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Introduction

You may have questions about “cave gates”, “mine gates”, or “bat gates,” and have trouble finding good
references. We can use all three terms interchangeably, depending on the situation. The four authors
have a cumulative 150+ years of experience in protecting cave and mine resources, and have put
together this publication to help answer some of your questions. This guide is not intended to become a
how-to manual on building gates to protect cave and mine resources, or to reduce liability at those sites,
particularly abandoned mines. It is, however, intended to guide resource managers in making the best
decisions on why, how, when, and who should build such gates.

Over the years many hundreds, if not thousands, of gates have been constructed across the United
States to secure cave and mine entrances. Some are good, being both secure and ecologically
transparent. Others, poorly planned and designed, have had severe detrimental effects on the very
resources they were built to protect.

Over the years, much research by the American Cave Conservation Association, Bat Conservation
International, and the US Fish and Wildlife Service has helped aid the evolution of cave and mine gates,
to the point where we now know what features are essential. An “industry standard” design with accepted
standard variations is now widely accepted by the National Park Service, US Fish and Wildlife Service,
Bureau of Land Management, US Forest Service, NGOs such as The Nature Conservancy and the
National Speleological Society, and many state wildlife agencies and conservation departments. Many
years have been put forth in this endeavor, but techniques and designs continue to evolve, and it is
imperative to stay abreast of the latest advances and not rely on older information, or the published
literature, which can be confusing or even contradictory.

The designs discussed in this guide are the current industry standard airflow design gates in use in much
of the United States. If building gates more than a year or so past the date of this publication, please
contact the authors for the latest updates.

Basic Cave Gate, Lower Entrance to Bacon Cave, Virginia. Photo by Jim Kennedy.



Why gate?

The decision to gate is never easy. On the downside, there are the costs of construction and the
disruption of the natural aesthetics. First and foremost, you must ask yourself about what resources and
what threats are present. Are there cultural remains? Are there endangered species? Or are there
inherent dangers present? If the answer to the first two questions is yes, to what point are they
threatened? Can the site withstand minimal impact? If so, can signage alone detour the casual visitor? If
you are making the decision to gate a cave based on inherent danger, there are many state laws which
already grant protection from such visitation, at least regarding caves. You should consult your attorney
before making your decision, as in some instances the gate may actually increase your liability.
Abandoned mines, of course, are a very different story.

Below the following section is a simplified flowchart to aid in decision-making. In most cases there will be
many more factors involved than those illustrated in making the final decision to gate a cave.

SOME QUESTIONS TO BE ASKED BEFORE DECIDING TO GATE

Administrative convenience — Is the gate being planned simply because the agency doesn’t have the
experience or resources to provide more active, involved management? Would limited resources be
better used for signage and public education?

Animal exclusion — Many animals are essential components of the cave ecosystem. Not only do they
seek shelter in the caves/mines, but they also produce much needed nutrients for other cave/mine
dwelling organisms. Will a gate impede animal or nutrient flow into the underground ecosystem?

Liability concerns — Most states have laws protecting landowners from liability associated with allowing
free access to their caves, and gates are not necessary. However, abandoned mines are automatically
considered human health hazards, and closure is the first option. Gating a mine instead using a more
permanent physical closure (such as backfill) may allow the mine to be used by bats and other animals, if
suitable, as well as provide continued access to archeological and mineralogical resources.

Historical remains — Are there archeological or paleontological resources in the cave or mine that are
threatened by visitation and in need of protection?

Rare or endangered species — Does the cave/mine contain species which are listed on a state or federal
rare or endangered species list, meriting additional protection?

Vandalism — Is cave/mine threatened by vandals, looters, and trespassers? Has the cave shown past
evidence of such? If not, will conditions soon change which will put the cave in danger of such activities?
Stewardship — Does a vigilant owner or manager live nearby, or does someone visit the area often
enough that intruders will be seen or heard as they enter the site?

Other closure methods — Can other controls be used, such as road gates, signs, surveillance, etc.? Can
other measures be used to control access to the site? All of these measures still require maintenance and
monitoring. Or does the site lend itself to permitted entry? Some caves can withstand seasonal or minimal
impact. Will visitors comply with a good permit system if a good permit system is in place? Will visitors
stay out of the site during periods of closure?

Gate design — Will the gate comply with current industry standards? The ACCA / BCI designs are
accepted by the US Forest Service, Bureau of Land Management, US Fish and Wildlife Service, National
Park Service, many state agencies, and major conservation groups across the United States. They are
designed to lessen the impact on the area immediate to the gate and to have minimum effect on the site’s
airflow, and thus the microclimate. Over thirty years of research has been invested into these gate
designs.

