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Stanford Stormwater Facility Tour 
Stanford Water Resources and Civil Infrastructure 

Welcome to the Stanford stormwater facility tour. We highlight nine sites across campus to demonstrate how 
Stanford is managing its stormwater to improve flood protection, protect runoff water quality, replenish 
groundwater, and beautify the urban landscape.  

 
 

 Learn more about stormwater at Stanford by visiting suwater.stanford.edu/stormwater-overview.  
 For definitions of bolded terms, see the Glossary at the end of this document. 

 
What is stormwater and its natural role? 
In natural areas, soil and plants absorb rain like sponges. 
Instead of flowing away as stormwater, most of the rain either 
evaporates or slowly soaks into the ground by infiltration. 
(Bicknell, Kerr and Atre 2.1-2; NRC 5, 14) 

Water that infiltrates into the earth may eventually reach an 
aquifer, an underground region of sediment that is saturated 
with water (US Geological Survey). Stanford University – along 
with Palo Alto, East Palo Alto, Menlo Park, and Atherton – lies 
above an aquifer called the San Francisquito Cone. The Cone 
was formed over tens of thousands of years, as San 
Francisquito Creek carried sediment from the foothills and 
deposited it over a broad alluvial plain. This porous sediment now stores a huge amount of rainfall and creek water 
that has infiltrated from the surface. (Sowers, San Francisquito Creek Watershed & Alluvial Fan; Northwest Hydraulic 
Consultants 22; Luhdorff & Scalmanini Consulting Engineers 4) 

Like a dripping sponge, the Cone and other aquifers provide a 
steady baseflow to our creeks, keeping stretches of streams 
flowing even into the summer (NRC 28; Riparian Areas: Functions 
and Strategies for Management 59; Jones & Stokes 23). And in the 
past, springs fed by the Cone also sustained sausals – large willow 
marshes – in lowlands ringing the Bay (Grossinger and Askevold). 

Even as cities replaced the sausals, the San Francisquito Cone 
remained an important water supply. As late as the 1960s, it was 
the main source of drinking water for Stanford and Palo Alto 
(Luhdorff & Scalmanini Consulting Engineers). Even today, the 
aquifer supplies about half of the University’s non-potable 
irrigation water and remains on standby for use as emergency 
drinking water.   

Figure 2. Map of San Francisquito Cone (orange) 
and Creek (blue) (City of East Palo Alto 8) 

Figure 1. Natural places like the Stanford Dish area 
capture rain and allow it to infiltrate into aquifers 

https://suwater.stanford.edu/stormwater-overview
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How do people impact stormwater?  
Unlike soil and plants, impervious roads and 
roofs force rainwater to quickly flow away 
into manmade storm drains, generating 
bursts of stormwater runoff that flood local 
creeks and degrade riparian habitat. (NRC 
182; Urban Stormwater Management in the 
US 5-6) In 1998, San Francisquito Creek 
experienced its largest recorded flood, 
inundating low-lying neighborhoods and 
causing $28 million in property damage. 
(Sowers, San Francisquito Creek Watershed 
& Alluvial Fan; Rofougaran and Karl 1-3; 
SFCJPA 2)  

The west side of Stanford’s campus is within the San 
Francisquito Creek watershed, while the rest of 
campus drains to Matadero Creek (Nolte Associates 
A1.4). During this tour, we will visit various facilities 
Stanford has implemented to minimize the impact of 
developed surfaces and protect downstream 
neighbors.  

Impervious surfaces can also worsen droughts by 
limiting infiltration into our aquifers, which can 
reduce the baseflow that sustains creeks into the dry 
season (NRC 155; Jones & Stokes 24). 

Moreover, runoff from streets carries pollutants like 
trash, pesticides, sediment, and fertilizers. Without 
the natural treatment provided by soil, these 
contaminants travel directly into creeks and the Bay. 
Widely dispersed, non-point sources like urban 

runoff (as 
opposed to 
point sources 
like 
wastewater treatment plants) are now thought to be the largest contributor of 
water pollution to San Francisco Bay. (CA Regional Water Quality Control 
Board Region 2 4.1.2) 

What can we do?  
Unlike traditional buildings designed to send stormwater away as quickly as 
possible, low impact development (LID) reduces runoff and manages it on-
site. The most important principle of LID is to minimize the impervious 
surfaces that generate runoff; this can be done by preserving unpaved areas or 
using permeable pavement. For unavoidable impervious surfaces, runoff is 
redirected to storage, treatment, or infiltration facilities like bioretention 
areas and infiltration trenches. (Municipal Regional Permit 17-19; Bicknell, 
Kerr and Atre 2.3) Larger quantities of stormwater may require more 
sophisticated facilities beyond the scope of LID, such as regional detention 
basins for flood control. 

