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Appendix B: Infiltration Galleries  

B.1 Introduction 

Appendix B discusses the application for, and suitability of, installing infiltration 
galleries for water diversion.  In some cases, infiltration galleries can be a substitute for surface 
diversions.  Infiltration galleries can be both small and large scale diversion systems.  The term 
‘infiltration gallery’ as used in this document refers to a water collection system that is installed 
beneath the bed of a stream or river in the hyporheic zone, which is part of the surface water 
influence identified in Figure B-1. It is within this zone that female salmon construct their redd. 
The redd is an area in the gravel that has been hollowed out by the fish to create a nest for their 
eggs. It has been suggested that hyporheic flow and distinct areas of upwelling or downwelling 
should be important variables for spawning site selection [e.g., Baxter and Hauer, 2000; Geist 
and Dauble, 1998; Shirvell, 1989; Stuart, 1953, 1954], because salmon embryos depend so 
strongly on the streambed environment [Coble, 1961; Cooper, 1965] (Benjankar 2016). 

 

Figure B-1. The hyporheic zone is the region of sediment and porous space beneath and 
alongside a stream bed, where there is mixing of shallow groundwater and surface water. The 

flow dynamics and behavior in this zone (termed hyporheic flow or underflow) is recognized to 
be important for surface water/groundwater interactions, as well as fish spawning, among other 

processes.  Source: USGS Circular 1139.  

These galleries are installed for the purpose of conveying water to a water distribution 
network (Figure B-2). Water distribution networks include those entities and components that 
rely on the water diversion facilitated by the infiltration gallery for continued water supply 
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necessitating disturbance of the streambed both during construction and after for backflushing 
maintenance and operation actions. Sonoma Water’s Russian River Diversion system in 
California, is but one example of a successful large gallery system that provides drinking water 
to over 600,000 people in Sonoma and Marin counties.  This system includes six collector wells 
positioned in various locations with wells that reach 80 to 100 feet below the surface of the 
natural streambed. There are large-scale infiltration galleries put into river systems, some disturb 
the riverbed during construction and some do not. This appendix does not cover large-scale 
infiltration galleries that do not disturb the riverbed during construction or maintenance.  It is 
suggested for those large-scale galleries that do disturb the riverbed that NMFS regional staff is 
contacted for site-specific technical support. 

Infiltration galleries are sensitive to a specific set of stream/river conditions, and for that 
reason, geomorphic site conditions should be analyzed to ensure long-term efficacy of the 
project.  Technical collaboration with NMFS regional engineering and geomorphology staff is 
encouraged to identify site conditions to consider when selecting a diversion alternative.  

 

 

Figure B-2. Infiltration gallery cross section.  Q stands for pump discharge 

Small-scale infiltration galleries include one or more perforated or screened pipe 
manifolds that are placed in an excavated trench in a streambed or bank and are backfilled with 
granular material (Figure B-2).  Infiltration galleries are generally used for pump diversions, but 
they may also be used for gravity-fed diversions in steep channels (WDFW 2009).  
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In concept, infiltration galleries may provide suitable fish passage conditions at a water 
diversion site.  However, the gallery can fail if it is improperly sited, designed, or constructed.  
Failure can lead to hasty and expensive repairs, which can result in severe adverse impacts to 
habitat, loss of fish access to habitat, and loss of the diversion structure itself.  Therefore, robust 
hydraulic and geomorphic analyses are needed to support the design and construction of an 
infiltration gallery.   

The following sections describe the guidelines and criteria that should be followed in the 
planning, design, operation, monitoring, and maintenance of infiltration galleries.  The intent of 
these criteria are to design, build, operate, and maintain infiltration galleries that provide at least 
the same level of fish protection as conventional screen facilities meeting NMFS screen criteria, 
as presented in Chapter 8 of the NOAA Fisheries West Coast Region Anadromous Salmonid 
Passage Design Manual (Manual).  Shallow infiltration galleries have design variables that are 
similar to conventional screens, including screen dimensions, approach velocity, the ability to 
monitor head loss, the ability to self-clean and to be maintained, and owner agreements to 
maintain and operate the system within NMFS design criteria.  

