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This 
addresses 

the extensive and nationally 
significant seacoast fortification 
network in Golden Gate National 
Recreation Area. Its purpose is to 
identify specific preservation 
issues affecting the fortifications; 
provide technical information 
about appropriate treatments; and 
develop a methodology for 
prioritizing the application of 
those treatments to the park’s 
extensive fortification network. 
Written by a team of five 
preservation specialists, the 
manual is organized as sections 
that discuss the historic 
significance and preservation 
rationale for the resource; explain 
the physical history of the 
fortifications in order to better understand their evolving nature; and present 
up-to-date and practical treatment solutions for the many preservation 
challenges that these fortifications present. 

Seacoast Fortifications 
Preservation Manual

More specifically, Part I of the manual offers readers a detailed historic 
context, a discussion of character-defining features for the fortifications, and a 
suggested methodology for documenting existing conditions. Each chapter is 
prepared according to the parameters of the National Register of Historic 
Places. Part II focuses on the architectural-engineering history directly 
pertinent to the San Francisco fortifications site preparation (excavation and 
fill); explicit concrete mixes and issues of reinforcement; surfacing schemes; 
and historic vegetation at the individual batteries over time as well as a 
review of historic maintenance methods of the recent past. Part III is the heart 
of the manual, providing conditions assessments; an analysis of safety and 
security issues; and, treatment plans for stabilization, preservation and repair, 
and restoration. Recommended treatments for explicit situations at the San 
Francisco fortifications, such as "Concrete: Separation," "Metals: Imbedded 
Hardware," "Moisture Protection: Causes of Deterioration," and "Finishes: 
Signs and Stenciling," are intended as a reference tool for the National Park 
Service, with 45 removable, one-page sheets organized in a double-column 
format accompanied by architect’s original sketches and current photographs 
illustrating the described problems. The manual includes a detailed glossary 
of architectural, fortification, and preservation terms, and, an annotated 
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bibliography. Approximately 150 historic and contemporary black and white 
photographs, architect’s sketches, and historic battery plans illustrate the 
manual.

The seacoast fortifications of Golden Gate National Recreation Area are 
widely acknowledged to comprise the finest outdoor museum of coast 
defense structures in the country. They range in age from Fort Point (1861), 
through Battery Construction No.129 (1944) to Nike Site SF-88L (1954). 
Construction types include intricate brick casemates, extensive earthworks, 
massive solid-pour concrete, and reinforced concrete subterranean 
structures. As a group, these fortifications possess relatively high integrity; 
represent a unique spectrum of military engineering techniques used by the 
United States in its seacoast fortifications from the Civil War through the Cold 
War; and are associated with important historical developments of the nation 
as an evolving international military power. The former military reservations 
that provide a relatively unchanged physical context for these fortifications 
also provide a spectacular backdrop of largely undeveloped open space at 
the edge of a great urban metropolis. This open space is not only a defining 
factor in the San Francisco Bay Area’s world-renowned scenic beauty, but 
has become the core of land around which was established the first of the 
nation’s urban national park areas.

As the military posts containing these fortifications came under the 
management of the National Park Service, beginning with the establishment 
of Golden Gate National Recreation Area in 1972, the fortifications were 
evaluated for significance and integrity and placed on the National Register 
of Historic Places. Fortifications in the Presidio, at Fort Point, and on Alcatraz 
Island are National Historic Landmarks. At present, the preparation of a 
National Landmark nomination is underway for the entire fortification network 
of Golden Gate National Recreation Area.

Even as the National Park Service recognized the need for developing a 
park-wide treatment program for preserving these valuable resources, its 
planners, technical personnel and field staff lacked the level of familiarity with 
the appropriate measures needed to stabilize, conserve, rehabilitate and 
maintain such a network of massive structures.  is the 
first step in compiling and disseminating the information needed to preserve 
these fortifications. The National Park Service intends to follow this 
collaborative project with a comprehensive preservation maintenance plan 
for the entire network of the fifty major structures within the park. The manual 
will then enable park staff to utilize the best contemporary technology to treat 
the fortifications in a prioritized fashion, while preserving the historic fabric, 
and characteristics of feeling and setting that qualify the resource as a 
National Landmark. 

Seacoast Fortifications

This project is an excellent example of government working in partnership 
with the private sector to preserve significant historic resources. An 
interdisciplinary team consisting of architectural historians, preservation 
architects and military historians from both the National Park Service and 
KEA Environmental, Inc. a private sector consultant prepared Seacoast 
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, informed by a wider group of preservationists who volunteered 
their time to participate in a preservation charette that met on-site to address 
the challenges of preserving these coast defense resources. The manual is 
based, in part, upon the experiences of the Washington State Parks and 
Recreation Commission in the planned management of its coast defense 
resources, and is informed by the thoughtful management standards for 
coastal lighthouses proposed by the National Maritime Initiative of the 
National Park Service.  has already received attention 
outside the region as a model for similar documents planned to address 
seacoast defense resources on the West, Gulf and East coasts.

Fortifications

Seacoast Fortifications

See Table of Contents
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GLOSSARY OF TERMS
Architecture, Fortifications, and Preservation

A

cracking showing recent movementactive cracking 

contemporary reuse for an existing historic structure, often with an 
updating of infrastructure and added amenities, and, typically with few sustained 
ties to the original historic function

adaptive reuse 

sun-dried (unburnt), clay-soil brick; the clay was often mixed with chaff, 
straw, chopped weeds, tule reeds, or sometimes manure for historic adobe bricks in 
California, with the individual brick sizes approximately eleven by twenty-five inches 
and of two-to-five inches thickness; each brick weighed about sixty pounds; 
Spanish word derived from Arabic (mud)

adobe

atob

a constituent in cementitious mixes, usually sand or gravelaggregate

the presence of chemical base material such as hydroxides and 
carbonates of calcium, sodium, or potassium
alkalinity

 cracking pattern resembling alligator skinalligatoring a surface

 a mechanical device for moving projectiles and powder from the 
magazine to the level of the gun
ammunition hoist

a dependent structure, often but not always small in scale; associated 
hierarchically with a primary structure; often found in clusters with other dependent 
structures

ancillary

 iron or steel cross section with two legs ninety degrees apartangle iron

resembling architecture in manner and organizationarchitectonic

 a surface drainage inlet to convey and disperse waterarea drain

 varieties of cement-based, man-made imitations of naturally 
occurring rock, the latter typically quarried for building 
artificial stone

 various bituminous substances, both naturally occurring and 
resultant from petroleum processing; also a bituminous substance mixed with 
crushed rock for paving

asphalt (asphaltum)

 a surface coating containing emulsified asphalt for 
moisture protection
asphalt emulsion paint
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rapid-fire, light-caliber guns in which the force of the recoil is 
used to load and fire the piece without the crew having to manually insert and fire 
each round

automatic cannon 

B

 a foam, tubular-shaped rod placed in a joint that is to receive a sealant 
to provide a solid base to receive and hold sealant
backer rod

filling a previous excavationbackfill

a mount for smaller caliber coast artillery, which raises the 
gun above the parapet into the firing position and lowers it below the parapet for 
loading using a telescoping cylinder

balanced pillar mount 

a mount for seacoast artillery in which the gun remains above the 
parapet for loading and firing
barbette carriage 

a pre-surveyed horizontal line used for accurate position-finding and fire 
control, with observation posts called base-end stations at either end
base line 

observation station at either end of a base line, containing an 
azimuth instrument or depression position finder, used to supply position data for 
the indirect aiming of coast artillery weapons

base-end station 

a defensive structure containing all features and appliances necessary to 
support and serve a number of cannon
battery

 the area in the rear of a battery where troops take formationbattery parade

French term [ , Paris] 
meaning fine arts; label for an architectural movement and training program, and for 
its associated architects, 1865-1915; loosely, architecture as fine art, characterized 
by an emphasis on classical tradition; Beaux-Arts was sometimes used as an 
alternative term for Classical or Colonial Revival design in the United States during 
the late nineteenth and early twentieth centuries

Beaux-Arts Ecole Nationale et Spéciale des Beaux-Arts

installing fill materials in liftsbenching

 an organic clay sheeting (compressed and rolled) to provide a 
waterproof membrane
bentonite panel

a ledge, embankment, or shoulder, often man-made, and typically earthen; 
also, a narrow path between a fortification parapet and its surrounding ditch
berm

 a French term for an artificial stone of cementitious materials in a 
matrix
beton agglomere
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cementitious materials which chemically bind aggregates in a matrixbinder

rock largely consisting of hydrocarbons; naturally occurring asphaltbitumen

 a metal frame extending from the side of the data booth in a 
mortar battery to support a set of blackboards upon which firing data could be written
blackboard rack

 a relatively thin paving of concrete in front of a gun emplacement that 
protects the ground from erosion, reduces dust, and helps control the possibility of 
fire

blast apron

 a hidden drainblind drain

a heavily built shelter, either a separate structure or a room within a 
battery, that can withstand the effects of bombardment
bombproof

 a wall of breast height, typically used to provide a defensive position for 
infantry soldiers
breast wall

a weapon in which the round is loaded by opening a plug at the base of the gun tube
breech-loading weapon

 buildings, structures, and ancillaries comprising an inter-related 
man-made area, often architectural in character
built environment

an indistinct term that generally means a heavily built structure, usually a 
shelter against bombardment, that may or may not have provisions for defense; no 
specific meaning in coast defense; comes into popular use during WWI

bunker

 a rubberized sheet membrane utilizing butylbutyl membrane

C

the minimum diameter of the bore of a firearm, and therefore the diameter of 
the projectile it fires; also used to describe the length of a cannon, expressed as a 
multiple of its diameter

caliber

the measures taken, or the material used, to conceal or misrepresent a 
military position
camouflage

to project horizontally with one end of the structure (beam or slab) 
anchored into a pier or wall; also, the term for such an extension or for a projecting 
bracket

cantilever

a protrusion from the wall of a fortification, designed to allow grazing fire 
from within to sweep across the scarp walls adjacent to the parapet 
caponier 

formation of carbon from organic matter under heat and compressioncarbonization
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a chamber within a fortification built with overhead cover, and therefore 
resistant to bombs or high-angled shell fire
casemate 

 a window opening on hinges, which are generally attached to 
the sides of the window frame
casement window

the Spanish term for fortificationcastillo

 a brittle iron cast from molten iron to a specific shapecast iron

 a wheeled carriage running on, or in, tracks fastened to the ceiling, 
from which a projectile was suspended for movement
ceiling trolley

 a water-based paint containing Portland cementcement paint

to stay chemical activity in cement; to prevent further 
deterioration
cement-stabilization

paint deterioration caused by loss of paint binder, leaving dried pigmentschalking

an oblique surface cut on the edge or corner of a board, usually sloping at 
forty-five degrees
chamfer

features particular to a historic structure that distinguish and/or typify its character in 
terms of its original visual and structural design (and engineering), and in terms of 
its historic function or use

character-defining / distinctive feature

a French term for a small, two-wheeled cart; at the 
 instructors collected students’ drawings for assigned 

projects in a charette and the term came to be associated with the process of 
designing, and in particular with a work in progress by a group of architectural 
professionals

charette Ecole Nationale et 
Spéciale des Beaux-Arts

 a constricted geographical area, easy to defend.choke point

 a break in a construction installation; a stopping pointcold joint

steel pressed and shaped without heatcold rolled steel 

a large caliber, smoothbore, breech-loading cannon, designed to fire 
both shot and shell
columbiad 

 utilitarian brick used for normal-load-bearing constructioncommon brick

 the tendency of a mass to bear on a surface by gravitycompressive force

 in field fortification, the wall opposite the scarp; more directly, counter-scarp wall
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the side of a defensive ditch closest to the opposing force 

 surface crackingcrazing random hairline

direct fire coming from two opposing directions at oncecross fire 

 the comprehensive (and linked) built and natural landscape 
defining a distinctive cultural-use area
cultural landscape

chemical process of dehydration by which cement and aggregate harden or 
set
curing

 efficient earthwork where cut materials are used to fill low spots adjacent 
to the cut
cut and fill

D

the lower, broad part of an interior wall, finished in a painted or textured 
scheme different from that of the overall wall surface
dado

 a thru-wall membrane to resist rising dampdamp course

deformation of a structural element caused when loading exceeds 
resistance
deflection

a large stone placed within the mass of early concrete fortifications and 
intended to deflect a projectile that might strike it, thereby protecting interior spaces
deflector

deterioration in disconnected sheets or platesdelamination

 ancillary structuredependent structure

 variables of function, need, or usage that directly affect the 
design of a building, structure, or object
design parameters

 a gun mount designed to raise the gun to firing position 
above the parapet by means of a counterweight, and use the force of recoil to carry 
the gun back to its loading position below the parapet 

disappearing carriage

a metal connector or strapdog

 cracking that is not activedormant cracking

 a sash-type window with the lower framework typically 
moving up and down vertically, and the upper framework fixed; single-paned or 
multi-paned in type

double-hung window

 the line where water is shed from a surfacedrip line
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an experimental, and impractical, pneumatic gun that fired 
dynamite, using compressed air rather than gun powder to propel the dynamite to 
the target

dynamite battery 

E

a military construction formed chiefly of earth, used in both defensive 
and offensive operations
earthwork

soluble salts forming on a surfaceefflorescence

 a flexible sheet of rubberized material used for moisture 
protection
elastomeric membrane

a scale drawing representing a structure or building as projected 
geometrically on a vertical plane parallel to the chief dimension
elevation

a small opening in a fortification through which the weapon firesembrasure 

a subdivision of a battery that refers to a single gun and the provision 
of services necessary to its functioning; compare with 
emplacement

pit

 the door plate to which the handle is attached; or, the door plate 
protecting the keyhole or locking mechanism
escutcheon plate

a level area of a fortificationesplanade 

William C. Endicott, Secretary of War under the administration of 
President Grover Cleveland, associated with the program of modernization of 
American seacoast fortifications at the end of the nineteenth century

Endicott 

a polymer-based substance where oxygen and carbon atoms bond in a 
unique way; used in paints and adhesives; usually a two-component paint system 
where the components are mixed to achieve the chemical reaction that results in a 
hard and durable finish

epoxy

 the current condition, inclusive of advancing deterioration, of the 
physical fabric defining a site, structure, building, or object
existing condition

a joint used to compensate for or isolate structural movementexpansion joint 

F

natural deterioration or loss of strength in a materialfatigue

 the accurate recording of all features in a structure, including the 
observable imperfections of fabric, as a base for future preservation work or 
feature mapping
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measuring the rate of change in physical condition

the light and medium artillery pieces, and their units, whose function is 
to support the army in mobile battles and campaigns, not emplaced permanently in 
one area

field artillery 

 field-measure density used to determine degree of compaction; 
expressed as a percentage
field density

the on-site, physical observation and analysis required to ascertain the current 
conditions present at a historic property; here, when accompanied by maintenance 
actions, using the Action Log (Appendix C)

field review (inspection / reconnaissance)

 a structure housing the equipment and personnel necessary to 
accurately determine the location of targets or to command the fire of several 
batteries

fire control station

open fortification works of earthen construction, dating to the 1790s, which represent 
the first American attempt at a seacoast fortification network

first system of American seacoast fortification

a flat slab of stone, or artificial stone, used for pavingflag

 immediate corrosion of bare ferrous metals due to exposure to moisture 
in the air
flash rust

a mechanical device used to prevent moisture infiltrationflashing

high velocity direct fire, in which the projectile travels in a 
relatively straight line to the target
flat trajectory fire 

a base line system positioned at low elevation, to act as an alternate base 
line in case the view from the primary base-end stations was obscured by fog
fog base 

the perimeter base (or bottom) beam of a structurefooting

the temporary mold of timber or metal boards, or sheets, that is used to 
give concrete its desired form, and, to give it support until it has hardened sufficiently
formwork

 an underground linear drain designed to intercept and disperse waterFrench drain

G

a long room or passage, typically enclosedgallery 

the troops permanently assigned to a military postgarrison 
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the official master plan for a park, approved after a period of public comment
general management plan 

 the U.S. 155mm gun, Model 1918 on field carriage, a large mobile artillery 
piece used to supplement the fixed seacoast defenses; GPF is the acronym 
for  or high-powered gun, named after its French designer

GPF gun

Grand Puissance, Fillioux

a cement-based surface (or floor) finish for concrete resembling 
granite; often applied when the concrete is fresh (green) and sometimes augmented 
by a surface hardener based on sodium silicate

granolithic finish

ventilation using natural convection or air movement caused by differential pressure 
and air temperature

gravity / convection ventilation

flat trajectory fire placed low along the ground or watergrazing fire 

high pressure air cleaning using sand or other gritgritblast

 a vault formed by the intersection of two or more barrel vaults, with the 
omission of all of those parts that would lie below each of the uppermost vault forms
groin vault

an organization of firing batteries grouped together, irrespective of their 
permanent units, to provide the most effective command and control of an area’s 
harbor defenses

groupment 

a thin, coarse mortar poured into the joints of masonry and brickwork; to fill 
such joints
grout

a cannon that fires a high velocity projectile on a flat trajectorygun

that portion of a permanent battery upon which the cannon is 
emplaced 
gun platform 

H

the kind of place where a particular animal or plant lives or grows naturally, 
or, thrives
habitat

 coordinated movement due to the effects of wind loadingharmonic movement

historic architectural inventory

a systematic inventory recording the physical fabric and setting for historic 
properties; usually accompanied by photography; here, using the Coast Defense 
Resource Checklist (Appendix C)

historic structure / resource
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generally, with respect to American preservation efforts , a building, structure, or 
object meeting the requirements of eligibility for the National Register of Historic 
Places

 generally, with respect to American preservation efforts, a prehistoric or 
historic archeology site meeting the requirements of eligibility for the National 
Register of Historic Places

historic site

 a window opening outwards at an angle and having a bin-like 
appearance when open
hopper window

 a coastal fortification term that refers to the desire of the designers 
to keep the highest part of a gun battery, particularly those for guns mounted on the 
disappearing carriage, flat and unmarked by any object that could be used to 
identify the location of the battery from the sea

horizontal crest

 variation in air pressure that causes moisture to rise vertically 
i
hydrostatic pressure
n a wall