Figure 4. Urban development reduces infiltration and increases runoff.  
(Bicknell, Kerr and Atre 2.2) 

Figure 5. An onsite LID treatment 
measure called a flow-through 

bioretention planter, at Highland Hall 

Figure 3. Stanford campus is within the San Francisquito Creek 
and Matadero Creek watersheds (Sowers, Creek and Watershed 

Map of Palo Alto and Vicinity) 
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Under the Bay Area’s regional stormwater permit, which is mandated by the Clean Water Act, development projects 
must control runoff and pollution through LID or regional stormwater treatment facilities. (Bicknell, Kerr and Atre 
2.3-10; Municipal Regional Permit 17-19)  To comply with the regional stormwater permit, Stanford has been 

installing stormwater controls as a best management 
practice (BMP) for all qualifying projects. As of July 2018, 
the University has installed roughly 100 bioretention 
cells, 3 trash separation devices, 7 vegetated swales, 
more than a dozen infiltration trenches, and 2 
stormwater capture facilities. University staff routinely 
inspect and maintain these facilities to ensure they are 
functioning as intended. In this tour, we highlight 8 LID 
sites and 1 regional stormwater facility. 

In the future, Stanford will increase the use of regional 
facilities like stormwater capture, as opposed to smaller, 
on-site measures like bioretention planters. Overall, 
these regional facilities are expected to be more space-
efficient, easier to maintain, and more cost-effective, 
while also providing a sustainable water supply for the 
University’s non-potable lake water irrigation system. 

 

You too can protect stormwater by: 
1. Properly disposing of litter and hazardous waste. Stanford residents should consult guidelines at 

cityofpaloalto.org/hazwaste to determine if their waste is hazardous and to find a drop-off location. 
2. Using Bay-Friendly gardening principles, such as reducing impervious surfaces or capturing rainwater. 

Visit rescapeca.org for to learn more.  
3. Volunteering with local environmental organizations. The Stanford Conservation Program 

(conservation.stanford.edu) hosts habitat restoration workdays throughout the year. 
4. Supporting the protection of open space and wilderness. 
5. Talking with people you know about stormwater or starting a campaign to reduce waste and pollution in 

your local community. 

  

Figure 6. Map of the nine sites highlighted on this tour 

http://cityofpaloalto.org/hazwaste
https://rescapeca.org/
https://conservation.stanford.edu/
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1. Galvez Lot: Encouraging Infiltration 
This is the Galvez Lot, located on Campus Drive and Galvez Street. 
Constructed in 2012, this 4.46 acre lot has space for 423 cars and is 
used for event parking. Though it appears to be a typical parking 
lot, it in fact has special features for handling stormwater. 

The surface elevation of the parking lot was graded to resemble the 
undulations of an accordion, forcing rainfall to flow towards the 
strips of concrete between each row of cars.  

Walk up to one of these concrete 
strips and you will notice it looks 
like Swiss cheese, with many 
pores and holes. This is an 
infiltration trench made of 
permeable concrete. When it 
rains, water percolates through 
the pores and soaks into the soil below. 

Infiltration trenches should not be installed 
where there is a risk of contaminating 
groundwater. Especially near parking lots, it is 
possible that run off contaminated with leaked 
car oil or gasoline could pollute the 
groundwater. However, the aquifer deep below 
the Galvez Lot is a "confined aquifer", meaning it 
is protected by a layer of clay that blocks water 
from entering from above. The deep aquifer is 

further protected from contamination because the soil can naturally filter and 
treat stormwater. 

For an infiltration trench to work, the soil beneath needs to be porous enough for 
water to flow through. Luckily, this parking lot sits on silt loam, which has 
adequate infiltration. Over time, the permeable concrete can become clogged 
with sediment and debris, so it is occasionally vacuumed or power washed. 

In addition to the infiltration trenches, there are several planter 
medians that also infiltrate rainwater. These planters have large 
cobblestones and oak or eucalyptus trees. 

Excess runoff flows to the north side of the parking lot, where 
there are five drains. These discharge water to Toyon Grove, 
where it continues to infiltrate into the field. The drains can 
quickly fill up with leaves from the eucalyptus trees above, so 
they must be cleaned before each rainy season using a vacuum 
truck.  

Thank you for visiting the Galvez Lot. Feel free to continue the 
tour by selecting another location, or click the drop-down menu 
at the top of the page for more background information.  