Design of infiltration galleries is specialized and should be performed by an 
appropriately qualified engineer or engineering geologist with fish passage experience.  The 
drawings should be signed by the designer and/or stamped with his/her seal, and the design of 
each infiltration gallery should be reviewed and approved by NMFS.  

Due to their location below the streambed, one mode of infiltration gallery failure is 
plugging of the overlying porous material.  Cemented sands and gravels that contain a high clay 
fraction can also restrict the applicability of infiltration galleries (AAFC 2006). This reduces the 
overall effectiveness of the systems by reducing flow capacity, motivating the owner/operator to 
excavate and replace the buried sections to achieve full diversion rates, thereby impacting 
habitat.  Another mode of failure is exposure of the screen by bed scour, this increases the risk of 
fish impingement and injury due to the creation of localized high-velocity areas.  Both failure 
modes can harm fish, either during continued operation or during construction repair. Few 
existing small/shallow infiltration galleries include effective cleaning systems, and a common 
practice for repairing plugged galleries is to excavate and replace components. This can result in 
extensive disruptions to habitat and water diversion if performed during critical seasons when 
fish or redds are present.   

Therefore, the designer should select an infiltration gallery as the preferred water 
diversion method only after a thorough review of the benefits and risks of constructing and 
operating conventional surface diversions and screens is conducted and the review indicates that 
an infiltration gallery provides the same or greater level of protection to fish and habitat 
compared to conventional screens. Review findings should be submitted to NMFS with the 
infiltration gallery design package. 
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B.2 Site Selection 

Infiltration galleries have two common failure modes: scour exposing the gallery (risking 
impingement of fish) and clogging of the pore spaces in the overlying porous material (risking 
loss of diversion). Both of these failure modes are directly related to the depth of the gallery and 
the gradation and thickness of the overlying porous material. Therefore, fine-grained streambeds 
are higher risk than coarse grained streambeds, and deeper placement of the infiltration gallery is 
less risky than shallow placement. 

Scour can be a local occurrence or a systemic river process.  Both processes need to be 
considered in planning a gallery installation.    

In addition to a scour analysis, gallery depth plans need to account for streambed incision 
and potential depth of fish redds. This is particularly important for streams that have a history of 
incision, the potential for incision, or have a history of known spawning areas.  The best location 
for an infiltration gallery could be in a stable stream channel with coarse gravels and small 
cobbles where the bed is regenerated annually by high flow events.  Bed regeneration (removal 
and replacement of the upper lay of a streambed) can lessen the risk of the bed becoming 
clogged with fine sediment over time, thus prolonging the life of the gallery.  Infiltration gallery 
collectors must be installed below the maximum scour depth. 

A scour analysis should be performed by a certified professional to determine the depth 
of scour at the site following regional and state guidelines for an appropriate return period. It is 
recommended that a qualified expert in geomorphology be consulted to address potential 
incision.  

The operation and maintenance of a gallery diversion can harm fish and/or eggs if nearby.  Redd 
selection by adult spawning salmon is based on existing hyporheic flow.  During normal 
withdrawal operations, the gallery can greatly reduce the intergravel flow of water and nutrients 
to eggs gestating in redds.  Due to biological needs of fish development, subsurface stream flow 
(hyporheic flow) should not change within the redd from operations of the infiltration gallery.  
When a gallery installation includes backflushing capabilities, redds and juveniles can be harmed 
if they are in the zone of backflushing influence. When selecting a gallery site, it is important to 
avoid known spawning areas and to make sure the top of the gallery is placed well below the 
anticipated bottom of the redd. The size of redds was studied by Burner on tributaries to the 
Columbia River in the Pacific Northwest. The size of the redds was determined by wading into 
the stream and taking length, depth and several width measurements (Burner 1951). Results from 
the study can be seen in Figure B-3 below. 
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Figure B-3. Redd Size Information Based on Fish Species (Burner 1951) 

B.3 Design Criteria and Guidelines 

B.3.1 Objectives 

The infiltration gallery should be designed to:  
● Provide the same, or greater, level of fish protection as conventional screens (Chapter 8 of 

the Manual).  
● Divert water at a rate no greater, and for no longer period of time, than what could be 

diverted using conventional surface water withdrawal means.  This criterion should be 
understood to prohibit the use of infiltration galleries to divert hyporheic flow in excess of 
permitted surface waters. 