I

a metal structural shape designed to withstand deflection and twisting 
forces; consists of flanges and web
I beam

the structural skeleton beneath the outer skin of a building; also, the 
comprehensive system underlying a cohesive group of buildings and structures
infrastructure

with respect to American preservation actions, a reference to the seven 
points of integrity—location, design, setting, materials, workmanship, feeling, and 
association—defined within the criteria for eligibility to the National Register of 
Historic Places

integrity

a document that describes the themes and objectives of a park’s 
public education program, and the means for reaching those objectives
interpretive plan 

J

a mechanical device to liftjack

a vertical piece forming the side of a doorway or window openingjamb

templatejig

a simple timber, steel, or precast-concrete beam supporting floor boards or 
ceiling lath
joist

L
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a condition occurring when concrete is mixed too wet, causing 
cementitious materials to concentrate and leaving portions of the mix cement-poor
laitance

 stress-related metal deteriorationlamellar tearing

a carbon byproduct of burning hydrocarbons; used as a pigment in paintlampblack

a mortar of one part lime and three parts sandlime mortar

a thin lime mortar used as a paintlime wash

a horizontal supporting member above an opening such as a window or doorlintel

a loose soil composed of clay, sand, and organic matter, often highly fertileloam

a slanted board or slat in an opening, overlapping with other boards or slats, 
and arranged to admit air but to exclude rain
louver

M

a room within a battery or an emplacement where munitions are kept; 
often used more narrowly to indicate a room for the storage of powder
magazine

the ongoing efforts to clean and repair a structure in order to prevent 
or slow its deterioration
maintenance

 a proprietary name for a type of clay flue cap manufactured by 
the Superior Clay Company in Ohio
Mandary flue cap

an iron ring set into the interior wall of a gun pit to aid in moving 
or adjusting the position of the heavy weapons
maneuvering ring 

the distinctive climate of a restricted geographic area as defined 
within the more encompassing climate of a region
microclimate

 a fine wax with the ability to fill microscopic pores in 
materials; a sacrificial coating and protection
microcrystalline wax

a heavily protected room or building specially fitted out for the firing 
of submarine mines 
mine casemate

moisture / damp-proof membrane

a surface coating that prevents moisture infiltration

of one materialmonolithic
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 a mixture, as of lime or cement, sand, and water, which 
hardens in the air and is used for binding together bricks or stones
mortar (architecture)

a cannon designed to fire projectiles in a high, arched 
trajectory to reach over line-of-sight obstacles 
mortar (fortification) 

the area between individual bricks or stones, and between layers of 
such masonry, filled with binding material to create a compact mass
mortar joint

a rectangular cavity of considerable depth in a piece of wood for receiving 
a corresponding projection (tenon) of another piece of wood
mortise

a slender, vertical or horizontal, wood or metal piece separating individual 
window panes
muntin

muzzle-loading weapon

a weapon in which the projectile is loaded from the front, or muzzle, end of the gun 
tube

N

National Historic Landmark

nationally significant properties in American history and archeology; recognition 
established through the Historic Sites Act of 1935; official list maintained by the 
National Park Service on behalf of the U.S. Secretary of the Interior

National Historic Site

nationally significant sites in American history and archeology; program established 
through the Historic Sites Act of 1935; National Historic Sites are formally a part of 
the U.S. National Park system and are managed as physical property by the 
National Park Service

National Register of Historic Places

the official list of historically significant national, state, and local districts, sites, 
buildings, structures, and objects maintained by the National Park Service on behalf 
of the U.S. Secretary of the Interior; established through the National Historic 
Preservation Act of 1966

 vegetation indigenous to a geographic areanative vegetation

a mix of one part cement and one part sand without large aggregateneat cement

O
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relatively undeveloped land set aside for its recreational, habitat, or 
resource values
open space 

artillery pieces and the equipment used to maintain and fire themordnance

P

a permanently fixed open gun platform upon which a mobile 
artillery piece can be quickly placed for accurate fire and ease of traverse
Panama mount 

an earthen or concrete barrier that protects a battery from fire from the rearparados

 a paint containing petroleum-based waxparaffin paint

in coast defense, a wall of concrete or masonry that protects the cannon 
and those manning it
parapet

coating masonry with a cement-rich washparging

filtration of water through a materialpercolation

a pin or bolt, especially one on which something turns, as in a hingepintle

an emplacement containing two to four mortars and the provisions necessary for 
their service; compare with 
pit

emplacement

a drawing made to scale to represent the top view or a horizontal cut of a 
structure or building
plan

 cold joints or planes susceptible to differential movementplanes of weakness

 a scale of relative value indicating swelling or the expansive 
characteristics of soil
plasticity index

a thin, flat sheet of metal or other material of uniform thicknessplate

 a room containing the men and equipment required to develop the 
necessary data to accurately aim a gun or a group of mortars
plotting room

a gun that fires a projectile by the sudden release of highly 
compressed air
pneumatic gun 

to apply a final layer of mortar to a jointpoint

structural loading concentrated on a small cross-sectional area, as in 
the load of a beam transferred to a column
point loading

a material applied to a surface that absorbs a previous coating and draws poultice
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it out

 a hydraulic cement made by burning limestone and clayPortland cement

an effort to sustain the remaining physical fabric of an historic 
structure, with attention to the seven points of integrity—location, design, setting, 
materials, workmanship, feeling, and association—as defined by the criteria of the 
National Register of Historic Places

preservation

the Spanish term for a fortified garrison presidio

 the key building or structure defining a cluster of buildings and / 
or structures; or, the key building or structure supported by a group of ancillary 
(dependent) buildings and / or structures

primary structure

the first coat of a series of coats, usually paintprime

a generic term for the destructive missile thrown from a firearmprojectile 

to provide an historic site or property with a defensive system intended 
to inhibit further loss or deterioration of the existing physical fabric
protection

 a point load acting on a horizontal plane, as in a column resting on 
a slab
punching shear

R

a horizontal timber or piece in a window framework, wainscot, or door paneling; 
paired with
rail

stile

a gun that can be loaded and fired with great rapidity because of a 
single-motion breech mechanism; such guns also usually employ fixed ammunition, 
avoiding the need to load the propellant and the projectile separately

rapid-fire gun 

reinforcing steel bars used to provide a tensile component to compressive 
cement; various shapes: billeted, deformed, smooth, and twisted
rebar

a small fortification consisting of two parapets forming a salient angle, with 
the rear face of the fortification open
redan

an effort that minimally alters the remaining physical fabric of an 
historic property, while sometimes adding features to allow efficient contemporary 
use; executed with an emphasis on the seven points of integrity—location, design, 
setting, materials, workmanship, feeling, and association—defined by the criteria of 
the National Register of Historic Places

rehabilitation

replacement of masonry joint mortarrepoint
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resource management zone

geographical areas defined in a park’s general management plan that are managed 
according to distinct legislative and administrative requirements, resource values, 
and public preference

an effort to retain, preserve, or restore the complete physical fabric of an 
historic property appropriate to a researched temporal period, with close attention to 
the seven points of integrity—location, design, setting, materials, workmanship, 
feeling, and association—defined by the criteria of the National Register of Historic 
Places

restoration

 a wall built to hold back a mass of earth; a revetmentretaining wall

a large caliber, long-range weapon, with helical grooves cut in the 
bore to impart spin, and therefore stability and accuracy, to the projectile
rifled artillery 

the vertical face of a stair stepriser

 moisture rising in a wall due to hydrostatic pressurerising damp

 a Portland-type cement found in New York state; naturally 
occurring
Rosendale cement

S

a structural implement or connectorsaddle

the portion of a fortification that projects towards the enemysalients 

the protected entry way of a fortificationsally port 

a moveable framework in which planes of glass are set, as in a windowsash

a new piece of wood attached to an existing, deteriorated, or weakened 
member
scab

in field fortification, the wall closest to the defenders in a ditch built as an 
obstruction
scarp wall

the fortification network designed and emplaced to protect 
naval bases, seaports and other important coastal waters from the intrusion of 
hostile warships

seacoast fortification 

second system of American seacoast fortification

open batteries and masonry-faced forts constructed by the United States to protect 
strategic points on the Atlantic seaboard; predominantly prior to the War of 1812
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a cross-sectional drawing made to scale representing a vertical cut through 
a building or structure
section

 a frame building clad with cement stucco applied over an 
expanded metal lath, and referred to by the name of the army engineer officer who 
developed the technique, John Sewell

Sewell building

 a heavy steel roller with individual protruding cleats in a shape 
associated with that of the feet of sheep; used for soil compaction
sheepsfoot roller

flat sheets of lead used for flashingsheet lead

flat, thin metal, usually steel or steel alloysheet metal

a hollow projectile, filled with explosives, designed to exercise destructive 
force by explosive energy
shell 

supporting posts, beams, and auxiliary members placed against the side of 
a building or structure; especially supports placed obliquely
shoring

a solid projectile of dense metal, designed to exercise destructive force 
through penetration and kinetic energy
shot 

a room within a battery or an emplacement for the storage of projectilesshot room

 the movement or partial collapse of an earthen slopesloughing (soil)

overlapping or sheet materials to shed water; shinglingshuttering

 concrete with a granolithic finish or with a finish of small stones 
imbedded in cement
sidewalk concrete

generally in American preservation efforts, defined through the four 
criteria (A, B, C, and D) of the National Register of Historic Places; summarized as 
significance associated with key historic events (A), the lives of important persons 
(B), established architectural or engineering merit (C), and, the potential to yield 
worthy new information in history or prehistory (D).

significance

a horizontal timber, block , or the like, serving as the foundation for a wall; the 
horizontal piece beneath a window, door, or other opening
sill

large caliber weapons with smooth, unrifled bores, designed 
to fire spherical shot or shell ("cannonballs")
smoothbore artillery 

injection of lime or cement into soil for stabilitysoil grouting

a device using sound waves to determine relative densitysonic meter
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 a hammer used to strike concrete to determine consistency by 
the characteristics of the sound
sounding hammer

the flaking off of a material caused by expansion and contraction, or by 
material decomposition
spall

 a metal tube, either imbedded in the body of concrete or suspended 
from the ceiling, through which voice communication could be had between various 
parts of an emplacement or battery

speaking tube

a heavy concrete roof designed to protect against shell fragmentssplinterproof

to reestablish the structural equilibrium of an historic building or 
structure, or, to arrest further deterioration to an historic property or site, generally
stabilization

an upright bar, beam, post, or support, as in a window, stall, or 
compartment
stanchion

the management of a property, site, or historic resourcestewardship

a vertical member in a wainscot, window, paneled door, or other piece of 
framing; paired with
stile

rail

military art and science applied on the large scale to the employment of 
nations, their resources, armies and fleets
strategic 

a post or upright wood member in the wall of a buildingstud

a shaped piece of reinforcing steel designed to tie two (top and bottom) 
horizontal rows of reinforcing
stirrup

a raw, base material (wood substrate to paint); underlying layersubstrate

 inconsistent absorption by a porous substrate caused by 
inconsistent surface preparation; volatile solvents evaporate at different rates
suction spotting

 chemical or friction connection between a substrate and applied 
finish surface
surface bonding

T

military art and science applied to the employment of small scale units and 
capabilities of particular weapons 
tactical 

manipulation of concrete in a form to settle concrete and eliminate voidstamping

Taylor-Raymond hoist
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the most successful of several ammunition hoist designs, developed by Harry 
Taylor through a series of improvements upon an earlier design by Robert 
Raymond; Taylor and Raymond were both army engineer officers

 a free-standing concrete structure (but also a recess) that 
housed a telautograph, an electro-mechanical distance writing instrument
telautograph booth

 force which seeks to pull materials aparttensile force

a term that dates from much earlier fortification practice and meaning the 
area of a rampart where guns could be maneuvered; by the 1890s, it was used most 
often to indicate the ground level of a battery, but it soon fell out of use

terreplein

thermal expansion / contraction

differential movement due to change in size caused by changes in temperature

third system of American seacoast fortification

a system of permanent masonry forts and supplementary batteries, designed 
between the War of 1812 and the Civil War, to improve upon the protection of 
strategic points along the Atlantic and Gulf coasts of the United States

tongue-and-groove joint

a common joint consisting of a projecting strip along the edge of a board and a 
matching groove on the edge of the next board

a light rail line upon which ammunition carts could be pushed or hauled by 
hand 
tramway

 a detailed drawing made by U.S. Army engineers when a 
completed battery was transferred to the artillery service; it provided instructions 
about the use and care of all the equipment and facilities furnished with the battery

transfer drawing

an optical instrument used to set lines, grades, and elevationstransit

in fortifications, the structure on either side of an emplacement that 
provides protection from flanking fire; when referring to a cannon and its carriage, it 
can also mean movement to the left or the right

traverse

 a plan describing specific operations used in maintaining or 
preserving architectural properties
treatment plan

 a linear drain designed to convey, intercept, or trap watertrench drain

a weapon mounted in a rotating, armored enclosureturret mount 
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V

propellant charge consisting of various sized grains of powder, which will therefore 
burn at different rates; the effect will accelerate the projectile more gradually out the 
gun tube, providing increased ultimate velocity and less strain on the gun barrel

variable-burning powder

the panoramic, or otherwise fully encompassing, view  an historic 
site or property
viewshed from

W

a gun battery placed to lay grazing fire across the waterwater battery 

a mix a hydrated white lime, alum, water used as a surface coatingwhitewash

the width of a brickwythe

1/22/03 2:28 PMSeacoast Fortification Manual - Glossary of Terms

Page 18 of 18http://www.nps.gov/goga/history/seaforts/glossary.htm



LIST OF ACRONYMS

American Association of State Highway and Transportation 
Officials
AASHTO

American Concrete InstituteACI

American Plywood AssociationAPA

Association for Preservation TechnologyAPT

Army Air Defense CommandARADCOM

Archeological Resource Protection ActARPA

American Society for Testing MaterialsASTM

American Wood Preservers Bureau StandardsAWPBS

battery commanderBC

(fort.) coincidence range-finder [station]CFR

(pres.) Code of Federal RegulationsCFR

Concrete Reinforcing Steel InstituteCRSI

Environmental Protection AgencyEPA

Federal Highway AdministrationFHWA

 [a high-powered gun named after its French 
designer]
GPF Grand Puissance, Fillioux

Geosynthetic Research InstituteGRI

intercontinental ballistic missileICBM

mine casemateMC

National Association of Corrosion EngineersNACE

National Ornamental and Miscellaneous Metals AssociationNOMMA

Office of the Chief of EngineersOCE

Occupational Safety and Health AdministrationOSHA
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pounds per square inchpsi

Report of Completed BatteriesRCB

Report of Completed WorksRCW

Signal Corps Radio [Army radar classification developed during World 
War II]
SCR

Southern Pine Inspection BureauSPIB

Sealant, Waterproofing, and Restoration InstituteSWRI

West Coast Lumber Inspection BureauWCLIB

Western Wood Products AssociationWWPA
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INTRODUCTION

The  for the Golden Gate 
National Recreation Area is a collaborative effort, drawing upon expertise 
across several disciplines. Five primary authors contributed to the 
manual, with other individuals crucial for their roles as discussants, 
question answerers, and sources of specialized information. The manual 
is divided into three parts, with appendices supporting the volume.

Seacoast Fortifications Preservation Manual

"Part I: History and Preservation for Coast Defenses" introduces the 
installations and the preservation process. The four chapters of Part I 
include an opening conversation with readers of the manual—why 
preserve coast defenses—and three background introductions to the 
broader topic of these fortifications and their maintenance. Historian 
Stephen A. Haller and architectural historian Dr. Karen J. Weitze, leaders 
for the National Park Service and KEA Environmental team, contributed 
chapter 1. Mr. Haller, as Park Historian for the Golden Gate National 
Recreation Area, wrote chapter 2, a look at the national context for the 
coast defense fortifications of the San Francisco Bay Area. Military 
historian and preservationist David M. Hansen authored chapter 3, 
defining the character-defining features of the fortifications and giving 
readers a basic vocabulary with which to interpret these specialized 
historic resources. Chapter 4, standards and guidelines for the 
preservation process, is the joint effort of Mr. Hansen, Mr. Haller, and Dr. 
Weitze.

"Part II: Engineering, Design, Construction and Maintenance Issues" 
focuses on historic architectural-engineering practices at the San 
Francisco batteries. Chapter 5 offers an introductory analysis of the 
materials used at the San Francisco batteries and at the Nike sites, 1870 
to 1970, and is authored by Dr. Weitze. Several complementary 
paragraphs written by Mr. Freeman, and originally appearing in chapter 7, 
have been incorporated into chapter 5. Paired with chapter 5 is Mr. 
Hansen’s chapter 6, a discussion of American battery design, 
concentrated on the Endicott period. 

The four chapters of "Part III: Treatments" develop maintenance 
treatments and procedures, with the individual pull-out sheets of chapter 
10 topically addressing known concerns and challenges. Pull-out sheets 
are organized by historic materials and subtopics, such as "Brick 
Construction: Mortar and Repointing" and "Metals: Handrails and 
Guardrails," with each sheet independently formatted. Historical architect 
Joe C. Freeman contributed chapter 10. Chapters 7, 8, and 9 support the 
treatments and procedures presented by Mr. Freeman. Chapter 8, 
discussing safety and security issues at the batteries and their ancillaries, 
is the joint contribution of Dr. Weitze, Mr. Hansen, and John A. Martini, 
Curator of Military History for the Golden Gate National Recreation Area. 
Chapters 7 and 9, contributed by architect Freeman, provide analyses of 
the elements of deterioration across the coast defense installations, as 
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well as overviews of types of suggested treatment plans. The suggested 
plans are focused on a range of alternatives from stabilization to 
restoration.