Figure 7. Each row of parking spaces slopes towards 
an infiltration trench 

Figure 8. Infiltration trenches are 
made of permeable concrete 

Figure 9. Infiltration trenches need 
to be cleaned of sediment 

Figure 10. Planter 
medians also help 

infiltrate rainwater 
Figure 11. Storm drains 

discharge water to Toyon 
Grove 
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2. Bing Concert Hall: Native Meadows Slow Stormwater 
After its opening in 2013, Bing Concert Hall became a popular performance 
venue. But did you know this Concert Hall can treat its own stormwater? Runoff 
from the roof, some of the nearby pavement, and parts of Campus Drive is sent 
to four planted depressions surrounding the Hall. These depressions are called 
bioretention areas, which act like sponges that collect stormwater runoff and 
filter it using plants and soil. The treated water soaks into the ground or is slowly 
released to the storm drain through the underdrain system. 

There are bioretention areas on the north, 
south, and east sides of the building, as well as 
a fourth one along Campus Drive. They are 
planted with grasses and wildflowers, 
including native California poppies and blue-
eyed grass. The plants are irrigated in the 
summer to keep them alive year round. 

Do you see piles of rocks among the grass? 
Hidden under these rock piles are the pipes 
where water from the roof is discharged. The rocks and the T-shape of the pipes 
slow down and dissipate the energy of the water to prevent erosion. 

The bioretention areas must be 
properly drained to prevent flooding 
and standing water. In addition to 
natural infiltration, there is a 
perforated drainpipe buried 2 feet 
deep along the bottom of each 

depression. In case of intense rainfall, water can also flow into 
overflow drains at the end of each bioretention area, which eventually 
flows to Matadero Creek. 

Finally, on the north side of the concert hall is a service vehicle 
driveway made of turfstone, or permeable pavers. These concrete 
pavers have holes between them that are filled with gravel and plants, 

allowing water to percolate 
through.  

Thank you for visiting Bing 
Concert Hall. Feel free to 
continue the tour by selecting 
another location, or click the 
drop-down menu at the top of 
the page for more background 
information.  

Figure 12. A bioretention area 

Figure 13. The area is planted 
with native grasses and 

wildflowers 

Figure 14. A T-shaped pipe slows down water 

Figure 16. The bioretention areas are 
drained by storm drain inlets and 

underground pipes 

Figure 15. A service driveway composed of 
open pavers 
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3. Anderson Collection: A Lush Rain Garden 
It’s hard to believe this lush garden by the Anderson 
Collection was once a parking lot. Comparing 
photos from 2014 and 2018 shows that the 
vegetation has grown quite large since the 
installation.  

 What's more, this is no ordinary garden. It is 
specially designed to treat stormwater! The garden 
is a bioretention area, which acts like a sponge that 
collects rainwater and filters it using plants and soil. 

The bioretention area is 2,400 square feet, and can 
treat runoff from up to 60,000 square feet of 
impervious surface. Runoff from the roof of the 
Anderson Collection discharges into the 
bioretention area via a pipe system that is 
connected to a bubbler, which is a small concrete 
box with a metal grate. Bubblers slow down the flow of the water as it enters the bioretention area to help reduce 
erosion. A second bubbler discharges runoff from the nearby paths.  

The water then fills the vegetated area to be filtered and temporarily stored. Some 
of the water will also infiltrate into the groundwater aquifer, though that is not the 
main purpose of the bioretention area.  

Selected plant species include grasses like blue gramma (Bouteloua gracilis), tufted 
hair grass (Deschampsia cespitosa), and California fescue (Festuca californica), as 
well as other native plants like spreading rush (Juncus patens), and Pacific Mist 
manzanita (Arctostaphylos 'Pacific Mist'). These plants must tolerate extremes of 
inundation and droughts, because the 
bioretention area frequently collects 
stormwater in the winter, but also drains 
water relatively quickly. Along the banks are 
native San Bruno coffeeberries, which have 
red and black berries in early summer. 

If the bioretention area fills up, the water 
will overflow into the storm drain, then 
drain to Matadero Creek, and eventually the 

Bay. To prevent clogging and flooding, the University’s Water Shop and 
Grounds crews keep the drains and bubblers clean of leaves and debris.  

Thank you for visiting the Anderson Collection. Feel free to continue the tour 
by selecting another location, or click the drop-down menu at the top of the 
page for more background information. 

 

  

Figure 17. Anderson Collection bioretention area in 
2014 (left) and 2018 (right) 

Figure 18. Water enters the 
bioretention area from a bubbler 

Figure 19. Excess water discharges to 
the storm drain 
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4. Sand Hill Fields: Regional Stormwater Management 
The Sand Hill Fields provide outdoor areas for sports and recreation. But did you know this facility also captures 
stormwater? 

Notice that the sand volleyball courts and 
soccer fields sit at a lower elevation than the 
surrounding land, forming two basins with 
capacities of 1.3 and 8.7 acre-feet of water. 
That’s enough to fill 5 Olympic-sized 
swimming pools! During storms, runoff from 
the storm drain system is diverted to these 
basins for temporary storage. As Stanford 
constructs new buildings and impervious 
surfaces on campus, these basins are critical 
for mitigating runoff and reducing the risk of 
flooding along San Francisquito Creek. 

