well 
pumping.

⚫ Stream accretion is most commonly the result of recharge 
projects, ditch leakage, lawn or farm irrigation return flow.

⚫ For both stream depletion and accretion  there must be a 
hydraulic connection between the aquifer and the stream 
in order for stream depletion or accretion to occur.

⚫ Direction and velocity of groundwater flow do not affect 
results.

⚫ More accurate estimate ->  More 
conjunctive use w/o injury!



Data Needed to use Glover Equation (1954)

Glover Equation

Complementary Error Function

Semi Infinite Aquifer and Stream

a

Map view:

Cross section view:

No flow boundary

Transmissivity (ft^2/day)
Specific Yield or Storativity (Sy or S)
Distance from well to river



Confining Layer

Confined aquifer

Unconfined
 aquifer

Unit Width of 
 aquifer

b = 100 ft

T = K * b
b = aquifer thickness

5,000 FT^2/DY*7.48
= 37,000 gpd/ft

T = 50 ft/day * 100 feet
T = 5,000 FT^2/Day

K = 50 ft/day



Total: 
100 af

Total: 
100 af





Example of Farm Return Flow with Glover Eq.



Managed Aquifer Recharge (image:  CGS) 



Colorado Geological Survey Recharge Study – Grand Valley Results







Folder: HRS Recharge Site Models and 
Memo\Figures

September 21, 
2023 

22-04

LAWMA

Max Recharge Modeling

Figure 3. Example MAR Site Prior to Recharge

Example Alluvial Recharge Operation on Alluvial Terrace



Folder: HRS Recharge Site Models and 
Memo\Figures

September 21, 
2023 

22-04

LAWMA

Max Recharge Modeling

Figure 4. Example MAR Site During Recharge

Example Alluvial Recharge Operation on Alluvial Terrace



Questions

• Aquifer recharge and 
water banking 
possible in Mesa Co.?

• Any benefits to 
conjunctive use?

• E.g., Capture early season 
runoff and re-time to when 
needed?

• Any potentially NT 
sedimentary bedrock 
aquifers?



Thank you!
mseitz@HRSwater.com



Additional Slides



Colorado River 
Basin



Gunnison 
River Basin



Dolores River Basin



Groundwater Administration in 
Colorado

• Water Right Determination and Administration Act of 
1969
– Integration of GW into SW prior appropriation system
– “Revolutionary” concept:  allowing out-of priority 

diversions per an approved augmentation plan
– Creation of Water Courts

“Recogizing that previous and existing laws have given 
inadequate attention to the development and use of 
underground waters of the state, that the use of underground 
water as an independent source or in conjunction with surface 
waters is necessary to the present and future welfare of the 
people of this state, and that the future welfare of the state 
depends upon  a sound and flexible integrated use of all water 
of the state.” – 1969 Act (CRS 37-92-102(2).

“Glover Equation” has become the de-facto method in Colorado Groundwater cases…..



Groundwater 101 – Understanding the 
inputs to the Glover Equation

USGS Circular 1376

Key references:



Piceance Basin



Paradox Basin



Gaining 
Stream:

Losing 
Stream:



Robert Glover

Robert Ellsworth Glover (1896 – 1984)

United States Reclamation 
Service (later USBR) – 1920 
through 1954

Boeing aircraft  

United States Geological 
Survey 

Developed and taught 
groundwater course at CSU.

   
River Depletion Resulting from Pumping  a well Near a River (1954)

Textbook:  Transient Ground Water Hydraulics (1974)
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