The appendices offer further source material to the reader. Appendix A 
gives a list of the coast defense fortifications within the jurisdiction of the 
Golden Gate National Recreation Area, with a representative selection of 
ancillaries. The list is intended as a basic guideline for the reader, 
providing him with beginning and completion construction dates; and, with 
gun emplacement and removal dates. Installations visited during field 
work for the manual are so noted. Appendix B is a set of U.S. Army Form 
7s, simple plans, elevations, and sections for the batteries. Although the 
Form 7s are not a complete set, they do offer useful information for future 
maintenance site work. A brief history of the Form 7, derived from the work 
of military historian Matthew L. Adams, opens the appendix. Appendices 
A and B are researched and written by military historian Martini. Appendix 
C provides the Coast Defense Resource Checklist, with an introductory 
discussion of its intended use in a future historic architectural inventory 
and in ongoing maintenance work. Mr. Hansen developed the resource 
form, with additional comments for its best use found in chapter 4. Also in 
Appendix C is an Action Log for use by the maintenance staff of the 
National Park Service. The Action Log can be reproduced in multiple. 
Completing the concluding sections, Appendix D offers a summary of 
professional sources for treatment materials and techniques, while 
Appendix E provides professional cut-sheets discussing manufacturers’ 
standards for items often required in the maintenance of historic 
structures—such as appropriate soil stabilization products, concrete 
pigments, coatings, and epoxy injection. 

Over 100 illustrations accompany the 
 for the Golden Gate National Recreation Area, inclusive of historic 

photographs from the collections of the Park Archives of the Golden Gate 
National Recreation Area; contemporary photographs at the batteries 
taken by Mr. Hansen; and, sketches provided by architect Freeman. 
Together these illustrations offer the reader a close look at the range of 
challenges present at the coast defense sites of the San Francisco Bay.

Seacoast Fortifications Preservation 
Manual

Text and illustrations are offered to encourage thoughtful maintenance 
and preservation at the batteries and ancillaries of the Golden Gate 
National Recreation Area, and to further encourage such efforts for all 
coast defense fortification sites—American and international.
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Seacoast Fortification Manual - Chapter 1: Why Preserve Coast Defenses?

Plate 1. Battery Godfrey, Fort Winfield Scott, 
constructed 1892-1896. Looking northwest at 

loading platform.

Plate 2. Battery Kirby, Fort Baker, constructed 
1899-1900. Looking into emplacement from 

battery crest. 

Plate 3. BC Station, Battery Construction #129, 
Fort Barry, constructed 1942-1944. Looking 

east. 

The Golden Gate National Recreation Area is 
challenged to protect, preserve, and interpret a 
grouping of more than fifty coast defense 
fortifications, ranging in age from fifty-five years to 
more than a century, inclusive of the remaining 
earth-and-brick batteries of the early 1870s, to the 
experimental and sophisticated reinforced concrete 
structures of the Endicott period through World War 
II (Maps 1–4). Augmenting the oversized scale of the 
primary gun emplacements that define the batteries, 
themselves sometimes eight in number at a mortar 
site, are approximately 160 ancillary structures and 
associated features of the coast defense cultural 
landscape. Ancillaries include casemates that 
served as the explosive operating units for mines 
placed under bay waters; fire control stations for 
modernizing the command required with the 
expanded range and accuracy of modern guns; and, 
searchlights at multiple points of land jutting out 
along the coastline both north and south of the 
harbor entrance. Mine casemates and fire control 
stations, the latter also known as base-end stations, 
first appeared during the 1890s, while systematic 
searchlights followed after the turn of the century. 
Extending coast defense through World War II and 
into the Cold War decades of the 1950s and 1960s 
are radar stations and Nike antiaircraft batteries, 
with Nike emplacements found from the 
northernmost edges of today’s park to the far south 
(Maps 5–7).

Significance

The seacoast fortifications of San Francisco Bay are 
significant as well-preserved examples of nearly 
every important development in military fortification 
engineering from before the Civil War to the guided 
missile era; as tangible manifestations of changing 
periods of the nation's history and of its changing 
military responses; and as associative links with 
people important to the history of the nation as a 
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Plate 4. Battery Wallace, Fort Barry, 
constructed 1917-1921. With casemating of its 

two guns in 1942-1943. Emplacement entry.

Plate 5. Power plant at Battery Dynamite, Fort 
Winfield Scott, constructed 1894-1895, with 
major additions and remodeling, 1899-1900.  

Plate 6. Butler Manufacturing Co., Missile 
Assembly Building, Nike Site SF-88L, Fort 
Barry, erected 1962. Courtesy of the Park 

Archives of the Golden Gate National 
Recreation Area. 

whole from John C. Fremont and "Kit" Carson to 
Irvin McDowell and Douglas MacArthur. The military 
reservations that provide a relatively unchanged 
physical context for these fortifications also provide 
a spectacular backdrop of largely undeveloped 
open space at the very verge of a great urban 
metropolis. This open space is not only a defining 
factor in the San Francisco Bay Region's world-
renowned scenic beauty, but has become the core 
of land around which is established the first of the 
nation's urban national park areas. 

Public Law 92-589, the enabling legislation which 
created the Golden Gate National Recreation Area 
in 1972, stated that the new park’s purpose was, "to 
preserve for public use and enjoyment certain areas 
on Marin and San Francisco Counties, California, 
possessing outstanding natural, historic, scenic, and 
recreational values…" (1) This national park is one of 
the 375 units (at the time of this writing) of a world-
renowned system of natural reserves, scenic areas, 
and historic sites whose overall mission is to 
"preserve unimpaired the natural and cultural 
resources and values of the national park system for 
the enjoyment, education, and inspiration of this and 
future generations." (2)

The 

 (1980) placed all the fortifications within a 
preservation zone, where the historic resources are 
"to be managed and used primarily for the purpose 
of facilitating public enjoyment, understanding, and 
appreciation of their historic values" and for 
"protection of structures from influences and uses 
that could cause deterioration.

Golden Gate National Recreation Area/Point 
Reyes National Seashore General Management 
Plan

(3)

In carrying out its mission of historic preservation, 
the National Park Service adheres to the provisions 
of the National Historic Preservation Act of 1966, as 
amended. This act requires the heads of all federal 
agencies to establish a preservation program that 
identifies, evaluates, protects and nominates historic 
properties to the National Register of Historic 
Places. The Act stipulates that such historic 
properties "are managed and maintained in a way 
that considers the preservation of their historic, 
archeological, architectural, and cultural values 
…and gives special consideration to the 
preservation of such values in the case of properties 
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designated as having National significance." (4)

In accordance with the above laws, regulations and 
policies, the seacoast fortifications within Golden 
Gate National Recreation Area have been 
determined eligible for, or placed upon, the National 
Register of Historic Places as: the Fort Mason 
Historic District; the 6-Inch Disappearing Rifle; the 
Fort Miley Military Reservation; the Fort Baker, Barry 
and Cronkhite Historic District; Fort Funston; and the 
Hill 640 Military Reservation. In addition, the 
following coast defense properties have been 
designated National Historic Landmarks because of 
their national significance: the Presidio of San 
Francisco; Fort Point; and Alcatraz Island. The 
entire seacoast fortification network at Golden Gate 
National Recreation Area is presently in the process 
of being nominated as a National Historic 
Landmark, and is being managed as such until an 
official determination is made.

Therefore, within the framework of the mission of the 
National Park Service; the legislated purpose of the 
Golden Gate National Recreation Area; and 
established legislation and approved park policy; 
the answer to the question "Why preserve coast 
defenses?" is clear: "It is policy, firmly based upon 
law." 

Reasons to Preserve

Today walkers, hikers, and joggers are confronted 
with many images as they explore trails within the 
park. A single view can yield a close look at a stolid 
defense site of the 1890s, such as that of Battery 
Godfrey, and simultaneously include one of the 
elegant Moderne towers of the Golden Gate Bridge 
of the late 1930s—the pair of historic resources 
framed by the mature landscaping evocative of the 
complexities of the immediate setting of the 
Presidio. The man-made beauty inherent in the 
sculptural forms of many gun pits, such as at Battery 
Kirby at Fort Baker, offer any park visitor a 
heightened moment of pause

when, after climbing up steep battery steps to the 
blast apron, he turns back to be rewarded with the 
sweeping precision of a crisp circular form not quite 
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anticipated (Plates 1 and 2). 

Explorations in the immediate proximity of a battery 
can yield not just a better understanding of the 
primary structure, but also of its important ancillaries. 
For World War II Battery Construction #129 within 
Fort Baker, a battery commander’s station gives a 
clear sense of the role of the observation post, half-
buried, with its viewshed framed by a bunker-like 
horizontal, panoramic opening. And when one 
comes upon Battery Wallace, one is stopped, as 
one is always stopped, by the graphic 
announcement of a formal name and date of 
construction: . As is often true 
when we confront the painted signage and imagery 
added to the equipment of war, from aircraft to the 
command blockhouses controlling missiles, we are 
pulled back into the past through specificity (Plates 
3 and 4). We preserve coast defenses, then, so that 
we may allow future generations to see and touch 
the past.

Battery Wallace 1942

As history moves forward, these many and diverse 
defense resources remain what they were designed 
and engineered to be: an intimate part of the land 
forms on which they are both imbedded and 
perched. The Army built the coast defense 
fortifications bracketing the San Francisco Bay, from 
batteries to ancillaries, with deliberate care in their 
texturing and coloration, achieved through planted 
foliage, coated blast aprons, and structural paint 
schemes. When addressing the larger cultural 
landscape of coast defense within the Golden Gate 
National Recreation Area, one is asked to reflect on 
the original beaches and man-made cuts and fills; 
the contours of the hills, deliberately altered by 
emplacements to re-achieve the appearance of a 
natural vista from the vantage of hostile approaching 
ships; the roles of native and introduced plantings—
from grasses, iceplant, and eucalyptus in the 
Endicott years to exotic kudzu by the late 1930s; the 
roadways, paths, and parade areas both at and 
between the installations; and, the line-of-sight 
viewsheds from the batteries themselves, 
engineered seawards. The setting for San 
Francisco’s coast defenses is made even more 
complex by the long and prominent history of the 
Presidio, Fort Baker and other posts, each accented 
through a formal built environment and landscaped 
grounds.
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Interpretation of such a resource demands repeated 
looks at the many included sites within the coast 
defense system of fortifications, coupled with 
renewed archival siftings through Army reports; 
through letters between military engineers, as well 
as between commanders; and through drawings, 
plans, and historic photographs. We preserve coast 
defenses, too, so that tomorrow’s historians may 
apply knowledge and interpretations to physical 
fabric in its more encompassing context, rather than 
applying what they discover only to changed land 
forms and mere records of what is no longer there to 
be seen.

The larger cultural landscape of coast defenses 
within the Golden Gate National Recreation Area 
offers structures that contrast widely with each other, 
from the formal Beaux-Arts classicism found in the 
mid-1890s power plant built to accompany Battery 
Dynamite, to the simple corrugated, metal-frame 
Butler building used to house the missile assembly 
for Nike during the early 1960s. The power plant 
was exemplary of the high stylistic trends of its time, 
while the Nike structure harkened straight back to 
World War II and the opening of the Cold War, with 
little change (Plates 5 and 6). 

( )Return to top
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Seacoast Fortification Manual - Chapter 1
Links Between the Coast Defenses of San Francisco and the Northwest

Plate 7. Battery Stotsenburg-McKinnon, Fort 
Winfield Scott, constructed 1897-1898. 

Blackboard racks at data booth.

In undertaking a maintenance manual for the coast 
defense fortifications of the Golden Gate National 
Recreation Area, the National Park Service at the 
Presidio, San Francisco, follows in the footsteps of the 
Washington State Parks and Recreation Commission, 
for the planned management of its coast defense 
installations, and, the National Park Service through the 
National Maritime Initiative, for the similarly thoughtful 
management of its coastal lighthouses. In the 
Northwest, military historian David Hansen authored the

 for 
Washington State Parks (1989), following this effort with 
the context statement titled

(1997). At the national level, the 
 (1998) is recently accessible 

not only in printed format, but also on a National Park 
Service website. For the coast defenses of the San 
Francisco Bay, discussed herein, the National Park 
Service is challenged by an even greater breadth of 
resources, in type and time period, than in either the 
Washington management document or the lighthouse 
handbook.

Coast Defense Resources Management Plan

Never Finished: The 
National Coast Defense Program in Washington State

Historic Lighthouse 
Preservation Handbook

In particular, the Golden Gate National Recreation Area 
hopes to continue discussions and research put forth for 
the Washington coast defense fortifications, 
encouraging further detailed scholarship focused on 
engineering history for the Pacific. In 1886 Secretary of 
War William C. Endicott had convened a board to 
develop modern coast fortifications effective against the 
evolving sophistication of naval weapons. Endicott’s 
name later became associated with those coast 
defenses built during the 1890s and into the first years 
of the twentieth century. Commonly referenced as the 
Endicott period, this fifteen-year span was of key 
importance in the design and engineering 
experimentation for fortifications along America’s 
seaboards. Yet in the middle 1880s, the West Coast 
was so sparsely settled and militarily remote, that the 
Endicott Board had recommended augmentation at only 
three Pacific harbors among the twenty-seven reviewed 
nationwide: San Francisco, the Columbia River 
between Oregon and Washington, and, San Diego. In 
the Northwest, the Columbia River location ranked 
eighteenth in urgency for construction, with batteries 
begun at Fort Stevens, Oregon, in 1896; and, at 
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Chinook Point and Fort Canby, Washington, in 1897 
and 1899. The U.S. Army Corps of Engineers added 
Puget Sound to the national program in 1894, with 
construction first undertaken at Fort Worden beginning 
in 1896. Hence, erection of coast defenses in the 
Northwest was a phenomenon of the turn of the 
twentieth century. Subsumed under the jurisdiction of 
San Francisco, the Columbia River and Puget Sound 
fortifications were perfectly timed and orchestrated to 
draw directly upon the work that occurred first at the 
Golden Gate, between 1891 and 1898.

The U.S. Army Corps of Engineers had initiated 
construction of the Northwest coast defenses under the 
leadership of Captain Walter L. Fisk. An engineer on his 
staff, Harry Taylor, actively involved himself in solving 
some of the design problems that arose in this period. In 
early 1898 Taylor sent his assistant, M.L. Walker, to 
study and review the coast defense fortifications then 
just-finished and under construction in San Francisco. 
Although unnamed by the War Department until 1902, 
these batteries included the Fort Winfield Scott 
installations Marcus Miller (built between 1891 and 
1898), Godfrey (1892-1896), Howe-Wagner (1893-
1895), Boutelle (begun 1898), Dynamite (1894-1895), 
Saffold (1896-1897), Cranston (1897-1898), 
Stotsenburg-McKinnon (1897-1898), and Lancaster 
(begun 1898) on the south side of the bay, and, the Fort 
Baker batteries Spencer (1893-1897) and Duncan 
(begun 1898) on the north. The Endicott Board 
recommendations of 1886 had ranked San Francisco 
second in needed new construction, and several of the 
first Endicott batteries built bracketing the bay were 
characterized by their unusual, sometimes singular, 
design and engineering, and were overseen directly by 
the division engineer Charles Suter. Both Suter and 
Taylor worked steadfastly as engineering designers of 
coastal fortifications, collaborating on some of the first 
work undertaken at Fort Worden in Washington. Suter’s 
contribution, in particular, needs the attention of 
historians. Another motivation in the preservation of 
coast defenses is the uncovering of details important in 
engineering history—so that from our archival 
discoveries we may interpret the critical physical 
features of individual batteries. Where such features are 
unique, we learn to pause and appreciate, to link 
specific achievements and failures with the engineering 
of coast defenses that came before, and followed 
afterwards—linking San Francisco to the nation’s 
seaboards in a historic continuum.
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Properties Addressed in the Maintenance Manual

In undertaking the preparation of a coast defense 
maintenance manual, the National Park Service limited 
itself to those batteries, and a representation of their 
related ancillary structures, currently within the 
boundaries of the Golden Gate National Recreation 
Area. Although such a demarcation is necessarily 
somewhat artificial with respect to Army history, it allows 
the clearest and most efficient management of the park’s 
historic resources. In his thorough and exemplary 1979 
study, , 
Erwin N. Thompson acknowledges this dilemma, and 
includes discussion of the related batteries and ancillary 
structures on Angel, Alcatraz, and Yerba Buena Islands. 
The Fort McDowell Endicott batteries of 1899 to 1901 
on Angel Island—Drew, Ledyard, and Wallace—are 
especially noteworthy from the vantage of engineering 
history, and although they presently are managed under 
the ownership of the State of California, may merit cross-
referencing during later research efforts for the National 
Park Service properties.

Seacoast Fortifications San Francisco Harbor

In addition, the National Park Service is in the process 
of preparing a National Historic Landmark nomination 
for the seacoast fortifications of San Francisco Bay, 
under a multiple property designation. The landmark 
nomination, as a historically comprehensive 
interpretation of the coast defenses surrounding San 
Francisco Bay, extends outside of the management 
boundaries of the Golden Gate National Recreation 
Area. The proposed National Historic Landmark 
includes numerous properties not discussed in the 
maintenance manual: these are six batteries, a mine 
casemate, and a Nike site on Angel Island; selected 
buildings, magazines, tunnels, and walls on Alcatraz 
Island; a mine storehouse on Yerba Buena Island; and 
thirty-three ancillary structures (fire control stations, a 
mine casemate, searchlights, generator buildings, 
antiaircraft emplacements, and World War II SCR 296-
type radars) at the six additional military reservations of 
Devil’s Slide, Little Devil’s Slide, Frank Valley, Hill 640, 
Pillar Point, and Wildcat Ridge, to the north and south of 
the Golden Gate National Recreation Area.

