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Frequently Asked Questions
Design Questions:
Q:
A:

How does a gravel biofilter operate and how is it sized?
Dissolved nutrients within a lake system such as ammonia, nitrate, and phosphate need to be removed
biologically. Biofiltration refers to the nitrification processes in which dissolved ammonia is converted to
nitrite and the nitrite is converted to less toxic nitrate. Submerged gravel bed biofilters have been used
extensively as a biological filter system for even sensitive water systems such as Koi ponds. The submerged
gravel beds become coated with a biological mass through which lake water is circulated and the nutrients
are stripped by bacteria through an oxidation process. These are relatively shallow gravel beds because of
the potential for anaerobic conditions, since if the biofilter is too deep the available oxygen will be used
before reaching the entire portion of the gravel bed. A simplification of nitrification can be thought of as an
oxidation process where bacteria attach oxygen to the nitrogen in ammonia (NH3) to make nitrite (NO2)
and finally nitrate (NO3). As solids and bacteria biomass build up in the gravel bed, the pore space between
the gravel begin to fill up and clog, hindering the water movement around the rocks. This process continues
until there are very few passageways open and these passageways are kept open by the very high water
velocity moving through them. This process is called channelization and is the reason the biofilter must
be backwashed.
The proper way to size a biofilter is to use a given amount of media surface area for each unit measure of
ammonia added to the system. There are known relationships between the amount of nitrifying bacteria
(expressed by the amount of suitable area for nitrifying bacteria to grow on) and the nitrogen oxidation rate
at a given temperature. The filter media of the biofilter is simply a surface area for the nitrifying bacteria to
grow on. If oxygenated water is kept flowing evenly past all the exposed surfaces and the temperature and
other environmental parameters are adequate for nitrification, then you can calculate how much surface
area is needed for the estimated ammonia load.

Q:
A:

What are the design issues associated with stormwater applications in manmade lake design?
The design issues that must be addressed in the lake design when considering the introduction of stormwater
include the following (1) reduction of inflow nutrient loads, (2) sediment and debris removal, (3) different
methods for handling nuisance or dry-weather flows and large storm flows, (4) surcharge of operating
water levels with storm volumes, (5) emergency spillway or flow release from the lake during extreme storm
events, (6) evacuation of stored storm runoff volume, (7) type or characteristic of runoff such as urban
runoff compared to natural watershed runoff, (8) sufficient space for water treatment features, and (9)
increased number of inflow locations preferring surface flow as compared to underground pipes. Stormwater
applications within a manmade lake must consider both the water quality requirements for maintaining the
health of the lake and operational requirements based on the large inflow of runoff volume. Pre-treatment
of storm and nuisance flows that must be incorporated through the application of constructed water
quality treatment wetlands will assist in reducing the nutrient load and trap the majority of sediment.

Q:
A:

How do high groundwater elevations influence lake design and costs?
High groundwater elevations will influence manmade lake systems through: (1) construction requirements
and cost for the excavation, (2) function of the lake lining system, if used, (3) variable water levels if no liner
is used, and (4) maintenance requirements if the lake must be drained. Generally, there will be a seasonal
variation in the grounder elevation and if no liner is used for the lake system then there will be a variation
of the operating water surface throughout the year. The change in water surface elevation will also depend
on cyclic rainfall and drought conditions. This elevation differential can be significant and is an extremely
undesirable condition for a residential or commercial application since it will result in exposed lake edge,
adjusted lake depths and temperature, and modified viewscape of lake. High groundwater levels will also
influence the adjacent residential development if not controlled by creating issues with submerged under

Frequently Asked Questions
ground utilities, foundation problems, and difficulties with pool construction. The groundwater can
influence the construction installation and long-term operation of a liner membrane. Dewatering will be
required during the installation of the liner so that it will not float as it is being installed and long term
dewatering will eliminate the potential for air or gas pockets to develop underneath the liner. A permanent
dewatering system will also benefit the lake maintenance if the water level has to be reduced or if the lake
needs to be drained for maintenance. Construction costs should include dewatering for installation of the
liner and excavation. Additional costs may be warranted for the inclusion of a permanent dewatering system.
Q:
A:

What issues are associated with the lake edge design and what different shorelines are available?
Design considerations associated with the lake edge that should be addressed with the shoreline selection
include: (1) erosion protection, (2) safety, (3) dissipation of wave energy, (4) variation of operating water
level, (5) lake use including boat traffic, (6) protection and anchoring of the liner membrane, (7) aesthetics
of the lake edge condition, and (7) water depth at the lake edge. In general, the shorelines can either be
natural soil or sand, vegetated, armored with gravel or rock, or a hardened structural system typically
composed of soil cement or concrete. It is desirable to maintain the maximum depth possible at the lake
edge without interfering with safety concerns and still reduce water quality issues. In general, a maximum
depth of 18-inches has proven acceptable at the lake edge for safety since even if a small child fell in the
water, the child would be able to stand up. The lake edge also provides the structural anchor system for the
plastic liner and protects it from near-shore maintenance that may occur. Design of naturalized hardened
shorelines that give the appearance that vegetation can grow up to the water's edge have also
become popular.

Q:
A:

How does wind influence the shoreline design and operation?
Wind is the primary source of erosion that can damage the shoreline from the wave energy generated on
manmade lakes, if motorized boat traffic is not allowed. The wave energy can be dissipated by utilizing a
flatter shoreline slope so that it is not reflected into the lake; however, erosion of the shoreline can only be
eliminated by utilizing a hardened or armored edge. Manmade waterski lakes are generally constructed
with a natural shoreline with an extremely flat slope, generally 10:1 along with vegetation, to dissipate the
wave energy from boat wake as quickly as possible for skiers without erosion of any significance. In
addition, there will be run-up of the wave to the shoreline, potentially causing overtopping of the edge.
Run-up can be a problem even with a hardened edge system, since the overtopping can potentially cause
erosion of the soil behind the manufactured shoreline, and result in structural failure. The wave height is a
function of the distance or length the wind blows over the lake (fetch). Equations are available to calculate
the anticipated wave height as a function of wind speed and fetch. As an example, the wave generated by a
50 mph wind with a fetch of 500 feet and 4,000 feet would be 0.7 feet and 1.9 feet respectively. If the initial
layout of the shoreline is developed to provide interruptions in the fetch length through changes in the
geometry, then the wave height can be reduced through design. Hardened portions of the shoreline
should generally extend above the normal operating range of the lake water levels and the area immediately
behind the shoreline should be stabilized through bioengineered vegetative slope protection. The dominnant
wind direction will also determine the location of floating debris and shoreline sediment accumulation.
However, wind is also an important benefit to the health and operation of the lake since it provides the
most amount of aeration to the lake system.

Q:

What are some of the design considerations and issues associated with lake applications for
residential communities?
Some of the specific design considerations for residential lakes that should be addressed during the
planning process, besides the standard manmade lake design constraints, include: (1) land use compatibility,
(2) lake use and objectives (i.e., boating, body contact), (3) operating water surface elevation relative to pad
elevation, (5) public or private lake edge, (6) stormwater treatment and flood control functions, (7) storm

A:
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water storage volume requirements, (8) water circulation pattern (inflow / withdrawal locations), (9) maximize
lake frontage lots with roadway layout, (10) safety, (11) minimize surface drainage lengths through lake
layout and minimize use of storm drain collection, (12) maximum flood storage elevation, and (13) integration
with roadway and utility systems. Detailed design issues include: (1) minimum lake widths for development
layout, (2) naturalized edge conditions, and (3) use of lake “cul-de-sacs” to provide double loading of streets
with lake frontage.
Q:
A:

What are the design issues for retrofitting an existing lake to solve operation problems?
Careful evaluation of the existing lake system should be conducted to determine the cause of existing
operational problems in order to determine the scope of available solutions and to verify if retrofitting is an
option. Retrofit can include biological as well as structural adjustments to a lake system. Retrofitting
existing lake system can include the following structural modifications of a manmade or natural lake
system: (1) sediment removal or dredging, (2) installation of a new lake lining system, (3) lake circulation
system, (4) aeration system, (5) reconstructed lake shoreline, (6) addition of a biofiltration system, (7) lake
flushing system integrated as irrigation supply lake, and (8) introduction of Grass Carp (White Amur) or
other animal species to aid in lake water quality management. A cost-benefit analysis should be performed
on the proposed retrofit costs and compared to the potential benefits such as reduction in maintenance
costs to verify if the project is worthwhile. Just some of the issues that should be considered when
evaluating the feasibility of a lake retrofit include: (1) constructability, (2) existing home owners (lake users),
(3) space requirements for addition of lake features, (4) physical constraints, (5) permitting, (6) schedule, and
(7) utility connections such as power requirements.

Water Quality / Operations Questions:
Q:
A:

What issues are associated with using treated effluent (“reclaimed water”) as a lake water source?
One of the primary issues associated with the use of reclaimed water for lake use is the external input of
high nutrient concentrations, phosphorus and nitrogen, which will fuel algal growth via the supply of
food. The long term operation of the lake may not be able to provide very good water clarity even with
the application of different control measures and the users may have to be satisfied with a “green lake.”
Secondary issues may include odor and water clarity if there is high TDS. However, pre-treatment with
wetland systems may be able to reduce the impact of the nutrients. Techniques have been applied
through advanced wastewater treatment to reduce phosphorus concentrations through the application of
alum, lime, or iron and biological nitrification and denitrification processes.

Q:
A:

What are the influences of algae blooms in lakes?
Algae is present in all lakes and is an essential component of a balanced lake ecosystem as part of the
internal food chain. The growth of algae is stimulated by nutrients, sunlight, and water temperature while
their numbers may be kept in check by grazing zooplankton, a lack of nutrients, or simply settling out of
the water column. Excessive algae can turn a clear lake into a turbid water body producing a pea-soup
appearance. Algal blooms cause secondary problems through reduction of surface aeration and limiting
beneficial aquatic plant distribution. Additionally, when algae die, oxygen is consumed in the decomposition
process. In some instances, several blue-green algae species can produce toxic compounds.

Q:
A:

How can algae be controlled in a lake system?
Methods for the control of algae include (1) mechanical means, (2) chemical, and (3) biological controls or
natural processes. However, the first step is actually during the design process when the lake should be
designed to minimize the potential for excess algae formation by the geometry, natural circulation, depth,
and layout. The primary strategy is to limit nutrients, sunlight and temperature. A long term solution is to
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limit nutrients in the water to minimize algal growth and then institute biological control where possible to
sustain a clear water state. Controlling nuisance algal growth not only improves the aesthetic appearance
of a lake, but benefits aquatic plants and fish.
A nutrient reduction strategy primarily addressing the adjacent tributary watershed for the non-point
source pollutants should be developed in order to limit inputs into the lake. Successfully applied elements
of this strategy include nonstructural ordinances on watershed activities and vegetated shoreline buffers.
Chemical control of algae usually translates to the application of algaecides, a chemical which kills or
inhibits all types of algae. A massive die-off of algae creates an ammonia increase and oxygen depletion
as the algae starts to decompose. Common chemicals include copper sulphate, simzine, alum, and
potassium permanganate. Copper based algaecides have some drawbacks as they are not a long term
solution, copper can kill fish, and long term copper can build up in the sediments as a heavy metal. Alum or
aluminum phosphate forms a non-toxic precipitate or floc that has a very reactive surface and phosphate
ions absorb to it. This effectively ties up the phosphorus in the water and makes it unavailable for algal
growth. Another chemical method to control algae is the application of liquid dyes, such as aquashade.
This blue dye is added to reduce sunlight penetration and inhibit photosynthesis, which in turn reduces
algal and plant growth.
Aeration is a technique that adds oxygen to a lake and controls algae by reducing the amount of phosphorus
released from lake sediments. This technique is a nontoxic form of algae control that works best in lakes
where bottom waters lack oxygen. The most common type of aeration introducers are bubbles at the
bottom of the lake where the rising air bubbles provide artificial circulation by pushing the oxygen-poor
water up to the surface. The basic concept of an aeration system is to continually maintain oxygen at the
bottom of the lake where the rising air bubbles provide artificial circulation by pushing the oxygen-poor
water up to the surface. The basic concept of an aeration system is to continually maintain oxygen at the
bottom of the lake so that iron, which ties to phosphorus, will remain in a solid form. Secondarily, aeration
controls algae by creating an increased space for zooplankton to hide. In addition, subsurface aeration
reduces thermal stratification and reduces overall lake water temperatures.
Biofiltration systems are used to remove nutrients within the water and limit the available food supply
to algae.
Biomanipulation of the lake ecosystem operation can reduce mechanical and chemical methods for algal
control. Biomanipulation is the adjustment of the biota of the lake and habitat to facilitate certain
interaction that results in the reduction of algal biomass. The application of certain species and amount of
fish has the potential to influence algal blooms from nutrient releases. Natural biological control methods
include insects, fish, and bacteria. However, it is a slow process.