In 2018, the University built a pump station to pump stormwater from the basins into our non-potable lake water 
system, which irrigates campus landscaping. In 2019, 9 million gallons of stormwater were captured from the site, 
providing 2.5% of non-potable irrigation needs that year. 

How it works 
Storm drains carry runoff from an area of over 600 acres towards the 
basins. The runoff is then diverted from the storm drain at three 
locations, using weirs and orifices to control the amount of flow. All 
runoff up to the 2-year storm is diverted. During larger storms, a 
portion is diverted while the excess flows to San Francisquito Creek. 

At low flows, diverted runoff is pumped directly to the lake water 
system. When the pump’s capacity is exceeded, the surplus water 
overflows into the two basins for temporary storage. The pumps 
then slowly remove the water from the basins and send it into the 
lake water system. 

The system includes measures for treating stormwater, including 
filters that remove sediment and large particles before it is pumped 
into the lake water system. Additionally, water that enters the sand 
volleyball courts must first pass through a trash separator, which 

Figure 20. The sand volleyball courts (upper left) and soccer fields (center 
and right) act as two giant bathtubs for storing stormwater  

Figure 22. 67.7-acre area draining to the Sand  
Hill Fields (hatched blue) 

Figure 21. 9 million gallons were captured in 2019 
Figure 21. A pump station sends captured 

stormwater to the University’s irrigation system 
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works like a pasta strainer. The separator is buried below ground and must be cleaned regularly during the rainy 
season. 

On the other hand, runoff diverted to the 
soccer field basin is not treated. However, 
the excess runoff that is sent to San 
Francisquito Creek is treated using a CDS 
(continuous deflection separation) unit, a 
concrete cylinder that removes trash, oil, 
and sediment as water swirls within the 
device. Note that not all storm drains on 
campus lead to treatment facilities, and that 
it is never appropriate to throw trash, oil, or 
waste of any kind down the storm drain.  

Going forward, 
Stanford hopes to build 
additional stormwater 
capture facilities. 
Eventually, these 
facilities could supply a 
quarter of non-potable 
irrigation needs at Stanford, while also being easier to 
maintain, more space efficient, and more cost 
effective than the smaller scale bioretention areas 
seen at other sites. 

Thank you for visiting the Sand Hill Fields. Feel free 
to continue the tour by selecting another location, or 
click the drop-down menu at the top of the page for 
more background information. 

 

  

Figure 23. Surplus water 
overflows to the basins via 
bubblers, which look like 

typical storm drain grates 

Figure 24. Installation of the CDS unit 

Figure 26. The soccer fields Figure 27. The sand volleyball courts 

Figure 25. Diagram of how the stormwater capture facility works 
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5. Central Energy Facility: Safeguarding 
Stormwater Quality around Industrial Sites 

The Central Energy Facility provides 
campus buildings with energy, heat, and 
cooling using grid electricity and a hot-
water-based heat recovery system. When it 
opened in March 2015, it reduced 
Stanford’s total water use by about 15% 
and its greenhouse gas emissions by about 
68%. The Facility is a critical part of the 
Stanford Energy Systems Innovation 
project. (Lapin and Chesley) 

In addition to its energy innovations, the 
Central Energy Facility’s grounds were designed to provide a buffer against accidental 
industrial discharges and preserve natural hydrologic processes. Where possible, existing 
coast live oaks, valley oaks, California black walnuts, bay laurels, and eucalyptuses were 
preserved. These trees catch and slow down rainfall, as well as stabilize the soil and remove 
air pollutants.  

The architects also tried to minimize 
impervious surfaces. Instead of pavement, several areas are covered 

with rocks and reinforced with plastic 
rings. This includes the gravel access 
path for service vehicles on Fremont 
Rd. The Facility has a total of 4.76 acres 
of impervious area, making up only 
41% of its total footprint. 

To treat runoff from the unavoidable 
impervious surfaces, such as the high-
voltage substation and building roofs, 
four bioretention areas were 
constructed around the building. These 
are vegetated depressions that act like 
sponges, collecting and treating 
stormwater runoff from the roof and 

pavement. The stormwater runoff from 
these surfaces bubbles out of large 
rectangular grates within each 
bioretention area, and spills out over the 
rocks. The plants and soil filter the 
stormwater and store it temporarily, improving water quality and reducing peak flows 
into the storm drain. As a side benefit, some of the stormwater will infiltrate into the 
ground or be absorbed by the plants. If the entire depression fills up with water, it will 
overflow into a circular grate connected to the storm drain system and eventually 
discharge to the Bay. The imported soil within the bioretention area has a percolation 
rate of between 5 and 10 inches of water per hour to make sure enough water is being 
processed, but also giving the plants enough water so they don’t dry out. A perforated 
pipe buried underneath also helps drain the area. 