B.3.2 Design Limitations 

 Streambed Modification Limitation 

Place new galleries outside the backwater influence and hydraulic effects of downstream 
impoundments.  Nature-like fishways or rock ramps may be used in conjunction with IGs, if there 
is a need to achieve a specific desired head on the gallery, as long as temporary or permanent 
conventional fishway structures are not placed in the stream to check or impound stream flows.   
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Velocity Considerations 

Facility operations should account for potential for clogging, which is a combination of 
sediment supply, local hydraulics, and the properties of the overlying porous material. The rate 
of withdrawal relative to the streamflow needs to be considered, not only for the legal reasons of 
water rights, but for the effects of clogging.  Reducing the flow field over the infiltration gallery 
is the process that drives deposition which leads to gallery clogging.  

Depth Considerations 

Infiltration galleries should be placed at depth in excess of any potential for fish to 
interact with the structure or its velocity field, throughout the range of bed erosion/deposition 
cycles.  Gallery screen sizing in deep installations is then driven by fill properties and 
withdrawal rate.   

The top of the gallery should be placed below the lowest point in the channel plus: 

 
● 2 feet added to the predicted scour depth due to local and systemic processes, or 
● 2 feet added to the depth of the anticipated redd depth as determined by the 

presence of potential spawning fish in the system (see Figure B-3 for guidance in 
the absence of local data) 

 whichever is greater.    

 

For those placements where sufficient depth of porous material is not available to isolate 
fish from the effects of withdrawals, it is possible that fish will be affected by the flow field, and 
potentially be directly impinged with the gallery screen. It is recommended to avoid those areas 
of insufficient depth but if relocation is not practicable then  the following recommendations 
below in B.3.3 through B.3.9 apply: 

B.3.3 Screen Material Opening 

In order to prevent entrainment of fish in the event of exposure of a perforated section of 
infiltration gallery pipe, infiltration galleries should use well screen or other screen material 
that meets the design criteria for conventional fish screens (Chapter 8 of the Manual).  The 
effective portions of the inlet pipes should be sized to meet conventional screening approach 
velocities (Chapter 8 of the Manual). 

B.3.4 Screen Diameter 

To minimize head loss within the well-screen pipe, thereby ensuring consistent interstitial 
velocities throughout the infiltration gallery, the screen diameter should be designed to allow for 
a maximum axial velocity within the well screen of 3 ft/s (AAFC 2006). 
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B.3.5 Screen Material Depth 

In order to minimize adverse effects on eggs and fry entrained within gravels in the 
vicinity of infiltration galleries, galleries should be installed entirely below the anticipated scour 
depth of the channel from the thalweg streambed elevation and below the bottom of the redd, 
based on fish species known to be present as indicated in Section B.2 and B.3.2 Depth 
Considerations.  

B.3.6 Imported Gravels 

Streams suitable for infiltration galleries will have poorly graded coarse beds, and the material 
excavated for gallery placement will be suitable for fill around the screen.  Normal bed scour and 
fill processes that occur during routine high flow events replace mobilized bed material.  Gallery 
fills should not attempt to stop this process by importing larger and less mobile fill.    

Retain the suitable excavated material from the streambed to be used for backfill over the 
infiltration gallery.   When an 
armor layer exists at the 
streambed surface, that coarse 
layer should be replaced after the 
gallery is backfilled.  Below is an 
excerpt from Forest Service 2008 
describing armoring in channels. 

In channels composed of 
gravels, cobbles, and 
boulders, bed material is 
often segregated into two 
layers (figure A.6 in the 
Forest Service 2008 
document and shown here). The bed surface consists of a one- or two-grain-thick layer of 
coarser particles overlying smaller gravels or sands beneath the surface. This overlying 
coarse layer is referred to as the armor layer. The median particle size of the armor layer 
is usually 1.5- to 3.0-times coarser than the median particle size of the subarmor layer 
(Reid et al. 1998; Bunte and Abt 2001), although ratios as high as 6 and 7 have been 
reported (e.g., Andrews and Parker 1987; King et al. 2004; Barry et al. 2004). The 
presence of an armor layer indicates that the channel can transport more sediment than is 
available from upstream areas, whereas the lack of an armor layer indicates a balance 
between sediment supply and transport capacity (Montgomery and Buffington 1997). The 
armor layer increases the streambed’s resistance to erosion. Once the armor breaches, 
however, the whole streambed can mobilize, and general scour occurs. In general, 
unarmored streambeds are more mobile than armored ones; that is, bed sediment moves 
at lower flows and more frequently in an unarmored streambed than it would in an 
armored one.  