Stakeholder buy-in — Are there valid concerns over the design or placement of the gate? Is another
closure method more appropriate? Will the proposed gate location destroy cultural remains, disturb
natural settings, or alter the airflow characteristics of the cave/mine?

Contractor suitability — Cave/Mine gating is a technical subject that requires knowledge and experience.
General welding contractors and in-house maintenance personnel rarely have the abilities to properly
construct a quality gate, even with detailed plans and direct supervision by a knowledgeable agency
representative, unless that person is an experienced cave gate designer. Knowledge of the site’s ecology,
especially bat use, is necessary before a gate is built.




Monitoring and Maintenance — Are there adequate personnel and resources to periodically check and
maintain the gate? Gates must be checked for breaches on a regular schedule and repaired immediately.
Locks should be well-maintained, and replaced when broken or malfunctioning. The biological impacts of
the gate must also be monitored, to assure that it is not having a negative impact on the site. Is the gate
performing its function of protecting the resource while excluding people?
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Placement of gates, and Variations on the standard design

Once the decision is made to proceed to protect the cave or mine with a gate, there are several designs
based on specific criteria. One important criterion that is common to all gates is placement. Other criteria
may be very specific to the type of resource which is to be protected. Much emphasis has been placed on
the design of gates in which bats are present. These types of gates are also dependent upon what type of
bat is present and the time of year. The standard airflow gate design (basic gate) has proven extremely
effective in also protecting other resources, such as cultural sites and invertebrate biology.

Placement — The gate should be placed in such an area that does not restrict airflow. This means that
the smallest cross-sectional area should not be gated to save on material cost. Restricting the airflow
causes changes in the temperature, pressure, and humidity levels deep into the cave or mine. These
changes, although small, have great consequences on the ecosystem. If bats are present, gate
placement should also not impede bat flight. Placement of the gate within easy to monitor areas is
imperative, as any tampering can then be easily detected. Gates should also be placed in areas of
competent bedrock, for security.

BASIC GATE DESIGN

The Basic Gate design is a vertically placed, two-dimensional grid of bars across the cave or mine
passage. The spacing of the bars is critical to allow access of small bats and other small mammals, but
not wide enough to allow human entry. The bars are constructed of 4” angle iron, oriented apex up to
maximize the airflow through the gate. Bars are oriented horizontally, with vertical supports spaced
widely. The gate is anchored to bedrock with 1” steel pins. An expanded metal “skirt” is used to prevent
tunneling under the gate. The basic design is widely used even where there are no bats currently
present. A Folded Gate is a Basic Gate with a Cupola Gate top, and is used primarily on small entrances
in sinkholes.

Basic Gate, Bat Cave, Kentucky. Photo by Jim Kennedy.



Folded Gate (in progress) on Dunbar Corporation Mine #3, Pennsylvania. Photo by Jim Kennedy.

VARIATIONS ON THE BASIC GATE DESIGN

The Half Gate, or Fly-over Gate, is a variation of the Basic Gate (which is sometimes also called a Full
Gate). The Half Gate is designed for entrances or passages that have high vertical relief, typically over
20’ (6m), and are used most often for large maternity colonies of bats. The bottom of the Half Gate
consists of the bottom of a Basic Gate constructed high enough so that a ladder will not reach the top.
Special attention must be given to support columns, since they are not attached to the ceiling. Expanded
metal mesh is then attached horizontally extending forward (and sometimes rearward, if warranted) to
stop attempts at climb-overs.
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Half Gate (in Progress), Bat Cave, Oregon County, Missouri. Photo by Jim Kennedy.

The Basic Gate with Window is also a variation on the standard gate design. The introduction of the
window provides a larger protected flight space for bats, similar to the Half Gate or Chute Gate, which is



described below. They can only be constructed in an entrance with an overhanging bluff, or well inside a
large passage. The window is placed between a section of horizontal bars with expanded metal extending
out the bottom and sides to prevent persons from climbing over and into the site. This type of gate is also
used where there are large numbers of bats present.

Basic Gate with Window, Gorman Cave, Texas. Photo by Jim Kennedy.

The Chute Gate is specifically used on caves or mines in which large numbers of bats inhabit for
maternity or hibernacula, but for which the entrance configuration does not allow a Half Gate or Window
Gate to be constructed. These gates are a design combination of a Basic Gate or Cupola Gate and an



extended covered Window. The standard part of the gate will sometimes have a Bay Window (see below)
added for a cantilever support for the Chute. The Chute extends beyond the Basic Gate at an angle to
reach a height greater than a ladder will reach, thereby making entry more difficult for unauthorized
persons while permitting unimpeded bat flight. The chute is covered with heavy gauge expanded metal.
The size of the chute is determined by the expected number of bats and the physical size of the entrance.