Figure 27. An oak tree catches and 
slows down rainfall 

Figure 31. A bioretention 
area 

Figure 29. Bioretention area with bubbler 

Figure 30. Reinforced gravel 

Figure 28. Bioretention 
area at the Central 

Energy Facility 
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Plants in the bioretention areas were carefully selected to be both drought-tolerant but also able to handle flooding. 
The species chosen include Common Rush (Juncus patens), Large Cape Rush (Chondropetalum elephantinum), and 
red maple (Acer rubrum 'Franksred'). Vine Hill manzanita (Arctostaphylos densiflora) was planted around the 
bioretention basins. These plants also provide food and habitat for native species. 

Before reaching the 
bioretention areas, 
stormwater from the 
transformer yards is 
first treated using two 
sand-oil interceptors. 
A 2,500 gallon 
interceptor is inside 
the facility, while a 
5,000 gallon one is 
buried beneath the 
side path. If there is a 
spill of oil from the 
transformers, these 
separators will 
prevent the oil from 
reaching the storm 
drain system. The 
separators are dual-
chamber concrete 
boxes. The first chamber allows oil to float to the top and sediment to sink to the bottom. Relatively clean water 
passes through to the second chamber and out to the storm drain.  

Thank you for visiting the Central Energy Facility’s stormwater features. Visit https://bookwhen.com/8ed8w to 
schedule a tour of the Facility. Feel free to continue the stormwater tour by selecting another location, or click the 
drop-down menu at the top of the page for more background information. 

 

  

Figure 32. The sand-oil interceptor has two chambers for separating oil from water 

https://bookwhen.com/8ed8w
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6. Roble Field Garage: A Case Study in Stormwater Permit Rules 
Welcome to the Roble Field Garage (Parking Structure 
10), which is currently undergoing review for Parksmart 
sustainability certification. Opened in 2017, this five-level 
underground garage has over 1,100 parking spaces, as 
well as a recreational field on its roof. Roble garage is a 
good example for studying the rules of the Municipal 
Regional Stormwater Permit (MRP), because it uses 
multiple mechanisms to fulfill requirements. The MRP, 
issued to Bay Area cities under the Clean Water Act, 
mandates that new developments and redevelopments 
incorporate permanent features to slow down and treat 
typical amounts of stormwater. 

The most obvious feature of the garage is the giant green 

roof, which covers over half of the project area. Like a 
sponge, the green roof holds and treats some rainfall. 
Captured water either trickles into the storm drain system 
or evaporates. Because of these natural storage and 
treatment processes, and the fact that the green roof does 
not accept potentially contaminated runoff from nearby 
impervious surfaces, the MRP considers this field a "self-
treating area.” This means stormwater flow from this area 
is probably slow enough and clean enough to discharge 
directly to the storm drain. This reduces the need for 
stormwater treatment systems like bioretention areas. 

There are also a 
number of "self-
retaining" 
regions, 
including Panama Mall and the two elevator entrances on Santa Teresa 
Street. Self-retaining areas are similar to self-treating areas in that they 
contain pervious surfaces like lawns, landscaping, or permeable pavement 
that encourage natural stormwater treatment processes. The difference is 
that pervious surfaces within self-retaining areas collect runoff from 
nearby impervious surfaces, up to twice their size. For example, runoff 
from Panama Mall flows to an area of mulched soil, while the elevator 
entrances drain to planted areas. 

The project also creates impervious surface that is not self-retaining. 
Runoff from these surfaces is sent to two bioretention areas on Panama 
Mall. Similar to self-retaining areas, bioretention cells are landscaped areas 
that collect and treat runoff from impervious surfaces. However, 
bioretention areas are subject to much more stringent design requirements, 
allowing them to treat larger quantities of water.  

Figure 33. A green roof and bioretention area capture 
and temporarily store rainwater 

Figure 34. Overhead view of the garage 

Figure 35. A disconnected downspout 
directs runoff from the elevator entrance 
roof into a landscaped self-retaining area 
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Runoff from Via Ortega flows into a drain and bubbles up through the 
small circular grate in the first bioretention basin. Runoff from the garage’s 
entrance ramp is pumped into the second bioretention basin closer to 
Roble Gym. The basins are planted with rushes, rosemary, and manzanitas. 
The plants and specially-designed biotreatment soil filter the stormwater 
and store it temporarily before letting it trickle into the storm drain system. 
Excess water is discharged via the second grate into the storm drain. The 
basins must be maintained to prevent trash accumulation and erosion. The 
plants are also irrigated during the dry season. 