Within the jurisdiction of the Golden Gate National 
Recreation Area, and referenced in this manual, are fifty 
total batteries: six batteries of the Civil War and post-
Civil War eras (Forts Baker, Mason, and Winfield Scott); 
thirty-one batteries of the early-modern Endicott, Taft, 
and World War I eras  (Forts Baker, Barry, Mason, Miley, 
and Winfield Scott); and, thirteen batteries of World War 
II (Forts Baker, Barry, Cronkhite, Funston, Miley, and 
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Point, with one installation at Milagra Ridge).  For the 
purposes of representative field review, the 
maintenance manual team looked at twenty of these 
batteries, and sampled an additional nine ancillary 
structures. The full list of batteries, with visited batteries 
and ancillaries marked by asterisks, is given in 
Appendix A, with many of the Army’s Form 7s—
simplified elevations, sections, and plans—reprinted in 
Appendix B. Batteries selected for field review were 
agreed upon by the National Park Service and the 
maintenance manual team, and offer a cross section of 
age and type, as well as presenting the range of 
maintenance issues found in the Golden Gate National 
Recreation Area.

(5)

A Preservation Charette

At the outset of the field inspections, the maintenance 
manual team, under the direction of KEA Environmental, 
gathered together on December 12, 1998 for an informal 
charette of interested preservation professionals. Our 
goal was to discuss firsthand the types of challenges 
raised in the care and interpretation of coast defense 
fortifications. We can preserve such resources only if we 
can manage them well over time. Attending the all-day 
event were members of the National Park Service, the 
maintenance manual team, and representatives of the 
preservation community. Four historical architects and 
an architectural historian were in attendance, including 
Ric Borjes and Hank Florence from the National Park 
Service, Golden Gate National Recreation Area and 
Seattle offices, respectively; Steade Craigo and Joe 
Freeman, AIA restoration architects from Sacramento, 
California, and, Austin, Texas; and Dr. Karen Weitze, 
from KEA Environmental and maintenance manual 
project manager. Mary Hardy, from the Berkeley firm of 
Siegel & Strain Architects, represented the specialty of 
historic materials conservation, while San Francisco 
landscape architect Denise Bradley represented that 
discipline. Brian Grogan, of Grogan Photography & 
Preservation Associates, Yosemite, California, brought 
the fine arts perspective. Mr. Grogan is the large-format 
photographer for the National Historic Landmark 
nomination in progress for the San Francisco coast 
defense fortifications. Three military historians, with 
many years experience, brought superlative expertise to 
the gathering: John Martini, curator of military history for 
the Golden Gate National Recreation Area; David 
Hansen, a member of the maintenance manual team 
and author of earlier studies and published articles on 
the coast defenses of Washington; and, Milton "Bud" 
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Halsey, Colonel USA, retired, manager of the restored 
Nike missile site SF-88L, Fort Barry. Mr. Halsey’s first-
hand experience in the preservation and interpretation 
of the Nike site complemented all discussions of the 
battery locations throughout the day. Three historians 
further augmented the expertise of the military group: 
National Park historians Steve Haller and Gordon 
Chappell, and, KEA historian Christy Dolan. Filling out 
the charette were the Marin Buildings and Utilities 
Supervisor from Fort Baker, Tima Alexandro, and, a 
National Park Service volunteer for Battery Chamberlin 
and site representative for the Coast Defense Study 
Group, Eric Heinz.

The morning opened with general introductions and a 
presentation of the larger goals of the National Park 
Service in its work with coast defense fortification 
restoration and interpretation, both in the San Francisco 
Bay Area and in Puget Sound. Ric Borjes stated the 
desire for a practical tool available to his personnel in 
the Golden Gate National Recreation Area, one that 
could aid in prioritizing needed maintenance and 
stabilization work at the batteries and their associated 
ancillary structures, and, could serve to effectively 
organize annual plans and budgets, using a 
collaborative team of individuals ranging from 
volunteers and students, to contracted preservation 
specialists. Hank Florence spoke about the upcoming 
projects planned for Washington, with work continuing 
at Fort Worden, and with a management manual similar 
to that undertaken by the National Park Service in San 
Francisco planned for the summer of 1999. Efforts in the 
Northwest are geared toward an international 
conference on coast defense fortifications tentatively set 
for 2001. Both Mr. Borjes and Mr. Florence are seeking 
a united Pacific Coast perspective on coast defenses, 
and are hopeful that coordination of their projects can 
serve the National Park Service in other districts, as well 
as enhancing our understanding of the historic ties 
between the fortifications of San Francisco, the 
Columbia River, and Puget Sound. 

Before leaving on selected site tours of the batteries, 
military historians Martini and Hansen opened 
discussions for the group through two lively and 
thorough slide presentations, focused on the coast 
defenses in San Francisco and Puget Sound. Mr. 
Martini poignantly reminded the group of sixteen 
professionals that park preservation and interpretation 
always begins with the public. Growing up in the Bay 
Area, Mr. Martini happened upon the batteries as a boy, 
exploring them repeatedly, and never forgetting his first 
experiences. Similarly, years of military service and 
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participation in organizations like the Coast Defense 
Study Group bring layers of experience to later efforts 
focused on the interpretation of defense sites. Charette 
members Bud Halsey and Eric Heinz both added this 
kind of irreplaceable perspective, with factual 
knowledge of the working details within functioning 
military installations of the recent past, complemented 
by understandings focused on the usefulness of items 
like military procedures and technical manuals, 
themselves now historic resources. Mr. Hansen, not 
only a military historian, but an architectural-engineering 
historian as well, gave the group a professionally 
reflective introduction to the batteries, making 
correlations between military needs and engineering 
innovations documented in the infrastructure. He 
pointed out that we must remember that buildings are 
designed for the use of specific groups of people, 
operating under the quite definitive constraints of their 
own times and places. We must acknowledge the client, 
here the U.S. Army. 

The Army required that its coast defenses achieve some 
very basic design parameters. The fortifications needed 
to keep men and equipment—from the ammunition to 
the loading mechanisms—warm, dry, and safe from 
premature explosion,  whi le simultaneously 
guaranteeing that the batteries and their ancillaries were 
strong enough to withstand attack. Planning for the 
coast defense fortifications went slowly, moving through 
a bureaucracy of cross-checks and approvals. The 
design and engineering process inside the Army, 
therefore, was necessarily one overly dependent on the 
drafting boards: early construction tended to be 
overdesigned, making the batteries physically more 
extensive than they might have been if practical 
observations could have been forthrightly incorporated 
into the process. Predictably experimentation to 
strengthen the batteries occurred from the first, with 
massive poured concrete receiving rock, iron, and steel 
reinforcing in a variety of treatments that ranged from 
dismal failures to transitional, qualified successes. 
There was also the matter of adaptation to evolving 
weaponry, both from the vantage of defense against 
advancing naval guns, and from the vantage of effective 
land retaliation.

Mr. Hansen noted, like civil engineers of the early 
twentieth century, that batteries were much like ships—
they really were never finished, demanding continuous 
maintenance and improvements. The earthen 
embankments immediate to the batteries protected the 
fortifications, deflecting projectiles away from the 
installations. As cannon adapted to the disappearing 
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carriage, Army engineers developed mechanisms to 
load the guns behind walls and then raise them to fire. 
The resulting batteries had two stories, the upper area 
open behind walls, and the lower fully enclosed as 
rooms. Such a design also required hoisting heavy and 
dangerous ammunition from a low point upwards, 
making clear just how the physical form of the battery 
would always be subservient to ordnance. In other 
cases, barbette carriages did not require the crested 
upper wall design, and thus also affected 
experimentation with placement of the ammunition 
magazines on a more nearly equal level to the guns. 
Over time batteries tended to become larger, with 
individual emplacements separated within single 
installations and with batteries increasingly spread out 
across the coastal terrain. Less dramatic, engineering 
efforts also attacked problems of water percolation 
through the porous concrete; varieties of deliberate 
plantings immediate to the installations; and, methods of 
blending the batteries into their hosting land forms. And 
in all cases, Army procedure dictated how the post 
would be commanded. Such procedure also changed 
over the decades and is reflected today in the nearly 
archeological remnants of items like the turn of the 
century blackboard racks in the data booth at Battery 
Stotsenburg-McKinnon (Plate 7).

Graffiti

The charette then reconvened at the post-Civil War era 
Cavallo Battery, north of the Golden Gate Bridge. A 
massive earth-and-brick battery, Cavallo has sustained 
major, recent problems with vandalism by graffiti artists, 
even with regular patrolling by park personnel and 
within locked fencing. In many places on the battery’s 
brickwork there are layers of graffiti, and in some areas, 
the art work has been carved into the face of the 
masonry. A single treatment to remove paint is neither 
possible, nor practical, as the different paints each are 
defined by a distinct chemical make-up. Architect Joe 
Freeman suggested that the most straightforward 
solution might be to temporarily mask the graffiti with a 
breathing, benign paint similar in color to the bricks. 
Such a tack would discourage the graffiti artists; could 
be repeated; and, at a later date, as conservation 
techniques become more sophisticated, the interim 
masking and the hidden graffiti could be removed. 
Conservationist Mary Hardy carried these thoughts 
further with the idea of letting the graffiti fade through 
natural weathering, while architect Steade Craigo 
reiterated the fragile nature of the masonry itself. In the 
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future, with the graffiti cleaned from the surfaces of the 
battery, a microcrystalline wax could be used to coat the 
brickwork, allowing the material a viable protection from 
wandering artists.

( )Return to top
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Seacoast Fortification Manual - Chapter 1
Vegetation and Habitat

Plate 8. Preservation charette group at 
the CRF station for Battery Yates, 

located at Cavallo Battery, Fort Baker, 
1903. Discussion of vegetation and 

habitat issues. 
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sites, these sites are different enough 
from the gun batteries to be dealt with 
separately. They are referenced in, but are 
not intended to be a part of, this study.

Statement for 
Management, Golden Gate National 
Recreation Area

. The National Parks: Index 1997-1999

Golden Gate National Recreation Area/
Point Reyes National Seashore General 
Management Plan / Environmental Impact 
Statement

. 

National Historic Preservation Act of 
1966, as amended

The vegetation issues, while not as technically 
complicated, raise their own sophisticated questions. 
Gathered at Cavallo Battery overlooking the adjacent 
Battery Yates, the charette group discussed the 
challenges of discovering the original plantings at the 
batteries; the role of native vegetation; differing 
landscape and camouflage plans in sequential eras; and 
the maturation of unintended vegetation on site (Plate 8).

At Batteries Cavallo and Yates, grass species, coyote 
bush, sage, and lupine dominate the current vegetation. 
The lupine, a low-growing plant, is now home to a 
protected species of butterfly. Here issues of 
contemporary habitat will need to be weighed against 
historical accuracy, and in fact a landscape plan for the 
batteries might suggest that the lupine stay as a 
reasonable historic planting. Characteristics such as low 
plant height, vegetation density, overall coloration, and 
untended vigorous growth are parallel with original plans 
for the site, and can perhaps be employed as landscape 
maintenance plan parameters to achieve the dynamics 
of sustaining needed habitat. Indeed, at other battery 
sites with the Golden Gate National Recreation Area, the 
Army deliberately planted lupine as the selected ground 
cover. At some installations, such as the grouping 
Sherwood, Slaughter, and Blaney observed in the late 
morning and Stotsenburg-McKinnon visited in the 
afternoon, cypress and eucalyptus trees—typically 
introduced to augment Presidio landscaping or to hide 
the installations—are damaging the concrete 
installations through their root growth, cracking both 
walls and foundations. And there, a sensitive regional 
plant species, San Francisco lessingia (

), is currently growing on the bermed 
earthworks.

lessingia 
germanorum

Concrete Design and Site Settlement

At Battery Marcus Miller, inspected next, charette 
participants discussed the spalling concrete, damage 
from the region’s earthquakes, rusted and fallen cables, 
removal of valued metals (here bronze hinges) by 
vandals, interior flooding, clay layered over floorings, 
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remnants of historic paint schemes and tinted surfaces, 
and scored flagging around the gun pits. Mr. Hansen and 
Mr. Craigo pointed out relatively subtle design details, 
such as chamfered corners and the use of an incised 
drip line. The range of aesthetic and structural details 
supported the need for a careful inventory site by site, 
with eyes toward identifying the character-defining 
features common across the San Francisco batteries 
and those occurring only rarely, or perhaps, unique. 
Review of available archival records will also help to 
ascertain how much cut and fill has taken place. Soil 
stability might be enhanced—and settlement 
minimized—through soil grouting, injecting concrete into 
the soil surrounding certain installations in order to tie 
battery foundations to the host land forms.

Observations

At the close of the charette, the group reconvened at the 
Presidio to draw together the thoughts of the participants. 
Given what we had seen firsthand, and with the 
specialized professional backgrounds brought to this 
type of historic resource, what did the group feel was 
generally applicable? What’s ahead for the Golden Gate 
National Recreation Area in the preservation of its coast 
defense fortifications? The group identified the themes of 
inventory; management; interpretation; maintenance; 
public involvement; realistic assessments; variable 
funding; and appropriate professional advice. 

To conclude the charette, and to open the chapters that 
follow, the group suggested that we most effectively 
preserve such specialized resources as coast defense 
fortifications when we understand them as fully as 
possible. To begin an inventory and track integrity of the 
historic resource, a checklist is suggested, given in 
Appendix C. The checklist is intended for use after 
becoming familiar with the broad character-defining 
features of the coast defenses within the Golden Gate 
National Recreation Area, presented in chapter 3. For 
maintenance, we begin by looking at causes of 
deterioration. Here the checklist achieves a second life 
as a tool for recording recurring problems, and for 
making annual workplans. Both inventory and 
maintenance site visits can additionally benefit from 
selected use of the simple plans, elevations, and 
sections provided through the reprinted Form 7s 
historically compiled by the Army (Appendix B). Even 
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before we begin our efforts, though, we can secure the 
sites, and restore minimal insurances of public safety. 
Simple assessments for replacement of handrails, 
clearance of inappropriate vegetation, and removal of 
debris can be a start. Straightforward actions, such as 
repainting wood and metal detailing where it is intact 
and in reasonably good condition, can slow down site 
degradation. And everyone agreed the an understanding 
of the cultural landscape, looking both seawards and 
toward the coast defenses, is essential for the resource 
we have here, one that is so completely integrated with 
the land.

Table 1

Coast Defense Fortifications

Preservation Needs and Goals at the Golden Gate 
National Recreation Area

Need
Goal

Identification of 
Historic Resources

Park 
Inventory

Establishing 
character-defining 
features for the 
batteries
Listing and 
mapping ancillary 
structures 
Determining the 
larger cultural 
landscape 

Use of National Park 
Service personnel
Volunteer teams
Specialized 
contributions in 
architectural/
landscape history

Management of 
Batteries and 

Ancillaries

Effective Long-Range 
Planning

Determination of 
sites for 
interpretation
Decisions across 
the resources for 
stabilization, 
preservation, 
rehabilitation, or 

Interdisciplinary 
meetings within 
National Park Service
Site reconnaissance
Management 
decisions and 
allocation of National 
Park Service resources
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restoration
Stewardship 
plans 

Appropriate 
Interpretation of 
Coast Defenses

Enhancement of Role in 
the Golden Gate National 

Recreation Area

Continued 
archival research
Communication 
with other 
managed coast 
defense 
fortifications / 
parks
Interim solutions 
for site security 
and stabilization

Attractive resource for 
visitors
Tourist destination
Integrated resource 
across National Park 
Service regionally and 
nationally

Maintenance Stabilization of All 
Resources

Monitoring and 
testing at selected 
sites
Selected 
treatments 
applicable at 
multiple sites
Vegetation 
management
Graffiti removal / 
treatment 
prioritized
Address issues of 
site drainage and 
settlement

Easily available, 
effective products
Practical treatments
Economies of scale 
through chosen 
methods
Involvement of varied 
personnel, including 
volunteers

Realistic 
Assessments

Development of the 
Golden Gate National 

Recreation Area

Maintenance 
manual specific to 
Golden Gate 
National 
Recreation Area
Variable funding 
projections
Variable 
personnel 

Maintenance manual 
broadly useful across 
National Park Service
Optimal use of limited 
monies and people
Sustainment of 
desirable parklands
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assigned to tasks
Achievement of 
public safety

Leveraging 
Professional Advice

Well Maintained 
Resources, Accurately 

Interpreted

Targeting 
specialty testing—
chemical, 
physical, and 
acoustical in type
Developing tiered 
approaches to 
problem solving 
and analysis
Consideration of 
large-format 
photography for 
selected 
recordation and 
for wider 
audience park 
publications and 
brochures

Protection of coast 
defenses
Balanced allocation of 
funding
Public advocacy for its 
historic resources, with 
sustained involvement

( )Return to top

Home | Table of Contents
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Chapter 2: Historical Context for the Seacoast Fortifications of San Francisco 
Bay

Plate 9. Foreground, from left to right, Batteries 
Boutelle (constructed 1898-1901), Marcus Miller 
(constructed 1891-1898), Cranston (constructed 
1897-1898), and Lancaster (constructed 1896-
1899), Fort Winfield Scott. Background, from left to 
right, Batteries Spencer (constructed 1893-1897), 
Duncan (constructed 1898-1899), and Cavallo 
(constructed 1872-1876), Fort Baker. Looking 
north, circa 1910. Courtesy of the Park Archives of 
the Golden Gate National Recreation Area. 

Plate 10. Battery Godfrey, Fort Winfield Scott, 
constructed 1892-1896. First 12-inch gun platform 
constructed in the United States, with the first 12-
inch breech-loading rifle for the West Coast 
mounted in 1895. View of circa 1915. Courtesy of 
the Park Archives of the Golden Gate National 
Recreation Area. 
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The subject of seacoast fortifications of the United 
States has been a remarkably consistent and 
powerful component of the nation's military policy 
throughout nearly its entire history. Indeed the 
American interest in the subject "was to grow 
virtually into an obsession," according to a 
leading military historian. (1) The enduring 
emphasis on seacoast fortifications is based in 
part on geography and in part on fundamental 
political convictions about America's place in the 
world and the nature of our government. 
Throughout American history, investment in 
generations of coast defense weapon systems 
has reflected a faith in technological solutions to 
problems, a consensus that it is better to spend 
resources and wealth than sacrifice American 
lives, and a practical solution to the challenge of 
national defense that did not require a large 
standing army and could not be diverted for use 
as an instrument of internal suppression. A noted 
military officer recognized before the Civil War 
that:

When once constructed they require 
but little for their support. In time of 
peace they withdraw no valuable 
citizen from the useful occupations of 
life. Of themselves they can never 
exert an influence dangerous to public 
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liberty, but as the means of preserving 
peace, and as obstacles to an 
invader, their influence and power are 
immense. (2)

The influential Board of Engineers for 
Fortifications put it thus in the nation’s first 
strategic deterrent analysis prepared by 
American-developed, not foreign-sponsored, 
military thinkers after the War of 1812:

The means of defense for the 
seaboard of the United States, 
constituting a system, may be classed 
as follows: First, a navy; second, 
fortifications; third, interior 
communications by land and water; 
fourth, a regular army and well-
organized militia.