Chute Gate on a Cupola, Grigsby Cave, Virginia. Photo by Jerry Fant.

Chute Gate with a supporting Bay Window, Tumbling Creek Cave, Missouri. Photo by Bill Elliott.

Cupola Gate Also sometimes called a “Cage Gate”, these gates are designed to protect vertical pit and
mine entrances. A free-standing box of four Basic Gates is built around the vertical opening, a minimum
of 4’ (1.2m) in height. The center top opening is then covered with additional angle iron or heavy gauge
expanded metal. The height discourages vehicle traffic, and allows bats to slowly gain altitude and fly out
the sides of the box, thus avoiding predators. A Semi-Cupola Gate is built into a hill or outcrop, and may



only have two or three sides instead of four. A Flat Gate is just the top of a cupola gate, built to maintain
airflow, but never placed over an entrance used by bats.

Semi-cupola Gate, Weaver Cave, Alabama. Photo by Jim Kennedy.



Flat Gate raised slightly for critter access, Bering Sink Cave, Texas. Photo by Jim Kennedy.



Some caves or mines may require a variation of different types or styles of gates, but the key components
of the Basic Gate should remain. Specifications are covered on the design in the next section. A cave-
gating specialist should be consulted during the initial stages of planning. A list of specialists and other
resources can be found in the appendix.

Gate Design Specifications

The gate designs developed by the American Cave Conservation Association and Bat Conservation
International have been in use for over twenty years. Much research into the integrity, airflow
characteristics, and bat use has shown these to be the state of the art in modern cave and mine gating.
For this reason, major land management agencies and organizations have adopted these designs as
their standard. This section covers the general design specifications for these gates. For more information
contact any of the authors or attend one of their sponsored Cave and Mine Gating Workshops.

Basic Gating Materials (all gate material is of mild steel)
Sill: 4" x 4" x %" angle iron
Columns: 4" x 4" x %" angle iron
Horizontal Bars: 4" x 4" x %" angle iron
Header Bar: 4" x 4" x %" angle iron
Footers: 4" x 4" x %" angle iron
Pin Plate: 4" x 4" x %" angle iron or 6" x 6" x %" angle iron
Hangers: 6" x 6" x %" thick flanged angle iron
Stiffeners: 14" x 1%4" x ¥2" angle iron
Pins: 1" cold rolled steel round bar
Bat Guard/Torsion Plate: 4" x ¥4" flat bar
Expanded metal: EM3 (4" x 2" diamond raised ¥4") (also called 3-pound expanded metal grating)

For Half Gates, Windows, and Chutes (in addition to the above materials)
Main support for expanded metal: 4" x 4" x %" angle iron
Additional support for expanded metal: 2" x 2" x 3&" angle iron
Expanded metal: EM3 (4" x 2" diamond raised %4")

EM3, sometimes called 3-Pound Expanded Metal Grating, showing size of openings (to scale).

Design  The gate shall have a weight-supporting bottom sill spanning the width of the passage,
consisting of 4" x 4" x %" or 6" x 6" x %" angle iron, depending on the span and substrate. The vertical



support columns are connected to the sill at the greatest separation possible, but not exceeding 15'
(4.6m). The sill and columns rest on solid bedrock floor if possible. If not, they should rest on an
expanded metal (EM3) skirt with at least 2 feet of EM3 both fore and aft of the gate. The columns are
supported by 4" x 4" x %" angle iron footers, which also serve to prevent lifting of the expanded metal.
Additional footers may be added as necessary to provide added security for the expanded metal skirt.
The vertical columns are ideally plumb to the longitudinal (front to back) axis of the cave, but can be off
plumb on the perpendicular axis (side to side) if necessary to take advantage of wall attachment points, or
to provide increased bat flight space in irregular passages.

All columns and select horizontal bars are attached to the cave or mine walls with pins cut from 1" cold
rolled steel round bar and a minimum of 8" long. They are pounded into 1" holes drilled into the solid
bedrock walls, at least 6" deep and preferably 10" or more. The pins are then welded to Pin Plates cut
from angle iron with a hole for the pin on one side, which is then welded to the gate itself.