Finally, a small area (2,400 square feet or 0.055 acres) around the crosswalk 
on Santa Teresa and Via Ortega drains directly to the storm drain without 
any treatment. The University can compensate for this by planting or 
preserving trees (which help slow down stormwater), or by treating an 
equivalent amount of stormwater at another location within the same 
watershed. These practices are known as “in lieu” credits or treatment. 

 

Figure 37. Stormwater treatment methods at Roble Garage. Self-treating areas treat 56% of the project area, bioretention 27%, self-retaining 
areas 14%, and in-lieu treatment/credits 2%. By definition, self-treating areas are entirely pervious, whereas bioretention areas and self-

retaining areas are pervious areas that accept runoff from impervious surfaces.  

In summary, 75% of the project’s 2.91 acres is considered pervious, largely due to the self-treating green roof. As we 
have discussed, the remaining impervious surface is treated using bioretention basins, self-retaining areas, and in-
lieu credits. By providing multiple ways to meet regulations, the MRP helps designers manage stormwater effectively 
and affordably. 

Thank you for visiting the Roble Field Garage. Feel free to continue the tour by selecting another location, or click the 
drop-down menu at the top of the page for more background information. 

  

Figure 36. The second bioretention 
area receives runoff from the garage 

entrance ramp 
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7. Meyer Green: Promoting Permeability 
Once the site of Meyer Library, this area is now a bowl-shaped lawn known as 
Meyer Green. Most of Meyer Green is permeable, meaning it allows rainwater to 
soak in. The only significant impervious area in Meyer Green is the center stage, 
which is just over 4,200 square feet or 4% of the total project area.  

Though the paths look like normal asphalt, they are in fact specially designed to 
have large pores that allow rainwater to soak through. This not only helps reduce 
runoff, but also keeps the path relatively dry during storms. The image below 
shows pervious asphalt to the right and typical asphalt to the left. 

 

 

Over three quarters of the site is lawn, mulch, or landscaped area, all of 
which absorb rainfall. Plants include native California coffeeberry 
shrubs, which have red and purple fruits with coffee bean-like seeds 
inside. Other shrubs include star jasmines, sages, roses, and lilies. Trees 
include native coast live oaks, Japanese pagoda trees, eucalyptuses, 
cedar, and elms. In addition to providing shade and improving air 
quality, trees intercept rain and slow it down. Visit trees.stanford.edu to 
learn more about trees on campus. 

The bike rack areas are covered with decomposed granite, which also 
allow for infiltration. Most bike rack areas around campus use this 
material.  

Thank you for visiting Meyer Green. Feel free to continue the tour by 
selecting another location, or click the drop-down menu at the top of the page for more background information. 

 

  

Figure 38. Meyer Green is a bowl-
shaped open space 

Figure 40. Pervious asphalt (right) has pores that allow water 
to infiltrate, unlike the conventional asphalt to the left. 

Figure 39. Most of the site is mulched or landscaped area. 

Figure 41. The bike racks are paved with 
decomposed granite 
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8. Arguello Field and Courts: Parking Lot Conversion Using Infiltration 
Trenches 
In 2012, the Arguello Field and Courts, also known as the Wilbur Stern Recreational Field, was constructed to replace 
two parking lots. The synthetic turf field and the sand volleyball court that now occupy the site have hidden features 
for managing stormwater. 

Though you can no longer see it, most of the existing asphalt from the parking lots was kept in place. The synthetic 
turf and sand were simply added on top. While the synthetic turf and sand are able to hold some rainwater, much of it 
will still run off due to the impervious surface below. 

To capture this runoff, the designers built several infiltration trenches on the site. An infiltration trench is an 
excavated ditch filled with rocks. Rainwater from smaller storms is held in the spaces between the rocks before 
infiltrating into the ground. (Bicknell, Kerr and Atre 6.22) 

 
Figure 42. Design of an infiltration trench 

There are four hidden infiltration trenches 
at the Arguello Field and Courts. One is 
buried beneath the sloping side of the large 
synthetic turf field. There are two more on 
either side of the basketball courts. The 
fourth is a ring surrounding the sand 
volleyball court. 

If the storm is too large for the infiltration 
trenches to handle, excess water can drain 
through a perforated pipe buried within the 
trench. This pipe either goes to the storm 
drain or to a bubbler box that discharges 
water onto the street.  

Thank you for visiting the Arguello Field and 
Courts. Feel free to continue the tour by 
selecting another location, or click the drop-down menu at the top of the page 
for more background information. 

Figure 44. A buried infiltration 
trench rings this sand volleyball court 

Figure 43. Excess stormwater can 
discharge through this bubbler 
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9. Highland Hall: Bioretention Abutting a Building 
Completed in 2016, Highland Hall, also known as Jack McDonald 
Hall, houses over 200 students at the Graduate School of Business. 
Several measures have been implemented to reduce stormwater 
runoff from this site. 