The navy must be provided with 
suitable establishments for 
construction and repair, stations, 
harbors of rendezvous, and ports of 
refuge, all secured by fortifications, 
defended by regular troops and militia, 
and supplied with men and materials 
by the lines of intercommunication 
Being the only species of offensive 
force compatible with our political 
institutions, it will then be prepared to 
act the great part which its early 
achievements have promised, and to 
which its high destiny will lead. (3)

Beginning with the Board of Engineers for 
Fortifications in 1816 and continuing until the 
elimination of the Coast Artillery Corps in 1950, a 
series of high-level boards has examined the 
nature of the nation's defense strategy, providing 
national policy and systematic defense programs 
which resulted in a nationally-significant 
fortification networks, which reflects the constant 
evolution of military technology and strategic 
circumstances. The Board of Engineers quoted 
above would have found much it could recognize 
in the basic strategic principles of the nation's 
Cold War defensive systems: navy carrier groups; 
Nike missiles and the Strategic Defense Initiative; 
the interstate highway system for interior 
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communications; and the constant low-level state 
of mobilization of a professional army and a 
National Guard and peace-time draft. 

The more purely strategic, as opposed to political, 
considerations upon which this nation’s defense 
policy is based have remained relatively stable 
due to the nature of geography. This has long 
been a seafaring nation and our greatest potential 
enemies have generally been located overseas. 

Throughout most of its history, the 
United States, separated from the 
other powerful nations of the world by 
large bodies of water, relied on coast 
defense to deter enemy invasion. This 
defensive measure depended on 
fortifications but also included 
submarine mines, nets, and booms; 
ships; and airplanes. Thus, all of the 
country's armed forces participated in 
coast defense, but the U.S. Army 
Corps of Engineers played a central 
role. (4)

Consequently the United States was free to 
choose an isolationist policy as long as coast 
defense, coordinated with command of the seas, 
and more recently the skies, allowed us to 
effectively defend our shores. Classic coastal 
fortifications have been obsolete since World War 
II, but the nation's role as a world power has been 
backed up by continental defenses based on 
many of the same basic principles. This military 
policy has been informed by political, strategic 
and technical factors which have evolved through 
time yet also retain a remarkable degree of 
consistency. Indeed, few principles have been as 
long-lasting as the dominance of naval ships by 
land-based fortifications. The key role coastline 
and hemispheric defense strategy has played in 
that policy, is reflected today in the successive 
generations of coast defense fortifications that 
have evolved and that survive as a tangible 
manifestation of our historic conceptions of 
military preparedness. 

The Significance of the Seacoast 
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Fortifications of San Francisco Bay

In an early study of fortifications entitled 

, noted 
military historian E.R. Lewis said that "the 
batteries to be described should be understood to 
constitute an excellent sample not only of the Bay 
Area defensive system as a whole, but of the 
entire scope of American fortifications during this 
era. While similar works were located in varying 
numbers on the Presidio, and Forts Mason, 
McDowell and Miley, Forts Baker and Barry 
represented, by 1905, one of the two or three best 
collections of modern coast defense batteries to 
be found on any single military tract in the United 
States."

A History 
of San Francisco Harbor Defense Installations: 
Forts Baker, Barry, Cronkhite, and Funston

(5) The subsequent, broader historic 
resource study by historian Erwin N. Thompson 
entitled

, 
expands this concept to all of the San Francisco 
Bay seacoast defenses. They are nationally 
significant as an entire system: one which 
contains many individual elements which are 
themselves nationally significant

Seacoast Fortifications: San Francisco 
Harbor, Golden Gate National Recreation Area

(6). Their only 
possible rival as an extensive outdoor military 
museum are those which protect New York 
harbor, but those around San Francisco faced a 
different ocean replete with threats from different 
potential enemies, often at different times from 
those faced by the New York harbor defenses. In 
other words, the entire historic context was 
different on the Pacific shores (Plate 9).

The significance of the seacoast fortifications of 
San Francisco Bay structures as a group is of the 
highest order. Therefore, the seacoast 
fortifications of San Francisco Bay, as described 
chronologically in the following historical context, 
are believed to possess exceptional value in 
illustrating the heritage of the United States: 
because of their association with events that have 
made a significant contribution to, are identified 
with, and outstandingly represent, broad national 
patterns of United States history; because of their 
important associations with lives of persons 
nationally significant in the history of the United 
States; because they embody the distinguishing 
characteristics of military fortification architecture 
and engineering that are exceptionally valuable 
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for the study of an extraordinary range of periods, 
styles, and methods of construction, even when 
some individual components may lack distinction; 
because they collectively compose an entity of 
exceptional historical signif icance and 
outstandingly illustrate military culture and 
technique; and because areas within the 
fortification system are likely to yield information 
that sheds light upon the military period of 
occupation of these lands.

The Spanish Colonial and Mexican Era, 1794-
1846

The earliest permanent seacoast defense works 
in the country are associated with the colonial 
empires in North America. All the major colonial 
and seafaring powers provided some protection 
to the most important ports with varying degrees 
of success and permanence. The 

 was begun in the Spanish colony of 
Florida in 1672 and Castle William in Boston 
around 1700. Scattered, less permanent, 
batteries guarded anchorages from British Rhode 
Island to Spanish Alta California.

Castillo de San 
Marcos

Compared with its ascendancy under the name of 
San Francisco in the arena of world commerce 
and trade, the outpost of Yerba Buena, on San 
Francisco Bay, was a relatively unimportant 
settlement. Yet within the context of Spanish 
colonial and Mexican heritage in the United 
States the fortifications of San Francisco Bay 
were significant because they protected the claim 
of the Spanish crown to the northernmost 
permanent outpost of its empire on the shores of 
the Pacific Ocean. It was during this era that the 
potential of the vast harbor of St. Francis was first 
recognized, and its fortification first begun.

The establishment of a military frontier outpost to 
physically assert Spanish hegemony over San 
Francisco Bay dates to the fall of 1776. However, 
this outpost, or presidio, was a protected garrison 
that can in no way be regarded as a seacoast 
fortification. In light of diplomatic agreements 
reached at the Nookta Convention of 1790, 
British and Russian influence in the Pacific basin 
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was reluctantly conceded by the Spaniards. Two 
years later, the British naval officer George 
Vancouver visited the Presidio of San Francisco, 
and apprised his government of the total lack of 
defenses there. In response to this visit, Governor 
Jose Arrillaga ordered fortifications begun to 
protect the strategic harbor.

As a result, works were begun in 1793 on a land 
battery to protect the Bay of San Francisco at its 
narrow entrance. Located on 

, or the point of the white bluff overlooking 
the two-mile wide channel from the south, a brick-
faced adobe lozenge with 15 embrasures 
surrounding a wooden esplanade, was 
completed in December of 1794 and christened 
the . (The site is identical 
to that of the present fort at Fort Point.) The 
castillo was only intermittently manned by 
soldiers from the nearby Presidio, and in spite of 
subsequent reconstruction attempts (in the shape 
of a horseshoe), quickly fell victim to rain, a 
shifting sand substrate, and lack of adequate 
upkeep. Because of the construction of the fort at 
Fort Point at the site, nothing remains of castillo 
today. However, six bronze cannon, once a part 
of its armament, still remain in various locations 
about the Presidio of San Francisco and Fort 
Point National Historic Site. Another cannon from 
the castillo now resides at the U.S. Naval 
Academy at Annapolis, where it was brought by 
Commander Jonathan B. Montgomery along with 
other trophy guns from California after the 
Mexican War. Some already more than 160 years 
old when delivered to the Presidio by the Spanish
frigate in 1794, these cannon, cast in 
Peru between 1628 and 1693, are among the 
oldest dated artillery pieces in the United States. 

La Punta de Cantil 
Blanco

Castillo de San Joaquin

Aranzazu

Not long after the establishment of the castillo
at , Spain's relations 
further soured with Britain, and Spain and Britain 
went to war in 1797. When it finally reached this 
remote border settlement, the news galvanized 
Governor Diego de Borica to order an additional 
battery built two miles to the east of the castillo, 
well inside the bay at a point where a convenient 
anchorage sheltered the installation under the lee 
of a commanding bluff (at the site of present-day 
Fort Mason). Called 

La Punta de la Cantil Blanco

La Batteria Yerba Buena
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after the name of the cove, or 
, this work was even more of an emergency 

structure than was the castillo. These earthworks 
were built with eight embrasures, although only 
five iron eight-pounders are thought to have been 
placed at the site. An account written in 1822, 
about the time Alta (or upper) California passed 
quietly to Mexican authority, recalled only one 
rusty cannon at the derelict battery. By 1846 the 
site was entirely abandoned. No traces of this 
work are known to exist today.

La Batteria San 
Jose

During the period of Mexican rule, increasing 
seaborne trade in hide and tallow, and an 
expanding influx of Anglo-American settlers 
resulted in the territorial ambitions of the young 
United States becoming focused upon California. 
By the mid 1840s unrest, intrigue, invasion, and 
annexation became the lot of Alta California. 
Lieutenant John C. Fremont, U.S. Army Corps of 
Topographical Engineers; mountain man 
Christopher "Kit" Carson; and others, allied 
themselves to the group of rebels known as the 
Bear Flag party, and journeyed from Sonoma 
Barracks towards Yerba Buena, skirmishing on 
the way. They crossed the harbor entrance (soon 
to be christened by Fremont himself the Golden 
Gate) in a small craft to the site of the old castillo 
at Fort Point. There, they spiked the cannon lying 
derelict in the ruined work, to prevent their future 
use. The remains of one of these historic spikes 
can still be found in the touchhole of the western 
cannon, named , now 
flanking the flagstaff at the main parade ground of 
the Presidio of San Francisco.

La Birgen de Barbaneda

The transition of seacoast defense weaponry 
from the Spanish-Mexican era to the United 
States may be symbolized by the arrival in San 
Francisco Bay of the U.S. frigate , 
under the command Commander Montgomery. 
Her crew landed at the Yerba Buena shoreline, 
proceeded to the plaza, and raised the American 
flag on 9 July 1846. Marching overland from the 
settlement, Montgomery's sailors and Marines, 
went to the site of the Bear Flagger's adventure, 
and there retrieved five of the six bronze cannon. 
They were put to use at Clark's Point, in a 
temporary battery built to overlook the north part 
of Yerba Buena Cove, the shallow bay at the foot 

Portsmouth
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of the town (not to be confused with the Yerba 
Buena anchorage, near Fort Mason further to the 
west, soon to be known by the Americans as 
Black Point Cove). No traces of the Clark's Point 
battery are believed to exist, the cliffs having 
been cut back to allow development at the foot of 
San Francisco's Telegraph Hill.

Third System Fortifications, 1850-1861

The United States had only an uncoordinated 
collection of local fortifications and no permanent 
system of seacoast fortifications until Congress 
made the first appropriations for the purpose in 
1794, in reaction to the increased threat of war 
with European powers. The fortifications which 
followed are collectively referred to as the first 
system of American seacoast fortification, and 
were constructed in relatively small numbers at 
sixteen commanding locations guarding the ports, 
naval shore establishments, and harbor 
entrances along the eastern seaboard. Although 
a few substantial works were constructed 
incorporating stone, such as Fort McHenry at 
Baltimore and Fort Mifflin near Philadelphia, 
fortifications consisted largely of barbette gun 
batteries emplaced for protection behind open 
works with walls of earth, wood and stone. When 
the threat of war with France receded, the 
defensive works began to fall into neglect and 
disrepair in the absence of ongoing garrison and 
maintenance.

History repeated itself in 1807 when the 
Congress again appropriated funds for the 
upgrading of seacoast fortifications in the wake of 
impressment of American seamen and the threat 
of war with Britain. This, second system of 
seacoast fortification, was most notably 
characterized by the construction of all-masonry 
forts mounting guns in multiple tiers of 
casemates, allowing high concentrations of fire. 
These brick and stone forts were supplemented 
by an array of barbette batteries at other locations 
along the eastern seaboard and Gulf Coast. Their 
development marks the first major manifestation 
of a strictly American capability for military 
engineering that followed from the recent 
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establishment of the Military Academy at West 
Point. The national defense was sorely tested 
and found wanting during the War of 1812 as 
British seapower was able to land substantial 
invasion forces of regular troops in undefended 
localities in spite of generally effective resistance 
from fixed defenses. Indeed, the stand of Fort 
McHenry inspired Frances Scott Key to write

, but British regulars were 
still able to conquer and burn the nation's capital 
in 1814.

The 
Star Spangled Banner

A thoughtful reassessment of the fundamentals of 
the nation's defense policy unfolded in the 
relatively peaceful climate of the years that 
followed the War of 1812. Fixed coast 
fortifications more than held their own against 
direct challenge, yet they were successfully 
outflanked by landings supported by the 
dominant seapower of the Royal Navy. Once 
established ashore, the American field armies 
had mixed success in coping enemy land forces 
in battle. Although isolated successes of U.S. 
warships on the high seas won renown, the role 
of the U.S. Navy remained tied to the defense of 
coastal waters for most of the century. 

In 1816, the Board on Fortifications was 
established under the leadership of a French 
fortification expert of the Napoleonic Wars, Simon 
Bernard, to advise on defense policy and 
recommend modern projects in the light of recent 
wartime lessons. Sometimes called the Bernard 
Board, the establishment of this body of officers 
marks the nation's first permanent institution 
devoted to codifying a strategic doctrine and 
building the infrastructure of a unified defense 
network.

The system of fortifications that evolved from the 
work of the Board of Engineers in the period from 
1816 to 1860 was the most comprehensive, most 
uniform, and most advanced the nation had yet 
had. The third system rationally assigned 
priorities for a work program to fortify numerous 
strategic sites. This program is best represented 
by large brick or stone forts with multiple tiers of 
gun batteries, in some cases three and four tiers 
high, built on promontories and on islands at 
choke points to important harbor entrances. 
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It was among the principal forts of the 
Third System, however, that some of 
the most spectacular harbor defense 
structures to come out of any era of 
military architecture were to be found. 
Included by virtue of their role in the 
Civil War were certainly some of the 
most famous—Sumter, Pulaski, 
Monroe, Pickens, Morgan and 
Jackson. From the technical 
standpoint, this large group of 
massive, vertical-walled forts 
represented the general embodiment 
and the fullest development of 
features which had previously 
appeared in only a few and isolated 
instances, i.e., structural durability, a 
high concentration of armament, and 
enormous overall firepower. (7)

The forts were armed by specialized seacoast 
artillery of relatively standardized type: it was the 
beginning of standardized armament systems for 
U.S. coast defense artillery. They incorporated 
defensive innovations, such as improved firing 
embrasures which allowed a great deal of lateral 
traverse from a smaller, iron-shuttered opening. 
The sites protected the nation's most vital naval 
bases, commercial ports and strategic 
anchorages. When these installations were 
completed the United States had a true system of 
coast defense for the first time: it encompassed all 
three coasts, and it was second to none in the 
world. Of the more than thirty forts of the third 
system, begun after 1816, nearly all remain 
extant, and although a number have been 
partially altered by the superimposition of later 
works, the majority in their original form constitute 
the oldest surviving body of major military 
structures in the United States. (8)

In March of 1847, U.S. troops occupied the 
Presidio, based on the temporary ruling of military 
authorities that the government of the United 
States assumed the title of all public lands 
formerly reserved by Mexico—a ruling that 
encompassed islands in the bay such as Angel, 
Alcatraz, and Yerba Buena, as well as the former 
Spanish Presidio. The military governor, Colonel 
Richard B. Mason, further defined the reserved 
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lands with respect to the boundaries of the 
Presidio and an area around Point San Jose 
(now Fort Mason). President Millard Fillmore 
substantially approved Mason's decisions on 6 
November 1850, and added areas at Benicia, 
Mare Island, and a reservation "from the southern 
boundary of Sau Salito Bay, a line parallel to the 
channel of entrance to the Pacific" which became 
the Lime Point Military Reservation. A further 
presidential order, on 31 December 1851, refined 
the boundaries of the Presidio of San Francisco, 
and established the boundary of the reserve at 
Point San Jose as an arc 800 yards from its 
extreme point. With these strokes, the land that 
encompasses the bulk of today's historic 
fortifications was acquired. And by this time, the 
discovery of gold in California gave dramatic new 
urgency to plans to fortify portions of these 
reserves. 

A Joint Commission for the Defense of the Pacific 
Coast was established in 1849, and visited the 
area that same year. Although beset by difficulties 
in securing reliable manpower and adequate 
material support, typical of those experienced by 
many in gold rush California, the Commission 
eventually completed a survey of the San 
Francisco Bay Area in 1850 which recommended 
that it be protected in a manner fitting the most 
important region on the Pacific Coast.