The horizontal bars have two stiffeners inverted and placed inside the 4" x 4" angle and welded to the 4" x
4" angle every two to three feet of its length. The completed horizontal bar is to be placed on 6" x 6" x 3"
thick flanged angle iron hangers. The hangers are connected to the vertical support columns so that the
height from the top of one horizontal bar is 5%" from the bottom of the bar above it.

A 4" x 4" x %" angle iron header bar is welded to the top of the vertical support columns. The bat
guard/torsion plate is welded to the front side of the hangers on all vertical support columns. The opening
or door should be no less than 38" wide by 14%." tall. This allows a loaded rescue litter to be passed
through the gate in case of an emergency. Removable bars (see upcoming diagram) are the most secure,
but can be unwieldy for high-traffic use. In that case, a hinged door panel may be constructed as an
alternative, but requires more care in engineering to assure long-term functionality without compromising
the structural integrity or security of the gate.

Gates are typically left unpainted. The average projected life of a cave or mine gate is about 20—30 years,
but may be many more in a dry, stable environment. The lifespan can be substantially less in areas of
extreme weathering, or when attached the gate is installed in a corrosive area. Gate designs continue to
evolve, and gates need to be replaced as new and better options become available.

Cross-section of 4-inch angle-iron bar with 1%-inch stiffeners welded inside (to scale).
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Basic Gate schematic, showing nomenclature of parts.

Construction timing

After the decision is made to gate (as opposed to using some other protective measures), and deciding
which type of gate to use, the next decisions involve the timing of the construction when to gate. Special
attention must be made to several items, including:

Funding — Appropriate and substantial funding must be approved and secured prior to gating. There are
many sources where your funding may come from: grants, contributions, budget approvals, in-kind
contributions, etc.

Seasonality — Weather can play a major factor in the construction of a cave or mine gate. Rainy seasons
will hinder the movement of steel to the site along with making the handling of steel extremely dangerous
at the gate site. Cold winter temperatures can slow the construction process due to dexterity and site
access. If snow and ice are present on site then lifting and moving steel will become more dangerous.
Extremely high temperatures can present problems with worker dehydration, and must be monitored
carefully. Any of these conditions can create a hazardous work site and will add considerable time to the



construction of the cave gate. Biological impact, such as bat activity, may limit the available working
window at the site (see next section below).

Species use — Considerations must be made to the species which inhabit the cave or mine. These
species include vertebrates and invertebrates which may be listed as Threatened or Endangered both
federally and by state, species which are not listed but are considered at risk (“Species of Concern”), and
endemic species. Sites with rare species or high biodiversity are especially important. While some
species live deep inside the cave or mine, many others will use the entrance area near where most gates
are constructed. With bats, you should avoid any disturbance from gate construction during the summer
months if the site is a nursery colony or has other summer use, and during the fall swarming period if the
cave or mine is a hibernaculum. Consult with experts if you are unsure of specific dates or usage
patterns.

Personnel — Organizing personnel is also important, as it is often difficult to schedule adequate help for
the timely completion of the gate. Outside contractors usually present fewer problems, as they will utilize
their own personnel, but that convenience comes with a higher price tag. Many gates are built using
agency personnel or volunteers, keeping costs to a minimum but creating more logistical headaches. If on
a tight budget, be sure to schedule the gating project far enough in advance to make use of as many in-
house personal and volunteers as necessary.

Gate Contractors

There are several options for the actual construction of the cave or mine gate. These options are listed in
order of preference, listing the pros and cons of each.

Gating Specialists, such as Kennedy Above/Under Ground LLC, are extremely well versed in the
design, placement, and construction of gates in less than optimum conditions. They are knowledgeable of
many subterranean ecosystems and their relationship to the construction of the proper gate. Specialists
are also experienced with cave and mine microclimates and their relationships to subterranean biota.
They are knowledgeable in geomorphology and the engineering processes related to gate construction.
Specialists have learned the tricks of the trade, usually increasing the efficiency and construction of the
gate process and providing a higher-quality product. In most instances, cave-gating specialists can build
the proper gate in less time than alternative builders. There are very few of these specialists certified in
the construction of cave and mine gates, and they usually require travel, lodging, and meal
reimbursement added to the cost of the gate. Even with these additional expenses the total budget for
hiring a gating specialist is often equal to or less than for other contractors. Many specialists in the field
can offer a variety of options affecting the construction costs: full hired crew; supervisor, cutter, and
welder (with other labor provided by the agency); or as an on-site advisor for an unrelated crew.