The first step is to minimize impervious surface and preserve the 
landscape's natural capacity to absorb rainfall. Roughly an acre of 
space along Jane Stanford Way - about one fifth of the project area - 
was left open for rolling mounds, mulch, landscaping, and turf 
grass. Additionally, bike rack areas, courtyards, and side paths 
were paved with permeable decomposed granite. As a result, about 
48% of the 4.92 acre project site is pervious. Where possible, 
existing coast live oaks, palms, hackberries, and other trees were 
protected or relocated. These trees help to intercept and slow down 
rainfall. 

In addition to these 
pervious areas, the project incorporates "self-retaining" areas, which are 
typical landscaping that accepts runoff from small areas of pavement. This 
includes the depressed strip along Arguello Way, which is planted with 
native John Dourley Manzanita (Arctostaphylos 'John Dourley') and collects 
runoff from the sidewalk. Redirecting runoff to landscaping is a simple 
way to reduce the burden on our 
storm drain system. 

To treat additional runoff from 
impervious surfaces, 13 bioretention 
areas were constructed. Unlike self-
retaining areas, bioretention areas 
must meet specific design 

requirements that allow them to accept much higher flows of runoff. 8 of these 
bioretention areas are accessible to the public, while the remaining 5 are 
located within the building's inner courtyards.  

Most are a special type of 
bioretention facility known as a 
flow-through bioinfiltration planter 
– the long vegetated strips along the 
edges of the building. Roof runoff 
enters the planter via downspouts 
that discharge onto energy-
dissipating cobblestones, while street runoff flows out of bubbler boxes. 
The biotreatment soil within each strip is designed to percolate at least 5 
inches of water per hour, while also supporting plant life. Unlike typical 
bioretention areas, these flow-through planters are lined with waterproof 
plastic that blocks water from infiltrating into the earth below. This was 
necessary due to the proximity to the building’s foundations. 
Nevertheless, these planters are still able to treat, slow down, and 
temporarily store the stormwater before it flows to the storm drain. 

The selected bioinfiltration plants are mostly native to California, and 
must be both drought and flood tolerant. Species include Sand Strawberry 

Figure 45. Landscaped areas help preserve natural 
infiltration 

Figure 46. This sidewalk on Arguello Way 
drains to a landscaped area, reducing the 

burden on the storm drain 

Figure 47. A flow-through 
bioinfiltration planter 

Figure 48. Flow-through bioinfiltration 
planter containing Berkeley sedge 



16 
 

(Fragaria chiloensis), Dwarf Coffeeberry (Rhamnus californica 'Mound San Bruno'), Western Sword Fern 
(Polystichum munitum). The planters also utilize three adaptable grass species: Berkeley sedge (Carex tumulicola), 
Dwarf Cape Rush (Chondropetalum tectorum), and California Grey Rush (Juncus patens). 

Finally, there is a vertical planted wall, or green 
wall, next to Highland Hall. Though not designed 
specifically for stormwater management, the 
green wall could capture a small amount of 
rainwater, as well as provide evaporative cooling 
and air quality benefits.  

Thank you for visiting Highland Hall. Feel free to 
continue the tour by selecting another location, or 
click the drop-down menu at the top of the page 
for more background information. 

 

  

Figure 49. A green wall 
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Glossary 
Aquifer: Underground soil or rock that is saturated with water, meaning every crack and pore is filled 
with water. Water within an aquifer is groundwater. (US Geological Survey) 

Baseflow: a relatively constant flow of water within a stream that is supplied by groundwater aquifers or 
manmade discharge, even when there is no precipitation or stormwater. (US Geological Survey; NRC 59)  

Bay-Friendly gardening: An approach to gardening that uses ecological principles to protect local water 
ways. Bay-friendly practices include composting waste, choosing permeable surfaces, selecting native 
plants, and avoiding synthetic fertilizers and pesticides. (Nader, Ketring and Hayes) 

Best management practice (BMP): Practices, procedures, requirements, devices, etc. that reduce pollution. 
Stormwater BMPs include onsite LID techniques, as well as larger stormwater treatment and storage 
facilities. 

Bioretention: A stormwater filtration device that consists of a planted area covered with mulch. Pollutants 
are removed by biological and chemical processes (such as microbial activity and adsorption to soil). The 
water gradually infiltrates into the soil or leaves via an underdrain. Plants in the bioretention area must 
be maintained, and water should not be left standing for more than 72 hours. (CA Stormwater Quality 
Association) 

Evapotranspiration: The combination of evaporation (the conversion of liquid water to water vapor from 
the ground and water bodies, but not plants) and transpiration (the process by which water within a 
plant is evaporated from its leaves and other surfaces). (US Geological Survey) 

Vegetated swale: A vegetated, open channel that slowly moves runoff downstream, while filtering and 
infiltrating the runoff along the way. 