Lake Planning Checklist
Lake Goals / Objectives
Single Use
Multi-Use
Recreation
(Incidental Body Contact)
Body Contact (Swimming)
Aesthetic
Water Treatment
Stormwater / Flood Control
Park / Open Space
Irrigation
Residential / Commercial /
Retail
Mitigation Credit
Cost / Benefit
Maximize Value / Benefit

Site Constraints
Geotechnical
Groundwater Elevation
Watershed Hydrology
Offsite
Onsite
Topography / Elevation
Differential
Roadway
Utilities
Proposed Land Use

Regulatory
Water Rights
Dam Safety
Environmental Permits
CEQA
RWQCB
Vector Control

Land Use Compatibility
Landscape Buffer
Lake View Locations
Entry Features
Marina / Boating
Pedestrian Access / Walkway

Design Issues
Safety
Emergency Outlet
Waves / Erosion
Sediment Deposition
Storm Drain Outlets
Flood Storage Surcharge
In-flow Pretreatment

Lake Layout
Surface Area
Perimeter
Geometry
Minimum/ Maximum Depth
Storage Volume
Maximum Storage Elevation
Side Slope
Minimum Width
Lake Circulation / Pattern /
Plug Flow
Lot Pad Elevation Differential

Water Source / Quality
Water Balance / Usage
Water Source / Quality
Groundwater
Surface
Reclaimed
Sediment In-flow
Nutrient Content
Planned Use
Temperature
Flushing / Water Turnover
Dissolved Oxygen

Land Planning / Urban Design
Elements

Lake Design Features
Liner / Leakage
Circulation
Aeration
Lake Biology / Vegetation
Biofilters
Pretreatment Wetlands /
Planters
Edge Treatment / Shoreline

Construction Issues
Costs
Schedule
Constructability /
Design-Build

Operation / Maintenance
Trash / Debris Removal
Water Turnover / Flushing
Algae Control
Vector Control
Biofilter Backwash
Landscape Maintenance /
Coordination
Pump / Treatment Features
Aquatic Plant Control
Monitoring / Reporting
Chemical Treatment

Irrigation Reservoir
Lake Containing
Recycled Water

Prior to applying aquatic pesticides for vector or weed control to Waters of the US, the discharger must file a Notice of Intent.
This initiates coverage for the activity under the State’s general NPDES permits.

Verify local agency regulations regarding lake construction permitting at the County or City level. These may include vector
control, flood control, typical permit & plan review limited to grading, pump station (electrical, lake and structural)

County or City of
Jurisdiction

RWQCB Lake Operations

Jurisdiction is based on the embankment height and storage capacity.

Discharge Permit

Title 22 Review and
comment for RWQCB
Discharge Permit

California Division of
Safety of Dams

Discharge Permit

N/A

Contact the Department before commencing any activity that will substantially modify a river, stream, or lake.

