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Groundwater Engineer Adrian Brown, P.E. 
• Denver consulting groundwater engineer 

– Developing, using, controlling and remediating water 
resources in mining, civil, municipal and industrial 
projects  

• Education 
– Bachelor of Civil Engineering 
– Master of Engineering Science 
– Master of (Public) Administration 

• Experience 
– 45 years international experience 
– 500 projects 

• Publications and Teaching 
– 50 papers and book chapters on groundwater 

engineering 
– Served as Adjunct Professor in Groundwater Engineering 

at the Colorado School of Mines 
– President Emeritus International Mine Water Association  

• Personal 
– Lived in the Denver area for 38 years 
– Raised two families 
– Created and runs an international groundwater 

engineering business 
– Past President Baker Historic Neighborhood Association 
– Past President City Club of Denver. 

 
 
 
 
 

 
 



• The City and County of Denver imposes a 
threefold stormwater fee increase 

• Funds a $300 million stormwater control 
project.  

• This project will: 
– Impact City Park Golf Course 
– Impact Globeville Landing Park 
– Impact/destroy affordable housing 
– Waste water by preventing infiltration 
– Flood low-lying downstream 

communities 
– Contaminate rainwater after it falls.  

• We need stormwater flood protection, but 
this project is unnecessary and harmful. 

• Fortunately we can protect ourselves 
naturally by allowing the stormwater to 
infiltrate.  
 

The Old Stormwater Management Paradigm in Denver 



• The 100 year design storm*: 
– 3½ inches of rain 
– falls in 6 hours 
– once every century 
– lesser amounts fall more frequently 

• Stormwater currently:  
– runs off our built environment 
– races towards the South Platte River 
– floods low-lying areas up to 6 feet deep 

*Urban Storm Drainage Criteria Manual, 2016 

Stormwater in Denver 
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Denver’s 6 Hour Storms 

http://www.udfcd.org/


• Computed from: 
– Areas based on quarter 

square mile grid 
– Storm depth = 3.5” 
– Storm time = 6 hours 
– Runoff estimate by type 

• Current stormwater flow: 
– 100 year/6 hour = 23,000 cfs 
– [5 year/6 hour = 13,000 cfs] 

• Mostly from: 
– housing (40%) 
– streets (19%) 
– industry (17%) 

 
 

Current Stormwater Estimate Source of Stormwater 

LAND USE TYPE DIA HOUSING IND/COMM ALLEYS STREETS ARTERIALS PARKS TOTAL
Area sq.mi. 41 50 21 4 12 10 9 146
Storm Depth inches 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
Duration hours 6 6 6 6 6 6 6 6
Precip flow cfs 15,246 18,837 7,928 1,570 4,359 3,633 3,200 54,773
Runoff % 0% 50% 50% 100% 100% 100% 10% 42%
Runoff flow cfs 0 9,419 3,964 1,570 4,359 3,633 320 23,264
Contribution % 0% 40% 17% 7% 19% 16% 1% 100%



• The infiltration solution: 
– Infiltrate house stormwater 
– Contain alley stormwater 
– Infiltrate commercial flow 
– Contain industrial flow 
– Contain street flow 

• “Natural” stormwater flow:  
– 100 year/6 hour = 10,000 cfs 
– Less than current 5 yr/6 hr 

 
 

 

Infiltration Control Stormwater Estimate A Natural Stormwater Solution 

LAND USE TYPE DIA HOUSING IND/COMM ALLEYS STREETS ARTERIALS PARKS TOTAL
Area sq.mi. 41 50 21 4 12 10 9 146
Storm Depth inches 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
Duration hours 6 6 6 6 6 6 6 6
Precip flow cfs 15,246 18,837 7,928 1,570 4,359 3,633 3,200 54,773
Runoff % 0% 10% 25% 25% 50% 100% 0% 18%
Runoff flow cfs 0 1,884 1,982 392 2,180 3,633 0 10,070
Contribution % 0% 19% 20% 4% 22% 36% 0% 100%



• The hydrologic basin in Denver that stormwater lands on is 
perfect for stormwater mitigation by infiltration:  

– Denver is flat, so stormwater stays where it lands.  
• Good for detention and infiltration 
• Bad for engineered drainage 

– Denver is permeable, underlain by sandy alluvial 
material: 

• Stormwater infiltrates on unsealed land  largely 
preventing runoff.  

• Fact: there’s essentially no runoff from natural 
prairies around here.  

– Denver water table is deep, 10-40 feet below ground: 
• Stormwater easily infiltrates vertically downwards 
• Doesn’t flood basements 
• Gets filtered and purified on the way. 

– Denver’s alluvial aquifer is a reservoir, storing stormwater 
in this water-starved region: 

• 3½ inches of infiltration causes 5-10 feet rise in the 
water table 

• Water is stored by this rise 
– Denver’s alluvial aquifer is a flow conduit, naturally 

transporting stormwater return flow slowly to the north 
to the South Platte River: 

• Arrives at river long after storm has passed 
• Available to water rights owners on the way 
• Fact: South Adams County gets almost all its water 

from this aquifer just downgradient of Denver 
 

A New Stormwater Management Vision 



“Queen City of the Plains” Denver is Flat 

USGS 1:250,000 scale map, vertical exaggeration ≈ 10:1 



Denver is Permeable 

• Shaded area 
has thickness of 
alluvial sand 
and gravel 
material in 
excess of 20 
feet 

• Contour 
interval is 20 
feet 

• Almost all areas 
have alluvial 
material in 
excess of 15 
feet 

Source: Robson SG 1996. Geohydrology of the Shallow Aquifers in the Denver Metropolitan Area, Colorado 