Clean Water Act: A federal law that aims to protect the quality of our surface waters. It requires that cities 
with storm drain systems apply for a permit to discharge stormwater. This permit requires local 
governments to implement stormwater management techniques like low impact development (LID). 

Groundwater: Water that is stored within the ground beneath our feet, in what are known as aquifers. 
Groundwater flows through open spaces between the rocks and soils that make up the earth. Eventually 
(perhaps after centuries or even millennia), groundwater returns to the surface via lakes, streams, 
springs, wells, or the ocean. (US Geological Survey)  

Impervious surface: A surface, such as an asphalt road, concrete sidewalk, or shingled roof, that blocks 
water from seeping through to the soil and forces it to run off into the storm drain system, creeks, and 
ultimately the Bay. 

Infiltration: A process by which water on the surface soaks into soil and replenishes aquifers. 

Low impact development (LID): A planning and engineering philosophy that reduces stormwater runoff 
and preserves the natural water cycle of a development project by minimizing impervious surfaces, 
protecting the existing landscape, and capturing, infiltrating, storing, or evaporating runoff onsite or 
near the project. (Bicknell, Kerr and Atre) This is a type of stormwater BMP (best management practice). 

Municipal Regional Stormwater Permit (MRP): A permit issued by the CA Regional Water Quality Control 
Board San Francisco Bay Region to the San Francisco Bay Area that requires cities and counties to 
manage stormwater and protect water quality. It applies to cities with storm drain systems that are 
separate from the sanitary sewer (the system that drains our toilets and sinks). The MRP is required by 
the federal Clean Water Act. (Municipal Regional Permit; Bicknell, Kerr and Atre xiv, 1.1) 
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National Pollutant Discharge Elimination System (NPDES): A program created by the 1972 Clean Water Act 
that regulates sources of water pollution. Any “point source”, such as a pipe outflow, storm drain 
outflow, sewage treatment plant, or animal feeding operation, must obtain a permit to discharge water to 
an applicable water body. The MRP is an example of an NPDES permit. (US EPA)  

Non-point source: Sources of pollution that are widely dispersed, such as runoff from agricultural fields or 
streets. For legal purposes, discharges from stormwater sewers are designated as point sources because 
there is usually a single outfall from the storm sewer to the receiving water body. But in reality, 
stormwater runoff behaves like a non-point source that cannot be tracked to a single polluter. (CA 
Regional Water Quality Control Board Region 2 4.3) 

Permeable pavement: Specially designed pavement materials (such as asphalt, concrete, or pavers) that 
allow stormwater to soak through and into the soil below. 

Point source: A source of pollution that can be pinpointed to a single location, such as an industrial plant 
or sewage treatment facility. (CA Regional Water Quality Control Board Region 2 4.3) 

Rainwater: For our purposes, rainwater is water from liquid precipitation that falls on a roof or is 
captured in a rain barrel. If rainwater reaches the ground surface, it either infiltrates into groundwater, 
becomes stormwater runoff, or is lost to evapotranspiration. 

Riparian area: An area next to a water body such as a creek, lake, or estuary. It is a transitional zone 
between the aquatic habitat and the terrestrial uplands. (NRC 3) 

Self-treating area: An area of landscaping, lawn, or pervious pavement where stormwater is infiltrated, 
stored, and/or treated by existing natural processes. Under the Municipal Regional Stormwater Permit 
for the SF Bay, self-treating areas can discharge directly to storm drain without further treatment, unlike 
impervious areas. Self-treating areas are not designed to accept runoff from nearby impervious surfaces. 
(Bicknell, Kerr and Atre 4.2)   

Self-retaining area: Similar to self-treating areas, self-retaining areas consist of landscaping, lawn, or 
pervious pavement where stormwater is infiltrated, stored, and/or treated by existing natural processes. 
However, self-retaining areas are designed to accept runoff from nearby impervious surfaces. (Bicknell, 
Kerr and Atre 4.4) In this way, they are similar to bioretention areas; however, self-retaining areas do not 
need to meet the same requirements for soil composition, vegetation type, or maintenance that 
bioretention areas do. 

Stormwater: Precipitation (e.g. snow, rain) that falls to the ground, melts to liquid form (if it was snow or 
ice), and quickly flows into streams and drainage systems. (NRC 14) 

Urban runoff: All flows of water from urban areas that enter the storm drain system or bodies of water, 
including stormwater runoff and irrigation runoff.  (CA Stormwater Quality Association)  

Watershed: An area of land where water drains to common outflow point. (US Geological Survey) 
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