Project by project
basis; typically no
permit required

N/A

Department of Fish
and Game

Project by project
basis; typically no
permit required

N/A

Project by project
basis; typically no
permit required

Requires Permit

Regional Water
Quality Control
Board (RWQCB)
- Lake Construction

Health Department

If construction will impact a Water of the US, the Army Corp will require a 404 permit. (Manmade lakes and reservoirs are
typically not considered waters of the US unless they are part of a mitigation project; therefore, maintenance of a typical lake is
not regulated by the ACOE.)

Stormwater
Discharges to and
from Lake

California
Environmental
Quality Act (CEQA)

Aesthetic Lake
(Golf Courses Lakes with
Fountains)

If construction will impact a Water of the US, the Army Corp will require a 404 permit. (Manmade lakes and reservoirs are
typically not considered Waters of the US unless they are part of a mitigation project; therefore, maintenance of a typical lake is
not regulated by the ACOE.)

Non-Contact
Recreation (Boating)
Lake

US Army Corp of
Engineers (ACOE)

Full body Contact
Recreation Lake

Manmade Lakes Permitting Requirements

There Are Various Lake Liners Available to Protect Your Lake
Why Line a Lake?
At $0.50 to $0.75 per square foot, lake liners provide a cost
effective means to insure the viability of a manmade lake system.

Benefits
•
•
•
•

Reduces water usage (seepage control)
Maintain constant water level (aesthetic benefit)
Eliminates potential subsurface saturation & foundation
settlement liabilities
Isolates lake water from local groundwater (if present)

Soil Liners
•
•

Native Clay
- Use depends on availability & consistency
Soil Additives
- Bentonite
- SS - 13

Membrane Liner
•

•

P.V.C. (Polyvinyl Chloride) Liner
- 20 mil with or without earth cover
- 30 mil with or without earth cover
Hypalon (Denier Polyster) Liner (Potable Grade)
- 36 mil with or without earth cover
- 45 mil with or without earth cover

Liner Evaluation
Criteria
Impermeability (<10-6 cm/sec)
U.V. Resistance
Stress Crack Resistance
Heat Resistance
Ease of Installation
Ease / Cost of Field Seaming
Resistance to Root Growth
Long-Term Durability
Material Cost
Material Toxicity
Material Chemical Resistance

•

•

Polyethylene Geomembrane Liner
- 20 mil HDPE (High Density Polyethylene Liner)
- 30 mil VLDPE (Very Low Density Polyethylene Liner)
Ethylene Propylene Dieneter Polymer (EPDM)
- 45 mil EPDM - “Rubber Liner”

Material Biological Resistance

Lake Aeration & Destratification Promote High Water Quality
Why Have Aeration in Your Lake:
Maintaining a well mixed lake (destratified) and adequate dissolved
oxygen level is critical to the overall health and viability of manmade
lake ecosystems.

Benefits:
•
•
•
•

Increased Dissolved Oxygen Level
Thermal Destratification
Improved Water Clarity
Reduced Odor, Vector & Nuisance Algae

Types:
Natural Aeration Systems
• Wind / Waves
• Streams
• Waterfalls

Advantages

Disadvantages

•

•

No Cost

Not Consistent

Wind and Waves

Surface Aeration
• Fountains
• Floating Surface Mixers

•
•

Aesthetics
Vertical Mixing

•
•

Inefficient
Surface Mounted
Fountains

Sub Surface Aeration
• Bottom Diffuser Aeration
- Coarse Bubble
- Fine Bubble
• Hypolimnetic Aeration