Among the Joint Commission's specific 
conclusions were the necessity of "strong works 
near Fort point on the south side of the channel 
and also on the north side of the channel nearly 
opposite to Fort point...batteries at point [San] 
Jose and on Alcatrazos Island would cooperate 
with the exterior works and altho' as auxiliaries 
they may be regarded as of secondary 
importance, the value of the latter is far greater 
than that of the former and nearly equal to that of 
the works at Fort point and opposite to it. A 
temporary battery on Angel island opposite 
Alcatrazos would cooperate with the latter..." (9)

The tactical rationale behind this proposal 
(commonly referred to as the Plan of 1850) was to 
guard choke points with batteries close to water 
level in order to bring grazing fire from opposite 
flanks to bear simultaneously on vessels 
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attempting to run past. Such fire was particularly 
effective for two reasons. First, vessels could not 
hug the far shore of a channel in order to increase 
their distance from the defenses without bringing 
themselves nearer to fire from the opposite 
direction. Second, grazing fire was more accurate 
because flat trajectory fire, skipping along the 
water surface, had only to be accurate in 
deflection and not in range. Since attacking 
vessels obviously benefited by exposing 
themselves to fire as briefly as possible, local 
conditions encouraged a full speed dash with 
both the strong incoming tide and the prevailing 
northwest winds combining to boost effective 
speed past the defenses. The proposed works on 
Alcatraz neutralized such a maneuver, since such 
vessels would unavoidably head straight at 
Alcatraz and present a steadily approaching 
target hardly moving in deflection. The works on 
Point San Jose and on Angel Island would 
similarly provide the benefits of cross fire at the 
locations where channels lead toward the San 
Francisco waterfront and towards the Benicia 
Arsenal and Mare Island.

The placement of this first generation of 
fortifications at San Francisco Bay reflected the 
limited range (about two miles) and accuracy of 
the ordnance of the time, which necessitated the 
close-in defense of key points from within the bay 
itself and at its immediate entrance. It was 
prophetically noted by the Joint Commission that 
these works could be expected to cost four times 
as much as similar works built on the Gulf and 
Atlantic coasts, closer to developed sources of 
material and labor and not subject to the 
artificially high prices of gold rush California.

In 1851 the War Department established a Board 
of Engineers for the Pacific Coast. This Board, 
which included such notable soldiers as J.K.F. 
Mansfield and Henry Wager Halleck, elaborated 
on the Joint Commission's proposals, and 
recommended casemates for the pair of works at 
the Golden Gate, and barbette batteries on 
Alcatraz Island. Mansfield emphasized that a 
state-of-the-art fort at Fort Point was "the key to 
the entire Pacific Coast in a military point of view."
(10) Congress first appropriated funds for the 
construction of seacoast defenses at San 
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Francisco Bay for fiscal year 1854, in the amount 
of $500,000. Work began promptly, supervised at 
the various sites by several junior officers who 
went on to distinguished military careers, such as 
John B. McPherson, G.W.P.C. Lee, Rene de 
Russy, and Zealous B. Tower.

At Fort Point, in order to begin the leveling
of the , Tower reported 
in late 1853 that "an old Spanish redan of brick 
which crowned the promontory has been 
removed." At Alcatraz, the bluffs were blasted 
to a perpendicular face twenty-five feet high all 
around the island, and a beginning made on the 
barbette "North" and "South" batteries. Since 
these construction projects commenced while 
U.S. commerce and trade on the West Coast was 
in its formative stages, the difficulties the Board of 
Engineers had foreseen became immediately 
apparent. Isolation and uneven development of 
markets led to immense difficulties in 
procurement of materials, especially granite and 
brick. In any event, most of the brick for the 
projects was made on site at Fort Point, granite 
came from as near as Point Reyes and as far 
away as China, while sandstone used at Alcatraz' 
South Battery scarp was quarried on Angel 
Island. 

Punta de la Cantil Blanco

(11)

In 1855, appropriations were increased due to the 
threat of war with Spain over Cuba. The barbette 
works on Alcatraz, being less complex and time-
consuming to build than the casemated batteries 
at Fort Point, were given priority. The 8-inch and 
10-inch columbiads at South Battery became the 
United States' first permanently mounted guns on 
the Pacific Coast. Continued construction on 
Alcatraz throughout the decade resulted in 1860 
in a fortress "completed in a very perfect manner, 
to the extent of 75 guns of the heaviest caliber" 
ringing the island in all directions, mounted in 
barbette batteries, with a stout brick "defensive 
barracks" overlooking the island from the hill at its 
center. (12) Thus, all of Alcatraz Island became a 
fortification, and all of the works upon it took 
advantage of the island's hilly topography for 
tactical advantage. The few contemporary 
similarly fortified islands, such as Fort Sumter, 
Fort Warren, Fort Carroll and Fort Jefferson are 
entirely flat. They are basically merely 
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foundations for a structure, where the topography 
of the island is not an integral part of the 
fortification and defensive fire plan, as it is on 
Alcatraz. (13)

Meanwhile, at Fort Point, construction continued 
at a slower pace because of the cost and 
complexity of building multi-storied tiers of arched 
brick casemates at a site exposed to the force of 
the open Pacific Ocean. By 1860, the fort had 
been raised to the barbette (top) tier, and had 
been made ready to mount ninety guns. Today, 
Fort Point is an excellently preserved example of 
a classic multi-tiered, casemated fort, belonging 
to the third system of American seacoast 
fortifications. It is the only such structure on the 
west coast of North America.

Both Alcatraz Island and Fort Point individually 
merit the status of national significance. And the 
contrast between the two nearby fortresses 
enhances their individual significance, since 
together they clearly demonstrate the culmination 
of ante-bellum military engineering in the United 
States. Alcatraz has already been recognized as 
a National Historic Landmark, while Fort Point is 
presently a National Historic Site.

After an inspection trip to the West Coast brought 
about by the Pig War filibustering of 1859 in the 
San Juan Islands of Washington Territory, Chief 
Engineer Joseph G. Totten stated of the seacoast 
fortifications of San Francisco Bay that "They will 
compare favorably with any batteries in the
world." y the last day of 1859, Alcatraz had 
received its permanent garrison; a year later it 
mounted seventy-five guns. Fort Point was by 
then ready for as many as ninety guns to be 
mounted. However no action had been taken on 
the inner line of defenses at Angel Island and 
Point San Jose. A crucial omission to the Plan of 
1850 was the failure of the government to acquire 
clear title to the lands north of the Golden Gate 
around Lime Point. Federal courts upheld the title 
of early settler William Richardson to that land, 
and its transfer to subsequent owner William 
Throckmorton, a notorious land speculator. 
Throckmorton’s asking price was considered 
exorbitant. The entire Plan of 1850 was 
jeopardized by this failure, since "The 

(14) B
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effectiveness of Fort Point without the 
complimentary works across the channel was far 
less than even half of what it should have been 
with the realization of the full plan." (15) As events 
elsewhere swept the nation towards civil war, the 
seacoast defenses of San Francisco Bay stood 
only partially complete.

Civil War and Post-Civil War, 1861-1884

The outbreak of the Civil War and rapid 
technological advances of the industrial 
revolution put the third system fortifications to 
severe test. Their strategic locations placed them 
in the forefront of numerous crucial battles of the 
next four years, from the first guns at Fort Sumter, 
to the siege of Fort Pulaski, the running of the 
guns at New Orleans and Mobile Bay, and the 
stand at Fort Fisher. Steam propulsion, ironclad 
warships, and rifled cannon combined to
spell  to the predominance of thick masonry 
walls and expensive permanent fortifications in 
lieu of more flexible, repairable and cheaper 
earthworks, which, paradoxically, better absorbed 
the shock of repeated hammering from large-
caliber smoothbore and rifled siege artillery.

finis

As the Civil War commenced in the east with the 
bombardment of Fort Sumter, a third-system fort 
very similar to Fort Point, Lieutenant McPherson 
was ordered in June of 1861 to prepare a plan for 
defending the California coast from San 
Francisco as far south as Monterey. Within this 
historic context, it is of interest to note that Baker 
Beach in the Presidio of San Francisco was 
considered to be a "hazardous" but nonetheless 
possible landing spot for a hostile force. 
However, the basic strategy developed for the 
defense of San Francisco centered around a plan 
to contest a hostile ground force by holding a line 
with infantry and field artillery across the San 
Francisco peninsula south of the city, between 
Lake Merced (to be developed in the future as 
Fort Funston) and San Bruno Mountain. Three 
generations later, in early World War II, the basic 
approach to holding the area against potential 
Japanese landings had not changed.
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With civil war a reality, budgetary purse-strings 
were loosened, resulting in increased armament 
on Alcatraz and the mounting of fifty-nine of the 
eighty-five cannon on hand at Fort Point by 
October 1861. These measures were taken as a 
reaction to Britain's augmenting the strength of 
their squadron at Vancouver Island and the fear 
of a British move to seize California while the 
United States was preoccupied with war in the 
east, rather than out of immediate fear of any 
Confederate naval action. George W. Wright, 
commanding general of the Department of the 
Pacific wrote in January 1862, "In case of a war 
with a maritime nation, the immediate attention of 
the enemy would most certainly be directed to 
this city, the great entrepot of our possessions on 
the Pacific coast," and in March that, "[a]lthough 
there are several points on the Pacific Coast that 
are exposed to capture by a hostile fleet, yet, in 
case of a war, San Francisco would first attract 
the enemy's attention. The loss of San Francisco 
and harbor involves also the loss of our navy-yard 
and our military arsenal at Benicia, in fact, it 
destroys for the time all our commerce on the 
Pacific. Hence this place should be made 
impregnable." (16)

In February 1863, the U.S. gunboat 
arrived to aid in protecting the harbor. Throughout 
the Civil War, the major elements of two regular 
army regiments, the 9th Infantry and the 3rd 
Artillery, were stationed at San Francisco, yet 
another measure of the strategic importance 
attached to the area.

Cyane

The inner line of batteries proposed in the Plan of 
1850 now began to take form, although as 
temporary wartime structures, rather than as 
permanent fortifications. On Angel Island, 
temporary batteries of wood and earth were 
constructed at Points Stewart, Knox, and Blunt, 
and cannon mounted at the first two sites in 1864. 
At Point San Jose, the temporary structure 
completed that same year was of a more 
substantial nature, with a breast-high wall of 
brick, mounting six 10-inch Rodmans and six 42-
pounder banded James rifles. On Angel Island, 
only sites presently remain where temporary 
batteries once stood. However at Point San Jose, 
now known as Fort Mason, excavation in the 
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early 1980s uncovered the well-preserved 
remains of the western half of the temporary 
battery, which has now been restored to its Civil 
War appearance. This northernmost point of Fort 
Mason is significant as a site fortified since 1797 
with four generations of coast defenses that 
remained active into the twentieth century.

In July 1864, Major General Irvin McDowell 
arrived in San Francisco to assume command of 
the Department of the Pacific. Although 
outclassed by the Confederacy's best generals 
on eastern battlefields, McDowell was 
nonetheless a professional and a veteran, and 
his tenure in command brought a new 
seriousness to California's role in the war. 
McDowell's arrival coincided with an increased 
awareness of the technical changes that wartime 
experience mandated, the gradually improving 
strategic situation east of the Mississippi, 
increasing domination of Mexico by France, 
accelerating British development of western 
Canada, and the perceived threat of Confederate 
c o m m e r c e  r a i d e r s  ( s u c h  as
the C.S.S. , which had actually 
approached San Francisco as the war came to an 
end). These factors combined to cause a flurry of 
improvements in 1864-1865 to the harbor's 
defenses that included the mounting of the first 
15-inch Rodmans on the West Coast at Alcatraz, 
a start on a bombproof casemate barracks there, 
and the burying of the brick scarp walls of the 
island's Batteries McClellan and Tower behind 
banks of earth.

Shenandoah

With the end of the Civil War there came a time to 
assimilate the lessons learned on the battlefield 
and to apply them to future construction of 
fortifications. As formalized in 1869 by the Board 
of Engineers for Fortifications, the essence of 
those lessons was that only large rifles and 15-
inch Rodman smoothbores were effective against 
armored vessels, that masonry works were 
vulnerable to such weaponry, and that earthwork 
barbette batteries were not only the most resistant 
to such fire but also the most cost-effective to 
build. In consequence, major changes to the 
seacoast defenses of San Francisco Bay were 
implemented in the period immediately following 
the Civil War, under the scheme known as the 
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Plan of 1870. This plan reflected the new reality 
in seacoast fortification engineering, described 
thus by E.R. Lewis: 

The harbor defense construction 
begun after the Civil War marked the 
beginning of an entirely new trend in 
the positioning of seacoast 
fortifications. In contrast to the high 
concentrations of armament sought by 
designers of Third System forts, the 
new works were planned to be 
dispersed at the most tactically 
favorable locations permitted by 
terrain and the extent of the available 
land. In some areas new tracts were 
acquired for battery sites, and in 
certain instances these acquisitions 
had profound long-term effects upon 
regional land use. A particularly clear 
example is to be found in the San 
Francisco area..." (17)

All around Alcatraz Island, the sandstone or brick 
scarp walls of barbette batteries disappeared 
behind earth fill. Remodeling on the island soon 
turned into full-scale rebuilding, incorporating 
wider spacing between weapons, concrete earth-
covered traverses separating each pair of 
cannon, thickened parapets, a lowering of the 
silhouettes of the caponiers, and a wider use of 
covered magazines in the counter-scarp walls of 
the batteries. To supplement the seventy-six 
mounted and eighty-nine unmounted pieces at 
the now technically obsolete third-system fort at 
Fort Point, permanent barbette batteries of earth 
and brick were begun on the open bluffs of the 
Presidio. They were named East Battery and 
West Battery for their position relative to the old 
third system fort.

In a development of major importance (both for 
the San Francisco fortification system and for the 
future of regional land use), the Lime Point 
Military Reservation was finally acquired in 1866, 
by a purchase that included all of the Marin 
Headlands from Point Cavallo, south of 
Sausalito, west to land's end at Point Bonita. At 
Lime Point itself, directly across the Golden Gate 
from Fort Point, the largest-yet, non-combat, 
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blasting operation in the United States began, in 
an attempt to initiate construction for the long-
awaited casemate and barbette fort  
complimenting Fort Point. Between 1868 and 
1869, under the supervision of Major George 
Mendell, up to 24,000 pounds of gunpowder at a 
time were exploded in an effort to blast out a level 
site at the base of the 300-foot cliff. (18) This rubble 
still exists, in part, under the northern approaches 
to the Golden Gate Bridge.

Although the location offered considerable 
tactical advantages, Lime Point was an 
extraordinarily difficult site for large-scale 
construction. Indeed, the proposed works were 
designed but never begun—and would have 
been astronomically expensive to build. As early 
as 1869, the New York Board of Fortifications 
(reviewing the recommendations of the Pacific 
Board) recognized the practical difficulties of the 
Lime Point site by declaring that simple, detached 
barbette batteries be built in supporting positions 
nearby. Thus the post-Civil War fortifications in 
the Lime Point area finally evolved into a water-
level battery called Gravelly Beach Battery (at 
today's Kirby Cove) to provide grazing ricochet 
fire, and two barbette batteries known as Ridge 
and Cliff Batteries, which were situated high on 
the bluffs above to avoid exposure yet retain a 
wide field of fire. The Gravelly Beach Battery 
boasted the only 15-inch Rodman mounted north 
of the Golden Gate until 1893, when four 15-inch 
Rodmans salvaged from West Battery at the 
Presidio were remounted in Ridge Battery. (19)

Ridge and neighboring Cliff Batteries, at an 
elevation of more than 400 feet above sea level, 
were the highest such structures yet built in the 
United States.   (20)

The plan for casemated works at Lime Point was 
ultimately abandoned in favor of a large water 
battery of exceptionally handsome design at 
Point Cavallo, just to the east and across 
Horseshoe Cove. This work consisted of 
earthwork barbettes shaped as rough triangles, 
bisected by a long traverse containing magazines 
and bombproofs. In each half of the work were the 
emplacements for the now-typical pairs of 15-inch 
Rodmans, also separated by brick and concrete 
earth-covered traverses and magazines. (Three 
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20-inch Rodmans were proposed for the site, but 
never mounted; indeed, the three 8-inch 
converted rifles finally mounted at Cavallo Battery 
in 1900 were the only cannon ever emplaced 
there.) Cavallo Battery is the finest example of the 
style of earthwork fortifications representative of 
this era in the United States. Its builder was so 
proud of this completely enclosed earthwork that 
he even sought permission to build a sally port 
into it, which was, however, disapproved by his 
superiors as an extravagance.

The construction of this cluster of fortifications 
north of the Golden Gate soon led to the 
establishment of a new post at Horseshoe Cove, 
which evolved into today's handsome and well-
preserved Fort Baker. These Lime Point 
fortifications typified in microcosm the drastic 
changes in seacoast fortifications over the 
preceding decade. "Never again would forts be 
built in the storybook style as single structures 
housing large numbers of cannon. From this time 
on, a fort was a piece of real estate occupied by a 
number of dispersed individual batteries."  (21)

The only exception of any consequence to the 
general state of neglect of seacoast defense 
between 1875 and 1890 was the continued 
development of submarine mine warfare. The 
great successes the Confederates had with such 
devices during the Civil War seemed to indicate 
that here was an effective defensive weapon that 
was relatively inexpensive and easy to emplace 
as compared with building permanent 
fortifications. Mines first arrived in San Francisco 
in 1884 and were stored in an unused casemate-
style powder magazine in the 1866 defensive 
barracks on Alcatraz. These electrically-fired 
mines (or torpedoes, as they were called at the 
time) were intended to be sited in the inner harbor 
"in front of" and "in the rear of" the island. 

In 1889 an appropriation was made for 
"Torpedoes for Harbor Defense" which allocated 
funds for a permanent torpedo storehouse of 
concrete, and for two mine casemates for the 
control and detonation of the mines. In 1890, as a 
result of that allocation, the casemate on Alcatraz 
was remodeled into a mine casemate (from which 
the mines would be electrically detonated), a 
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storehouse was built on Yerba Buena Island, and 
Fort Mason became the site of the first 
purposefully-built mine casemate in the San 
Francisco Bay defenses. In 1891, a mine 
casemate was added at the foot of Mortar Hill on 
Angel Island. Additional casemates were 
constructed on Yellow Bluff to the north of 
Cavallo Battery in 1895 and at Quarry Point on 
Angel Island in 1897. 