B.3.7 Interstitial Velocity through the Streambed 

Gallery design objectives to protect fish should consider interstitial water velocity.  
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Juvenile fish are measured by fork length to determine their swimming speeds. The fork length is 
the length of a fish from the tip of its nose to the middle caudal fin rays (Lynch 2014). From a 
biological perspective critical swimming speeds are measured as fork lengths per second (Glova 
and McInerney 1977). The average time it takes a juvenile fish to swim up out of the redd is 66 
days, at which time the fish’s fork length is approximately 1 inch long. The result of equating the 
critical swimming speed into a velocity measurement is 0.083 ft/sec or rounded to 0.1 feet per 
second.  

As a surrogate for interstitial velocity, which can be very difficult to accurately assess, 
size the gallery such that a 45-degree projection of the gallery inlet pipe upward a distance of 2 
vertical feet results in a gross average velocity through the projected area of no greater than 0.1 
feet per second. Designing the gallery for this speed will allow emerging juveniles to swim up 
and out of the gravels. Figure B-4 demonstrates area projection. 𝑖𝑖 

 

Figure B-4.  Illustration of vertical projection of infiltration gallery pipe for the purpose 
of estimating interstitial velocity 

 

B.3.8 Backwashing 

Backwashing is when water is pumped backwards through a screening material to flush 
debris off of or out of the screen materials by any entity that maintains the water distribution 
network. 

Backwashing capability should be incorporated into all infiltration gallery designs to 
prevent the need to excavate the streambed to clean the system.  Used as preventative 
maintenance activity, scheduled backwashing can prevent the need to perform excavation of the 
channel to replace plugged infiltration pipes. 

Backwashing may be accomplished using air, water, or a combination of air and water.  
The backwash system should be sized to adequately remove entrained fines from the area of 
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influence of the infiltration gallery.  Adequate cleaning can be demonstrated by observation of 
post-cleaning reduction in head-loss to a head-loss value similar to that measured after 
installation of the infiltration gallery and measured under similar gallery flow rates.  Effective 
backwashing of the filter medium requires there be sufficient inter-particle abrasion and flow to 
remove the accumulated fine material.  If water alone is used for backwashing, the flow required 
has to be slightly more than that required to “fluidize” the filter medium (AAFC 2006). 

B.4 Operations and Maintenance 

 In addition to normal operation and maintenance recommendations, there are operational 
limitations identified in the next section that the engineer and operator will need to take into 
consideration during the design process, because they may impact operations and maintenance. 
Water distribution networks have the potential to affect in-stream ecological functions stemming 
from the need to backflush the system and any maintenance activities should be analyzed to 
determine their impacts to the species.  

Infiltration galleries should be operated and maintained in accordance with the screen 
maintenance requirements described below.   

B.4.1 General 

All infiltration galleries should have an approved Operations and Maintenance (O&M) 
plan. The plan should include procedures deemed acceptable by NMFS for operating the gallery 
under a variety of environmental conditions, the full range of water diversion operations, and the 
procedures for periodic inspections and maintenance required to achieve fish screening 
effectiveness over the design life of the facility. 

The purpose of an O&M plan is to ensure that the facility performs as designed and to 
provide effective fish protection over the life of the project. The O&M plan is the manual that 
describes exactly how the facility will be operated and maintained, as well as procedures and 
personnel to contact in the event of emergencies. The following guidelines provide a template 
that can be used to prepare an O&M plan. 

B.4.2 Limitations 

NMFS places several limitations on the siting and operation of infiltration galleries, as 
follows: 
● Should spawning occur on an infiltration gallery or within the zone of gallery influence to 

hyporheic flow to the redd, then all diversion and backwashing activities should cease for 90 
days or until the eggs hatch so that the first life stage's biological processes associated with 
spawning are not interrupted.   