Agency Personnel may include biologists, geologists, botanists, or maintenance departments tasked
with the management of local cave and mine resources. While there may well be excellently trained and
dedicated people working in those fields, they usually lack the overall knowledge and engineering
required to properly address each aspect of designing, placing, and constructing a cave or mine gate. In-
house gating projects may be generally cost effective, but may require several times longer to complete
due to other obligations of the persons involved. For example a cupola-style gate recently constructed at
a National Park took six weeks, whereas a gating specialist could have completed the same gate within 9
days or less. Gating workshops are scheduled periodically to assist those decision makers in
understanding the ins and outs of the gating process, helping them to decide which options are available
and what might work best for their sites.

Outside Consultants/Welding Contractors are generally the most expensive and least qualified to
construct cave gates. Although the actual welding may be exceptional, the overall knowledge of the
underground resources and potential impacts on them is practically non-existent. Even with detailed plans
these contractors will have the most difficulty with equipment and personal in less than optimum



conditions. And their lack of experience will be especially apparent if confronted with a non-standard gate.
Without the proper training and certification, the time for the outside contractor to build a quality gate may
be 4 to 6 times longer than the specialist. And in the case of the low-bid option, you usually get what you
pay for.

There are many aspects in the construction of a cave gate that requires much experience to learn. A bad
gate design and project practices put many things in jeopardy, ranging from resource impact to worker
safety. Detrimental results of a bad gate design may not show for many years. Improper placement of the
gate may cause premature failure, compromising site security. With the limited resources available, it is
always best to do it right the first time.

Post-gating actions

Scientific monitoring, such as temperature and other microclimate changes and biological inventories,
should be carried out before and after gate building in order to have a yardstick by which to measure the
effects of the gate, if any. If a bat site, it is critically important to document bat acceptance of the gate, and
any behavioral changes, positive or negative, that occur as a result. Monitoring of the gate itself for signs
of attempted illegal entry and vandalism must also be done on a regular basis to keep the site secure and
prevent further damage, more expensive to repair.

We cannot state strongly enough the need for post-gate monitoring. Once the gate is completed the
typical agency response is to assume their concerns over visitation and vandalism are over, and the site
can then be blissfully ignored. This is not the case. No gate should be installed before a management
plan has been developed for the resource. This management plan should include a monitoring schedule
which includes the following:

e Periodic checks for structural stability. Is the gate, and the bedrock to which it is attached, still
structurally sound? Are erosion or freeze/thaw cycles affecting surrounding rock and jeopardizing
site security? Are the steel or welds weathering faster than expected, resulting in weaknesses
that can be easily exploited?

e Periodic checks for vandalism. Has the gate been breached? Typical ways to circumvent the gate
are digging under the gate, breaking the rock wall around the gate, digging another entrance,
bending the bars, breaking a weld, cutting the bars, cutting the lock, or climbing over (if a Half
Gate, Window Gate, or Chute Gate). In rare occasions, vandals will even forcibly remove the
entire gate.

e Periodic checks for erosional effects from natural processes. Is there an accumulation of debris
building up around the gate? This can cause gates to fail when water-flow is encountered. It can
also block natural airflow currents, which in turn disturb the microclimate.

¢ Periodic checks for opening functionality. Locks need regular attention, requiring cleaning,
lubrication (with graphite powder), or even replacement. Even McGard button head bolts need
occasional lubrication, without which they become hard or even impossible to open. Doors and
removable bars should be opened periodically, to ensure that the gate has not settled, rendering
them inoperable.

o Periodic checks for biological integrity. A site that has been gated to protect a population of bats
or other animals, including invertebrates, must maintain a fairly narrow set of parameters to keep
those populations healthy. And be sure that brush or vines are not encroaching on the cave gate,
reducing its effectiveness.

If the gate is not ensuring optimal conditions, then it must quickly be modified, or even removed or
replaced. Pre-gate monitoring of temperature, humidity, and animal abundance and distribution provides
simple baseline data by which post-gate conditions can be compared. Pre-gate monitoring is highly
recommended before any gate project is undertaken.

A breached gate that is not repaired rapidly is not protecting the resources from human threats. There are
many natural forces that can also damage a gate, such as tree falls, rock falls, siltation, freezing and
thawing, aging (rust), and running water. Checks should include close visual inspections as well as



manual investigations. Vandals can be quite clever, sometimes cutting a bar, replacing it on the gate, and
disguising it with mud to make it appear uncut. Often the breached area is away from the actual door or
removable bar entry point, making it less likely to be noticed. Some vandals will go to extreme measures
to destroy a gate or gain entry to a protected resource. A good monitoring schedule should be maintained
monthly, or at a minimum of every six months in remote areas. Once a problem has been noted it should
be repaired immediately.
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