The harbor's mines were first planted and 
activated in 1898, upon the outbreak of the 
Spanish-American War. San Francisco was the 
major concentration area for the U.S. 
expeditionary force to the Philippines, and the 
only harbor on the west coast of the United States 
that was protected by minefields during the war. 
By that time only the Fort Mason and Point 
Cavallo casemates were used for control of the 
minefields, which were located to the northeast 
and southwest of Alcatraz, and contained a total 
of sixty-three mines. At the present, the Yerba 
Buena torpedo storehouse, and mine casemates 
at Alcatraz, Fort Mason, Yellow Bluff, and Mortar 
Hill on Angel Island still stand, representing the 
first use of submarine mine warfare on the Pacific 
Coast.

After 1875, with the exception of underwater mine 
warfare, modernization came to an abrupt halt 
due to a number of crucial political and technical 
considerations. As the initial exuberance at the 
end of the Civil War turned to a sober realization 
of the war's great cost, the country's political 
climate changed more and more to one of 
isolationism. As the Indian wars raged, the Army's 
energies became centered on its role as a frontier 
constabulary, rather than as a force to be pitted 
against other modern military establishments. 
Technical developments in the field of artillery 
began to proceed at such a rapid pace that the 
building of fortifications could not, or could not 
afford to, keep up. Briefly summarized, these 
technical developments consisted of: improved 
casting techniques which presaged the 
manufacture of stronger guns in longer calibers; 
the continued perfection of rifling; breech-loading 
weapons becoming practical; better recoil 
systems and disappearing carriages; and higher 
quality, variable- burning powders becoming 
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available. Now, artillery could theoretically be 
made safer to operate, easier to protect, and more 
deadly at ranges four times greater than ever 
before. 

It is ironic that, when these technical advances 
were combined with the prevailing political 
climate, the practical result was that the seacoast 
fortifications of San Francisco Bay entered a 
fifteen year period of neglect in which they rapidly 
passed from among the nation's most formidable 
to being practically non-existent. This decline 
mirrored the nationwide trend in the state of 
seacoast fortifications, and indeed in the state of 
the nation's entire military establishment. With the 
exception of the battery near the Division of the 
Pacific headquarters at the post at Point San 
Jose (officially christened Fort Mason in 1884), 
earthwork fortifications went into ruin, and "a little 
rodent called the gopher (became) the worst 
enemy....He burrows on the parapets and 
destroys their shape and compactness." (22)

The works throughout the area lay in caretaker 
status—quiet and largely unused, until the next 
phase of dramatic change.

Endicott Period, 1891-1928 
(including the Taft Era and World War I)

In the years immediately prior to 1890, the period 
of neglect for major caliber gun batteries began to 
draw to a close. The technical advances in 
artillery previously alluded to began to be 
synthesized with the establishment of a Gun 
Foundry Board in 1882. President Grover 
Cleveland established a special Board on 
Fortifications or Other Defenses in 1885 to make 
recommendations as to the future of the nation's 
seacoast defenses in light of the advances of the 
past fifteen years. This board soon became 
known as the Endicott Board, after its chairman, 
Secretary of War William C. Endicott.

As the frontier began to disappear and industry to 
increasingly prosper, America turned elsewhere 
for an outlet for her energies. As noted military 
historian Russell F. Weigley states, "merely 
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working on the Endicott Program offered the 
feeling that the country now possessed a kind of 
military policy looking toward foreign war, and 
this feeling was so reassuring that in the War 
Department reports and the military publications 
of the 1890's interest in the coast defenses 
became almost obsessive." (23) This feeling soon 
became something of a self-fulfilling prophecy 
with the onset of the Spanish-American War, 
which rapidly propelled the nation into the role of 
an imperial power. These interrelated influences 
resulted in a golden age of coast artillery, which 
manifested itself in many coastal areas of the 
United States by the rapid construction of great 
numbers of state-of-the-art fortifications. 

The turn-of-the-century revival of seacoast 
fortification is a reflection of the end of the frontier, 
the burgeoning industrial capability of the nation, 
and its conscious policy of engaging the other 
powers of the world in new nationalistic 
competition. The United States launched its new 
steel navy as its contribution the world-wide naval 
arms race of the era. A new 
generation of strategic thinkers espoused "a 
fundamental change in the relationship between 
the harbor defenses and the Navy, for these were 
the years during which the fleet was transformed 
from a force devoted largely to immediate 
continental protection into an instrument of 
genuine sea power" following the sea principles 
espoused by Alfred Thayer Mahan. 

Dreadnought

(24)

Let the port be protected by the 
[Army's] fortifications; the fleet must be 
foot-loose to search out and destroy 
the enemy's fleet; that is the function 
of the fleet; that is the only function 
that can justify the fleet's existence…. 
For the protection of our coasts we 
need fortifications; not merely to 
protect the salient points of our 
possessions, but we need them so 
that the navy can be foot-loose. (25)

In this new unified scheme of national defense, 
the Army fell sole heir to the mission of protecting 
vital naval operating bases and repair yards. The 
increased technical sophistication of seacoast 
weapon systems was acknowledged by the 
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Army's reorganization of 1901 when separate 
companies of coast artillery were formed. Six 
years later the Army established the Coast 
Artillery Corps as a separate arm of the service in 
recognition of the importance of the specialized 
mission of strategic deterrence. The overseas 
role of the Navy in a modern defense policy was 
made possible by the ambitious shield of 
seacoast fortifications projected for the Army 
under the principles laid down by the Endicott 
Board in 1883, and now made practical by 
technological advances as well as by changing 
the changing political situation.

The Endicott Board made grandiose 
recommendations for twenty-two seaports on all 
U.S. coasts, and it gave its name to not only the 
type of fortifications it recommended, but also to 
the era in which they flourished. The board also 
clearly established the national significance of 
the structures under discussion when it ranked 
San Francisco second only to New York in the 
importance of its harbor defense, and the most 
important on the nation's Pacific shore. "The 
United States by 1900 came again to possess the 
most powerful coast defense system in the 
world." (26) In the San Francisco Bay Area, the 
extensive and well-preserved works of this 
system remain as tangible evidence of America's 
industrial growth, the consequent development of 
military technology, the era of American imperial 
expansion, and America's coming of age as a 
world power.

In order to distill the Endicott Board's sweeping 
plans into a practical scheme, a New York Board 
of Engineers convened in 1890. This board 
prepared a project to modernize San Francisco's 
seacoast defenses which, in general form, would 
be implemented over the next fifteen years. The 
most significant feature of this project was the 
great extension of the outer line of defenses to 
points well beyond the harbor entrance proper, in 
a reflection of the ten- to twelve-mile range of the 
new artillery pieces. These ranges were more or 
less matched by the powerful armament of 
modern battleships, therefore the new coast 
defenses were sited to engage targets as far 
outside the bay and its vital installations as 
possible. Activity thus commenced to acquire 
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lands in San Francisco at Point Lobos and Lake 
Merced, south of the Golden Gate, while plans 
were made to construct batteries in the Point 
Bonita area near the outermost headlands to the 
north.

The general characteristics of the batteries of the 
Endicott era are concrete construction, partially 
buried behind wide parapets of earth. The 
cannon were mounted individually, or  
occasionally in pairs, and were more widely 
separated than before. However they had no 
overhead protection, for military aircraft did not yet 
exist. Magazines became an integral part of the 
battery, placed below the level of the surrounding 
terrain, and enclosed battery commander 
positions were built into the structures (Plate 10).

New construction first began to the south of the 
Golden Gate. At the western portion of the 
Presidio of San Francisco (to be constituted in 
1912 as a separate coast artillery post named 
Fort Winfield Scott), ground was broken in 1891 
for Battery Marcus Miller. Designed for three 10-
inch breech-loading rifles on disappearing 
carriages, construction of this battery initiated the 
process of destruction of old West Battery above 
Fort Point.The first modern mortar battery in the 
San Francisco defense system was begun in 
1893, with the construction of the cross-shaped 
Battery Howe, designed for sixteen breech-
loading mortars (12-inch). At nearby Battery 
Godfrey, the first 12-inch gun platform in the 
United States was constructed and the first 12-
inch breech-loading rifle on the West Coast was 
mounted in 1895. Two other batteries for three 
12-inch rifles, Battery Saffold and Battery 
Lancaster, were begun at Fort Winfield Scott 
during this first phase of the Endicott period.

In 1894, an experimental battery mounting three 
15-inch pneumatic guns firing charges of 
dynamite was built between Batteries Godfrey 
and Saffold. This extraordinary emplacement, 
which included a steam plant for producing the 
compressed air that fires the charge, was built by 
the developers of the guns. It is one of only two 
such batteries in the United States. These 
weapons never proved of practical value, 
although they killed prodigious numbers of fish 
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when test-fired. They were declared obsolete and 
sold by 1904. Battery Dynamite continued to play 
an important role however, even after the guns 
were removed. Its power house became the 
power unit for all of Fort Winfield Scott, and in 
1919 the battery became the central fire control 
station for all of that fort. In World War II, Battery 
Dynamite was used as the harbor defense 
command post for the entire Bay Area. 

In 1893, construction began on the first modern 
fortifications to the north of the Golden Gate, 
located on the Lime Point Military Reservation. 
Battery Spencer, mounting three 12-inch breech-
loading rifles, was begun at the lofty site of the old 
Cliff Battery. Subsequent improvements to similar 
batteries nationwide followed an inspection of 
Battery Spencer by Douglas MacArthur in his role 
as acting chief engineer officer for the Pacific 
Division. Spencer was soon followed by the 
construction of Battery Duncan (two 8-inch 
breech-loading rifles) to the north of Horseshoe 
Cove, and Battery Kirby (two 12-inch breech-
loading rifles) on the site of old Gravelly Beach 
Battery. The two latter works were both unusual 
for their one-story design. Battery Kirby was also 
distinctive for its very thick parapet, and for the 
unusual positioning of such large weapons as 
water batteries.

The onset of the Spanish-American War 
quickened the pace of construction, and Batteries 
Stotsenburg (sixteen 12-inch breech-loading 
mortars), Cranston (two 10-inch breech-loading 
rifles), and Boutelle (three 5-inch rapid fire guns) 
were completed in quick order at Fort Winfield 
Scott. The latter was the first use of rapid fire guns 
in the area as well as the first use of the balanced 
pillar mount. Old emplacements at Knox Battery 
on Angel Island, East Battery at the Presidio, and 
Cavallo Battery at Lime Point were readied for the 
mounting of old 8-inch muzzle-loading converted 
rifles, of which the concrete temporary battery 
immediately west of the Civil War battery at Fort 
Mason is best-preserved. These old muzzle-
loaders were a very successful reuse of the 
common but obsolete 10-inch Rodman 
smoothbore. Hasty rearmament during the 
Spanish-American War led to some unusual 
contrasts in weaponry, such as at Battery 

(27)
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Spencer, where modern rifles on the latest 
carriages were mounted side by side with 15-inch 
Rodmans of the Civil War era.

Also quickened at this time, was the pace of 
action on the inner line of modern heavy 
batteries. Although not completed until well after 
the close of hostilities Batteries Drew and 
Wallace on Angel Island (each with one 8-inch 
breech-loading rifle), Battery Slaughter at the 
Presidio east of the Golden Gate (three 8-inch 
breech-loading rifles), Battery Duncan at newly-
constructed Fort Baker (two 8-inch breech-
loading rifles), and Burnham at Fort Mason (one 
8-inch breech-loading rifle) all date to this period. 

In addition, because of the impetus of the war, a 
unified system of fire control was provided for San 
Francisco's harbor defenses. Such a system was 
developed by the Board of Regulations of 
Seacoast Artillery Fire in 1896, and was later 
instituted first in San Francisco and at Fort 
Monroe, Virginia, home of the Army's elite coast 
artillery school. This system, a considerable 
technological leap forward in command and 
control capability, was the first instance of the 
control of weaponry from well beyond the sights 
of the individual piece.

One of the results of lessons learned from the 
rapid rearmament of the area's defenses was the 
efficiency of minefields and the new rapid fire 
guns in protecting the inner reaches of the harbor. 
This realization made the 8-inch batteries of the 
inner line obsolete almost as soon as they were 
completed. Thus a series of batteries for rapid-fire 
guns proliferated on the shores immediately 
around and just inside the Golden Gate: Battery 
Ledyard built on Angel Island, Batteries 
Sherwood, Blaney and Baldwin at Fort Winfield 
Scott, and Batteries Orlando Wagner, and Yates 
at Fort Baker. Battery O’Rorke, at newly-minted 
Fort Barry, was located rather farther out near 
Point Bonita, but its mission too was to cover 
minefields as well as to prevent landing parties 
from coming ashore on nearby Rodeo Beach. 

The brief emergency of the Spanish-American 
war over, the focus of construction turned to 
Marin's headlands, on the outer line of defenses 
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to the north of the Golden Gate on the Lime Point 
Military Reservation, in 1897 designated Fort 
Baker in the east and in 1904 Fort Barry to the 
west. There, overlooking the northernmost 
headlands of the Golden Gate and the Pacific 
coastline stretching north, engineers completed 
Battery Mendell (two 12-inch breech-loading 
rifles) and Battery Alexander (eight 12-inch 
breech-loading mortars in 1901. Great difficulty 
was encountered in transporting heavy ordnance 
and equipment over the rugged hills of the 
headlands, and so a wharf was built at nearby 
Bonita Cove. Carriages for Battery Alexander's 
mortars fell into the sea off the wharf in 1902, but 
were recovered—an indication that although the 
engineer's wharf may have been preferable to the 
trip over the hills, it was not entirely without its 
challenges.

Meanwhile, on the San Francisco side, post-war 
construction on the outer line resulted in 
completion of Battery Chester (three 12-inch 
breech-loading rifles) and Livingston (sixteen 12-
inch breech-loading mortars) at newly-acquired 
lands at Point Lobos, designated Fort Miley in 
1901. Endicott era construction at San Francisco 
Bay culminated with Battery Chamberlin (four 6-
inch breech-loading rifles) at Baker Beach, and 
the twin batteries (each with four 6-inch breech-
loading rifles, Rathbone and Guthrie, located at 
Fort Barry.

The Endicott batteries of the San Francisco 
harbor defenses collectively compose a well-
preserved and nationally-significant collection of 
state-of-the-art military fortifications from the turn 
of the century. Individual elements, and the 
system as a whole, embody the distinctive, 
specialized characteristics of military engineering 
at the limits of ordnance and engineering 
technology of the time. They are tangible symbols 
of events that marked the emergence of the 
United States as a major military power, and they 
have a great deal of associative significance, 
since they carry the names of soldiers of 
distinction and American military heroes in every 
war from the Revolutionary War onward.

The Endicott period was a great leap forward; the 
next important phase in the development of coast 
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defense technology was a logical evolution to 
reach the full potential of the new weapons 
system. These developments were synthesized 
by the so-called Taft Board in 1905, named for 
President Theodore Roosevelt's Secretary of 
War, William Howard Taft. The mission of this 
board was to review and update the results of the 
Endicott program, and although it proposed little 
new in the way of major construction (at least at 
continental U.S. locations), the significant 
contribution was to accelerate the modernization 
of existing emplacements.

Specific modernizations of the resulting Taft era 
included the widespread use of searchlights 
organized in batteries to illuminate targets, the 
widespread electrification of many aspects of 
seacoast defense including inside lighting, 
telephonic communications, electrified hoists for 
ammunition handling, and most significantly, a 
modern system of indirect aiming. This method of 
fire control was the most significant advance in 
artillery fire control until the advent of radar. (28)

Indirect fire control became feasible because of 
simultaneous progress in optical systems, 
telephone communications, and mechanical 
devices for rapid mathematical calculation. The 
result was the completion by June of 1908 of over 
twenty-five fire control stations around the Bay 
Area forts. These fire control stations were used 
to direct groups of two or three batteries called fire 
commands, and relayed data on target range, 
bearing, course, and speed to plotting rooms at 
the batteries themselves. The stations were 
grouped in carefully surveyed base lines at high 
elevations with a commanding view, and also in 
separate low level fog bases in case of poor 
visibility. These structures are commonly called 
base-end stations because the coast artillery 
base lines had one such station at either end. 
With a complete system of such electrified base-
end stations, the nation's harbor defense system 
would have an efficient system of integrated 
command and control with a previously 
unsurpassed accuracy of fire. The harbor defense 
of San Francisco became an exemplar of just 
such a system.

Searchlight emplacements were constructed, in 
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locations as accessible as Fort Mason, as far-
flung as Bird Rock north of Point Bonita, and at 
Tennessee Point, where five acres were acquired 
in 1914. It will be recalled that the inner line of 
early Endicott batteries was progressively 
abandoned in favor of underwater mines, with 
Battery Burnham at Fort Mason leading the way 
to oblivion in 1909 followed by those on Angel 
Island, and culminating with the abandonment of 
mortar Battery Howe-Wagner in 1920. 

Mine warfare now received a great deal of 
attention. Many of the original mine casemates 
were considered unsatisfactory at the time of the 
Spanish-American War and more modern 
casemates were built at Point Bonita in 1908 and 
Baker Beach in 1912 to control projected off-
shore fields. Between 1907 and 1910 a new mine 
depot was built just to the east of old Fort Point, 
further reflecting the decision to lay future 
minefields outside the Golden Gate. The location 
of the mine depot was not without controversy. 
Although Fort Point was convenient to the 
minefields, the storehouse site on Yerba Buena 
Island remained serviceable, preferable to some 
because it lay behind all of the harbor's defenses 
and was protected by them. Nevertheless, the 
Fort Point depot became the major facility for San 
Francisco's minefield defenses until just prior to 
World War II. 

During the period of technological upgrading 
marking the Taft era, the structural soundness of 
San Francisco's fortifications was severely tested 
by the great earthquake in April of 1906. Although 
causing massive damage to buildings in the city, 
the fortifications required only minor repairs 
totaling less than $5,000. Indeed, the most 
unfortunate consequence of the earthquake from 
the perspective of the historian was the loss of the 
U.S. Army Corps of Engineers' construction 
records, which burned in their downtown office.