● Due to disorientation of juveniles from backwashing operations, if juveniles are on or within 
10 feet of the infiltration gallery, backwashing operations must cease until the fish have 
cleared the area. 
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● Should not have more than 10 percent cumulative increase above baseline stream turbidity 
beyond a distance of 4 times the active channel width downstream from the downstream-most 
extent of the infiltration gallery. The increase in turbidity should be measured relative to a 
control point immediately upstream of the turbidity-causing activity. Local water quality 
agencies should be contacted for appropriate permits for discharging into waters of the state. 

● All diversions must be conducted in accordance with all laws and authorities on water 
withdrawals and protections for aquatic species. 

● Major repairs to the infiltration gallery that would disrupt the streambed could only take 
place in accordance with Federal, State, and local laws and regulations.. Performing 
preventative maintenance, such as backwashing the system on a regular basis, can minimize 
the need for major repairs. 

● Failed infiltration galleries will not be approved by NMFS to be replaced in kind, unless the 
failure mechanism has been identified and a subsequent design is provided that adequately 
addresses the failure. 

● Scour Depth Limitation is when the porous streambed material has been scoured to the 
calculated scour depth or ½ of the original overlying material has been removed. When this 
occurs, the diversion rate should be reduced or maintenance of the facility is required to 
bring the level of protection back to original design specifications in consultation with your 
engineer and NMFS. 

● Infiltration galleries should not be operated when the bed has scoured, such that streambed 
material has been removed to the predicted scour depth, until facility maintenance has 
replaced the original thickness of overlying material.   

 

B.4.3 Operations 

The O&M plan should include procedures that will ensure the infiltration gallery meets 
all previously agreed to criteria. In addition to normal operation conditions, the plan should 
include information, procedures (including fish salvage plans), and personnel contact 
information in case of emergencies. 

The O&M plan should include the seasonal maximum diversion rates agreed to in the 
design process, other criteria identified in the project description, project mitigation measures, 
and any applicable permit conditions or ESA Biological Opinion requirements. Additionally, the 
plan should address specific criteria on pumps used at the facility to achieve uniform approach 
velocities across screen surfaces. 

B.4.4 Posting 

A list of operating procedures that is easy to follow should be posted in a highly visible 
location at the water diversion site. 

The list should include specific operating procedures needed for facility operation.  
Emergency power cut-off switches, pressure relief valves, instructions for operating any 
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auxiliary equipment, and emergency shutdown procedures should also be placed in locations 
that are easily found. 

B.4.5 Maintenance 

The diversion owner should incorporate maintenance procedures recommended by the 
designers, contractors, and suppliers into the O&M plan. 

The maintenance section of the O&M plan should specify the frequency and interval for 
performing each maintenance procedure. The project owner is responsible for obtaining 
documentation (including specifications and maintenance requirements) from suppliers of off-
the-shelf and custom systems and equipment and ensuring that all necessary maintenance 
equipment, tools, and component parts are readily available and on-hand for the maintenance. 
The O&M manual should identify activities that need to be carried out on a periodic basis (e.g., 
daily, weekly, monthly, quarterly, annually, or another periodic schedule). 

B.4.6 Maintenance Records 

The facility owner should maintain a log of O&M activities, which should be made 
available upon request of appropriate federal and state agencies. The logbook should include the 
following: 

• One copy of the operating procedures list discussed above (Section B4.2) 

• One copy of the periodic maintenance schedule discussed above (Section B4.4) 

• Records of regularly scheduled and unscheduled maintenance procedures performed 

B.4.7 Periodic Visual Inspections 

The project owner, or their agent, should perform visual inspections of the gallery site on 
an annual basis or more frequently if required to ensure design criteria are being met. 
Inspectors should examine streambed changes and identify any areas on or around the gallery 
that have eroded or accumulated sediment.  Year to year streambed dynamics are expected, but 
long-term trends may require remediation.   

Guidelines for conducting periodic inspections are as follows: 

• Auditing maintenance records: 

- Review the O&M logbook to identify any recurring problems. 

- Compare logged records with the O&M plan to ensure the plan is under compliance 
and note any areas that need troubleshooting. 

•  Witness cleaning system operations: 

- Inspect the morphology of the stream channel in the immediate vicinity of the project  

• Test backup systems and alarms that could include the following: 
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- Pump shut-off control 

- Backwash system controls 
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