Figure 2: Thickness and Extent of Unconsolidated Sediments 
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Denver Water Table is Deep 

• Shaded area has 
depth to water 
in alluvium in 
excess of 20 feet 

• Contour interval 
is 20 feet 

• Dashed line 
indicates limit of 
water level 
contours 

• Almost all areas 
in Denver have 
at least 15 feet 
unsaturated 
alluvium 

• Unsaturated 
alluvium is a 
very large 
reservoir 

Source: Robson SG 1996. Geohydrology of the Shallow Aquifers in the Denver Metropolitan Area, Colorado 

Figure 7: Depth to the water table in the shallow aquifers 
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Denver Alluvium is a Flow Conduit 

• Shaded areas 
are alluvial 
valleys 

• Hatched areas 
are buried 
paleovalleys 

• Contours are 
altitude of 
bedrock, 20 
foot interval 

• Valleys and 
paleovalleys 
represent major 
groundwater 
flow conduits 

Alluvial valleys and buried paleovalleys 

Source: Robson SG 1996. Geohydrology of the Shallow Aquifers in the Denver Metropolitan Area, Colorado 

Figure 3: Altitude and configuration of the bedrock surface 



The New Natural Stormwater Management System 
• These conditions allow a natural solution to stormwater 

control in Denver by spending some of our $300 million in fees 
on the following program: 

– Houses: Require all Denver home owners to detain all 
stormwater on their properties and allow it to infiltrate 

– Parking Lots: Require all parking lots to detain all 
stormwater, and to be constructed of permeable 
pavement with no outlet 

– Businesses: Require new commercial buildings to detain 
all storm runoff at site and have no outlet 

– Alleys: Convert all alleys to permeable pavement and add 
“Denver Dams" – speed bumps - to detain stormwater  

– Sidewalks: Replace Denver's sidewalks with permeable 
pavement and fit “pram dams”. 

– Streets: Design all new and repaved neighborhood roads 
in Denver to detain rather than shed stormwater. 

• Note that this involves no change in the existing stormwater 
piping system in Denver, saving: 

– Parks 
– Houses 
– Golf 
– Floods 
– Contamination 
– Water, and… 
– Money 

Implementation Areas for the Denver 
Natural Stormwater Management System 



Houses 

Surround tree-lawn 
with retention dam 

Sidewalk dam 

Construct Denver 
Dam on edge of lot 
(optional where 
shared) 

Plug downspout 
pipes to alley 

Construct edge of 
house dam (option) 

Direct downspouts 
to detainment area 

The Denver Dam  
(more or less full size) 

The Brown House Stormwater Plan 

Plug downspout 
pipes to alley 

Direct downspouts 
to detainment area 



• Require all new parking lots to be 
constructed of permeable pavement 
and have no outlet 

• Provide incentives for retrofitting 
existing parking lots with permeable 
surfaces 

• Very simple engineering, and 
generally not difficult to build 

• In Denver, some permeable 
pavements (asphalt, concrete) don’t 
work well in freeze-thaw conditions 
 

Parking Lots 



• Require new commercial buildings 
to retain all storm runoff at site 
and allow it to infiltrate 

• Incentivize existing commercial 
buildings to retrofit such 
retention, using permeable 
parking lots or similar strategies. 
 

Businesses 



• Convert all alleys to concave permeable 
pavement 

• Add 3½ inch“Denver Dams" – a.k.a. speed 
bumps - along them to make detention 
basins 

• Encourages retention of up to 3 ½ inches of 
stormwater until it can dissipate 

• And makes the alleys safer for the rest of 
the time.  

• Denver doesn’t like fiddling with alleys, but 
it’s a small price to pay 

Alleys 

Alley Dam Section 

Alley with Denver Dams 



• Replace Denver's sidewalks with permeable 
pavement. 

• Contain water on them with little 3½“ high 
“pram dams”, flat enough to push a stroller 
or drag a dog over. 

• Restores a huge infiltration area.  
• Most sidewalks need fixed anyway. 

 

Sidewalks 

Sidewalk with Pram Dams 

Pram Dam Section 



• Streets and arterials are the source 
of more than 35% of all stormwater 
runoff 

• Consider re-designing all new and 
repaved neighborhood roads in 
Denver to retain rather than shed 
stormwater: 
– Eliminate camber 
– Turn gutters into overflow 

systems 
• Creates massive new detention 

capacity 
• Still allows automobiles to pass 

along them – slowly and safely – 
during even our heaviest storms. 

• A difficult – but doable – challenge 
for Denver traffic engineers 
 

Streets 

Camber on Denver Street 

Camber Detention Sections 



• With this strategy and community support – 
which is readily forthcoming - we can make 
Denver stormwater flood-proof in 5 years.  

• Requires substantial effort from the City: 
– Plan 
– Contract 
– Control 

• Work is mostly simple: 
– Can be done by citizens 
– Can be done by any contractor 
– Can be broken up into small packages 
– Keeps the economic benefit in Denver. 

• Incentivize by: 
– Changing stormwater fees for houses 
– Using stormwater fees to pay for 

materials and contractors 
 

Implementation 



• Think of it this way. 
• In Denver it's simply wrong to regard 

stormwater as a waste material: 
– to be disposed of as quickly as possible 
– flooding and contaminating our river 
– flooding our low-lying affordable 

housing 
• Stormwater is a precious resource: 

– To cherish 
– Keep clean 
– Save, and 
– Allow use to the benefit of all.  

• This stormwater strategy allows every 
resident to help the City to do that, timely, 
cheaply and naturally. 
 

The Sustainable Benefits 
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