•
•

Low Maintenance
High O2 Transfer
Aerates Specific
Depth Zone

•
•

Less Efficient
Disk Fouling
For >25’ Deep
Lakes
Diffused Aeration

Water Surface View of
Subsurface Aeration

Subsurface Aeration
Fine Buttle Diffuser

Streams and
Waterfalls

❖ Lake Depth & Geometry

❖ Dissolved Oxygen

• SW Conveyance

• Land Value

• Grading Solution

❖ Bio-Management

❖ Temperature

• Water Conservation

• Habitat Diversity

• Community Open Space

❖ Biofiltration

❖ Aquatic Plant Growth

BENEFITS

❖ Runoff Filtration

❖ Algae Growth

• SW Quality

❖ Irrigation - Turnover

❖ Aeration

❖ Lake O & M Program

Management Systems

❖ Nutrient Loading
(internal & external)

❖ Source Water Quality

Lake Water Quality Indicators

A Balanced Lake Ecosystem Provides Multiple Project Benefits

Scoring

Systems

Management

Quality

Water

-2

-1

0

1

2

high
nutrients

moderate
nutrients

nutrient free

(nutrients)

Source
Water
Quality

none

efficient

effective &
expensive

Lake
O&M
Program

>24 hr. T.O.

6 hour
T.O.rate

3 hour T.O.

(hours)

Aeration
Turnover
Rate

none

>60 day T.O.

30 day
T.O. rate

15 day T.O.

(days)

Irrigation
Turnover
Rate

runoff & no
treatment

no runoff

treatment
of nuisance
runoff

(wetlands)

Urban
Runoff of
Treatment

≥30 day T.O.

7 day
T.O. rate

3 day T.O.

(days)

Biofilter
Turnover
Rate

none

multiple
categories
& species

positive
factors

- Landscape
maintenance
- Size / depth
- Chemical
applications

Misc.. Factors:

negative
factors

-Fish
-Aquatic insects
-Invertebrates

Ecologic
Management
Systems:

Different Water Quality Management Systems Have Differing Impacts on Lake Quality

∑ of Systems
is directly
related to
water quality
and ease of
maintenance

Wetland Plants for Southern California Area
These plants range from habitats from oist soils to water depths up to 2’.

Scientific Name

Common Name

Anemopsis Californica

Yerba Mansa

Carex Tumulicola

Splittown Sedge

Eleocharis Acicularis

Needle Spike Rush

Juncus Acutis

Spiny Rush

Juncus Mexicanus

Mexican Rush

Juncus Patens

California Gray Rush

Juncus Textilis

Basket Rush

Juncus Effusus

Common Rush

Mimulus Guttatus

Seep Monkey Flower

Typha Latifolia

Broadleaf Cattail

Typha Angustafolia

Narrow Leaf Cattail

Typha Domingensis

Southern Cattail

Scirpus Californicus

California Bulrush

Lake Construction Budgets
Typical Lakes

$(000s/acre)

$(000s/acre)

Liner (Treated Soil)

15-35

(Cumulative)

Liner (Geomembrane)

20-35

20-35

Earth Cover (Optional)

5-10

25-45

Shoreline

10-25

35-70

Aeration

5 - 10

40-80

Recirculation System (7 day turnover)

10-15

50-95

Biofilter System (7 day turnover)

10-15

60 - 110

Biofilter (3 day turnover)
Water Quality Filter System
(2 filters * 500 SF / AC = 1,000 SF / AC)

20-30
5

Optional Features
Rock Shoreline (5 Feet Tall)
Fountains (15 Feet Tall)
Walls - Stone Veneer (5 Feet Tall)
Walls - Cast in Place (5 Feet Tall)
Docks (10 FT x 20 FT)

Entry Features

$150 - $200 / LF
$7,000 - $20,000 / Each
$250 - $325 / LF
$125 - $200 / LF
$10,000 - $20,000 / Each

$ (000)s

Small Scale / Intimate

10-100

Nice - Big Statement

100 - 250

Big, Very Nice - WOW!

250 - 750

Extravagant - Really Big Wow!

1,000 +

70 - 125
75 -130

17520 Newhope Street, Suite 200, Fountain Valley, CA 92708
One Gateway, 426 N. 44th Street, Suite 200, Phoenix, AZ 85008
www.p-a-c-e.com

714.481.7300
480.557.8525