Tension with Japan, a consequence of 
California's racist treatment of Japanese settlers 
and American exclusionist legislation, resulted in 
the construction of Battery Call (two 5-inch rapid-
fire guns, no longer extant) at Fort Miley to assist 
in covering off-shore minefields. In spite of the 
fact that these two nations were to be official 
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allies in World War I, increasing animosity was to 
be their mutual lot until resolved by conflict in 
World War II.

Although World War I had a smaller direct impact 
on the San Francisco Bay region than conflicts 
immediately before and after, certain older 
batteries were stripped of their armament in order 
to provide pieces for heavy field and railroad 
artillery on the Western Front, and to protect the 
nation's other Pacific possessions. Some years 
later the most significant example of this 
occurred, when 12-inch rifles from Battery Kirby 
were sent to Corregidor in 1934, and again in 
1941 because of the abrogation of the 
Washington and London Naval Treaties. (29)

However lessons learned on European 
battlefields eventually had a great effect on the 
course of future planning for the nation's seacoast 
defenses, and as ever, those plans were soon put 
into effect at San Francisco. Britain had launched 
the class of battleships, which 
mounted 15-inch rifles that outranged any of San 
Francisco's defenses. These powerful weapons 
were also able to fire at such high trajectories and 
great range that they could stand outside the 
range of the coastal batteries and bombard them 
with impunity, even reaching those mounted on 
disappearing carriages, although the higher 
elevation batteries and those with disappearing 
carriages remained relatively well-protected 
against short range direct fire. Many batteries, 
therefore, received attention in terms of extra 
earth and concrete protection. Although the 
United States continued to have color-coded 
plans on file for war against any of the major 
powers, the motivation for improving the 
fortifications at this time was more fear of German 
or Japanese warships that had followed Britain’s 
technical lead, rather than it was of the 
increasingly unlikely scenario of war with Great 
Britain. 

Queen Elizabeth

In reaction, the defenses of the area were 
extended to include construction at the Lake 
Merced Military Reservation (named Fort Funston 
in 1917). First construction on the site consisted 
of the very temporary Battery Bruff, two 5-inch 
guns, and the more permanent Battery Walter 
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Howe (four 12-inch breech-loading mortars). The 
latter battery is significant because of its unusual 
straight line configuration (a result of the practical 
difficulties of having four crews working 
simultaneously in a four mortar pit), and because 
it was the very last mortar battery in service in the 
United States. (30)

Not surprisingly, 1915 was the year first mention 
was made of the need for 16-inch rifles to keep 
pace with battleship weaponry. Such massive 
pieces would obviously need to be placed at the 
far reaches of the defended area, and the areas at 
Lake Merced and Tennessee Point received 
attention as likely sites. As a stopgap measure, 
until the great rifles could be developed, a battery 
for two 12-inch long-range guns was built in 1919 
at Point Bonita. So rapidly did the arms race 
continue, that Battery Wallace, with its wide 
spacing between guns, 360-degree traverse 
capability, and deep pits for high-angle firing, 
became for a time the only thoroughly modern 
emplacement in the area's seacoast defenses. 
Even so, its guns were not mounted until some 
years after the completion of the battery, and they 
were not test fired until 1928. 

The final reflection of lessons learned from World 
War I was the appearance of antiaircraft defenses 
and the beginnings of aerial spotting of artillery 
fire. Batteries mounting two 3-inch antiaircraft 
guns were constructed at Fort Miley, Fort Winfield 
Scott, Fort Barry, and Fort Funston. The latter 
three emplacements are still extant. All further 
designs for seacoast fortifications were destined 
to take into account defensive measures against 
aircraft. The consequent need for dispersion 
resulted in a wider separation between guns, as 
at Battery Wallace, magazines being built farther 
from the emplacements, and additional 
camouflage measures to avoid aerial 
observation. (31)

Large hangars for observation balloons were built 
at Forts Funston, Winfield Scott and Barry in 
1921: of this group, the structure at Barry still 
remains. It was used that same year to correct the 
accuracy of fire from Battery Mendell, "a problem 
was fired, [the Army conducted a coast defense 
firing exercise], for the first time in the history of 
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, in which all data was supplied from the 
air (italics added)." 
the world

by balloons. (32) Use of 
balloons to adjust fire accurately on vessels far 
out at sea or hidden from land by haze or fog was 
soon discontinued because of high winds at the 
launching sites, and the vulnerability of balloons 
to defensive fire. It makes a short, but interesting 
episode: the hangar at Fort Barry is the last 
survivor of this type with integrity on the west 
coast of the United States.

Western Department Air Service Officer, and 
future commander of the U.S. Army Air Forces, 
Henry H. "Hap" Arnold, oversaw completion of 
Crissy Field in 1921. It was the only U.S. Army Air 
Service coast defense air station in the western 
United States, and the only survivor of this type in 
the nation. Located in purposeful proximity to the 
coast artillery command network, the primary 
mission of the airfield's 91st Observation 
Squadron and 15th Photographic Section was to 
locate friendly and enemy forces and to correct 
the fall of shot from the coast artillery batteries by 
visual or radio signals.

Chronology makes it fitting to introduce the 
construction of the Golden Gate Bridge from 
1933-1937. This grand structure was the 
immediate cause of the burial of Batteries 
Slaughter and Baldwin, and the partial 
destruction of Battery Lancaster. In exchange, the 
Golden Gate Bridge District agreed to construct a 
new Central Reserve magazine for the Army at 
Fort Winfield Scott. Of greater lasting value was 
the effort that bridge engineer Joseph Strauss 
made to save old Fort Point. After extensive 
design work was accomplished, the northern 
bridge approaches were constructed in such a 
way as to allow the structure to vault over the fort 
in a great arch that emphasizes the dramatic 
contrast between the old and the new. With the 
Golden Gate, and its sister bridge across San 
Francisco Bay to Oakland completed, the Bay 
Area can be perceived as having approached the 
end of the Great Depression. War clouds could 
be dimly seen gathering on both the eastern and 
western horizons. 
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World War II Era, 1937-1948 

The development of the ultimate generation of 
classic coast defense guns, immense 16-inch 
rifles, was a direct outgrowth of the greatly 
increased range of naval guns during and after 
World War I. In San Francisco, the most important 
continental base in any future Pacific war 
scenario, the need for protection from rapidly-
modernizing Japanese shipboard weaponry was 
exacerbated by the lack of large caliber guns 
bearing south along Ocean Beach. A thoroughly 
modern battleship could thus lie off Pedro Point 
and leisurely shell much of the city from a range 
of 21,000 yards without receiving any return fire. 
The solution presented itself in a relatively 
economical way as a result of the Washington 
Naval Treaty of 1922.  (33)

This treaty set certain limits on the size of the 
navies of the great powers, placed a moratorium 
on the further fortification of Pacific islands, and 
caused the abandonment of many projects 
already underway. The proposed  class 
battlecruisers were converted to two aircraft 
carriers, and the 16-inch/50 caliber naval rifles 
already being forged for battlecruisers and 
battleships became available instead for coast 
defense. These outstanding naval weapons, with 
a range of 44,600 yards, became the nucleus 
around which future Army seacoast defense 
construction was planned. 

Lexington

As early as 1925, San Francisco was recognized 
as the site in the continental United States with 
the highest priority need for the new 16-inch rifles. 
(Only fortifications at the Panama Canal and in 
Hawaii received higher priority from the U.S. 
Army Corps of Engineers). Throughout the 1930s, 
the Army continued to update planning for harbor 
defense. "Concern over the developing use of 
aircraft and aircraft carriers caused the Army to 
design 16 inch batteries with substantial 
overhead cover. The older emplacements looked 
like bullseyes from the air and had no overhead 
protection at all. The new design enclosed the 
gun in a reinforced concrete shell, similar to the 
old casemates of the early 1800s, but on a larger 
scale. Plans were also developed for 8 inch and 
6 inch batteries. In (fiscal year) 1937 funds were 
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authorized for the construction of two new 16 inch 
batteries at San Francisco." (34)

For a number of reasons, history was made when 
construction began at Fort Funston on Battery 
Richmond P. Davis (actually commenced in 
October 1936). San Francisco's harbor defenses 
were about to be extended to their greatest 
geographical extent: the huge base lines needed 
to get the full potential from the new rifles required 
five base-end stations 15,600 yards apart 
stretching from Pedro Point in the south to 
Wildcat Ridge in the north. In a wider context, 
Battery Davis mounted the first casemated 16-
inch guns in the United States, and marked the 
first twentieth century use of a casemated 
emplacement, built as such from the ground up as 
a reaction to airpower. (Naturally, great pains 
were taken to hide the emplacements from aerial 
observation, even to the extent of building false 
roads that led away from the site.) It was thus a 
prototype and model for all subsequent heavy 
seacoast batteries built by the United States, and 
in some ways an example for all subsequent 
casemated batteries. The particular weapons 
mounted at Battery Davis were cast for use on the 
U.S.S. , which went on to a 
distinguished career in World War I I  
metamorphosed from battlecruiser to aircraft 
carrier. 

Saratoga

To compliment the fire from Battery Davis, the 
Army purchased a further 800 acres in 1937 
around the existing Tennessee Point Military 
Reservation north of the Golden Gate, and 
designated it Fort Cronkhite. Battery Townsley, 
completed there in 1940, incorporated some 
improvements suggested during the building of 
Davis. Townsley had its own reserve magazine, 
and an upper structure separated from its 
foundations in order to cushion the shock of 
bombs. Its base line extended 15,300 yards from 
Hill 640 Military Reservation in Stinson Beach 
south to Fort Funston. On 1 July 1940 the first 16-
inch round ever fired from the West Coast left the 
barrels of Battery Townsley during its test-firing—
and windows broke in San Francisco from the 
concussion. With the completion of Batteries 
Davis and Townsley, San Francisco can rightly 
be said to have had for a time the most strongly 
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fortified harbor in the world. (35)

The timing could not have been more apt. It was, 
of course, motivated by increased threats of war, 
and developed concurrently with the deliberate 
sinking of the U.S. gunboat  in a Chinese 
river by Japanese bombers, the Spanish Civil 
War, and Hitler's territorial aggrandizement in 
Europe.

Panay

The installation of the big new rifles eventually 
came to be supported by numerous other 
technical improvements to the bay’s defenses 
that reflected the nationwide priorities outlined by 
the Army's Harbor Defense Board. The defenses 
of San Francisco had the highest priority of any 
Pacific Coast area, and were systematized in the 
plan known as the 1937 Project for San 
Francisco Harbor Defenses. Highlighting the 
1937 project was the concurrent development of 
several integrated systems. First, additional 
batteries were called for, and of these Battery 
Construction #243 (two 6-inch rifles on shielded 
barbette carriages) and Battery Construction 
#244 (two 6-inch rifles on shielded barbette 
carriages) were eventually completed at Fort 
Miley and Milagra Ridge, respectively. Concrete 
pads called Panama Mounts were quickly laid at 
Fort Funston to provide fixed firing platforms for 
usually mobile 155mm GPF guns sited to protect 
the blind spots of Battery Davis. Two additional 
batteries of 16-inch rifles were proposed, but only 
one was begun, high above the Golden Gate at 
an elevation over 800 feet—Battery Construction 
#129 became the highest heavy seacoast battery 
ever built.

Improved fire control was a second feature of the 
1937 project. Improvements in wide base position 
finding allowed greater advantage to be taken of 
the new long range pieces, if longer base lines 
with more stations were established. Therefore 
purchases were made at Pedro Point, Mussel 
Rocks, Point Lobos, and Hill 640 in order to place 
more base-end stations. Prefabricated steel base-
end stations began to replace wooden, brick and 
concrete structures that dated as far back as 
1910. The earliest base lines only needed two 
base-end stations. The fire control system of the 
World War II era still required at least two stations 
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for a base line, but increasingly greater ranges 
led to a profusion of additional stations for guns of 
all calibers. Coast Artillery theory dictated that the 
optimum length for a base line was one-third of 
the estimated distance to the target, and a 16-inch 
battery might have as many as a dozen 
permanent and emergency base-end structures 
assigned to it. This plethora of base-end stations 
allowed for a vast variety of possible base lines. 

Searchlights were greatly increased in number 
over the nine that had been emplaced prior to the 
1937 project, and antiaircraft defenses were 
considerably strengthened. The six 3-inch 
antiaircraft guns mounted in pairs at Forts 
Funston, Winfield Scott and Barry in 1937 were 
augmented by additional batteries constructed at 
Wolf Ridge in Fort Cronkhite, and the Lincoln 
Park Golf Course near Fort Miley, and numerous 
earthwork-protected sites for .50 caliber machine 
guns and 40 mm automatic cannon. (Fort Miley’s 
two antiaircraft guns were removed by the time 
World War II began. One weapon went to Fort 
Funston and one to Fort Barry to increase the 
number of guns at each of those batteries to 
three.)

A new mine depot and wharf were begun in 1937 
at Fort Baker, their mission to service and 
maintain the north channel minefields from a 
location better protected than the Fort Point 
Depot. A supplementary storehouse on Yerba 
Buena Island and additional depot facilities at 
Fort Winfield Scott rounded out the prewar 
improvements to the submarine mine defenses of 
the Bay Area. 

Improvements in tactical control thus became 
necessary in order to effectively manage the 
greatly increased flow of information to the guns, 
improvements that resulted in the organization of 
the new and old batteries into manageably-sized 
groupments of mutually supporting weapons with 
related missions. Groupment command posts 
were constructed at Fort Barry and Fort Funston 
while a command post for the entire command, 
designated Harbor Defenses of San Francisco, 
was built at the old dynamite battery at Fort 
Winfield Scott. It was 1940 by the time that most 
of these improvements had actually been started, 
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although the underwater defenses of the area 
received attention somewhat earlier.

World War II came with dramatic suddenness to 
the United States, and it came in the Pacific 
rather than the Atlantic. The West Coast in 
particular felt the strongest fear of enemy action 
off its shores, due to the nature of the surprise 
attack on Pearl Harbor. By the end of 7 December 
1941, the seacoast fortifications of San Francisco 
Bay were fully manned, mobile field artillery had 
been placed behind beaches as far north as 
Drake's Bay, and two battalions of the 7th U.S. 
Infantry Division set up beach defenses behind 
barbed wire obstacles at Cronkhite Beach and to 
the south of the Golden Gate. The tactical plan for 
the mobile land defense of the area had not 
changed much since the Civil War. In case of a 
landing the main line of resistance was still 
planned to be to the north of Mount Tamalpais 
and to the south of the city near Crystal Springs 
Reservoir. On 11 December 1941 the Western 
Defense Command was designated a theater of 
operations, with the Harbor Defenses of San 
Francisco as a major subordinate unit. The war 
gave the ultimate impetus for improved coast 
defense, and resulted in the culmination of the 
defensive system in the conventional sense.

Minefields were immediately thickened outside 
the harbor, eventually resulting in a 1945 total of 
481 mines in thirty-seven distinct groups. A new 
station for the North Channel minefield was built 
overlooking the beach at Tennessee Cove, and a 
double casemate at Baker Beach was 
constructed to control the main and south channel 
minefields. Both structures are still extant. 
Numerous "anti-motor torpedo boat" batteries 
were built, mounting 90mm or 37mm antiaircraft 
guns and sometimes aging 3-inch guns, in rapidly 
traversing mounts sited to fire flat across the 
water at minesweepers, high-speed gunboats, or 
submarines attempting to run past the minefields. 
These temporary emplacements were named 
Batteries Gravelly Beach, Bonita, Cavallo, Yates, 
Gate, Point, Winfield Scott, Baker, Land, and 
Buck, their names alluding to their locations. 
Numerous field fortifications, often merely 
dugouts of concrete-filled sandbags, proliferated 
in tactically advantageous coastal locations, 
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housing an observation post, a searchlight, a 
machine gun, or a light antiaircraft cannon.

The most important development in fire control 
systems since the establishment of indirect 
aiming principles was the perfection of radar early 
in the war. Soon five SCR-296 surface search 
radar systems were emplaced at Wildcat Ridge at 
Point Reyes, Hill 640 overlooking Stinson Beach, 
Bonita Ridge in the Marin Headlands, Devil's 
Slide south of Milagra Ridge, and Pillar Point 
near Half Moon Bay. A typical radar station had a 
tower, a concrete transmitter house, and two 
power plants associated with it. Eventually there 
were nine such radar emplacements including 
ones at Wolf Ridge, Baker Beach, Fort Miley, and 
south of Fort Funston, and two SCR-682 general 
surveillance radars near the Point Reyes 
lighthouse and at Wolf Ridge in Fort Cronkhite.

In September 1942, work began at Battery 
Construction #129 in the Marin Headlands, and 
continued until November 1943, when it became 
obvious that such a huge fortification mounting 
16-inch guns was no longer needed. The guns 
were brought up to the top of the hill, but never 
actually mounted. Even so, Battery Construction 
#129 made history as the most expensive 
fortification the United States ever built. Battery 
Constructions #244 and #243 were brought to 
completion, although weapons were not actually 
mounted in either until after the war. 

At the start of the war, fifteen of the older Endicott 
period batteries had already been disarmed. By 
1943, a further thirteen followed suit, the pieces 
salvaged for wartime scrap drives, the coast 
artillery units increasingly serving antiaircraft 
guns or being combed out for infantry 
replacements. By the time rapid wartime 
developments were assimilated in 1945, it was 
planned to have only twelve of the most modern 
6-inch and 16-inch batteries armed after the war. 
But reality was to be different from plans.

The tactical and strategic lessons of World War II, 
especially the wartime capabilities of modern 
aircraft, spelt the doom of seacoast artillery 
fortifications in the conventional sense. Seacoast 
artillery entered a final stage in which it became 
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solely a means of defending against air attack 
and not against ships. Amphibious warfare had 
been developed to such an extent during the war 
that beaches far removed from built-up ports were 
successfully used to logistically support large 
field formations. This enabled the fixed defenses 
at large seaports to be outmaneuvered, and since 
not all of the coastline could be effectively 
defended by permanent fortifications, they lost 
their value. The campaign in Malaya was a 
classic example of the outflanking of the seaward-
located 15-inch guns of Singapore by a thrust 
against its landward side supported logistically 
from beaches hundreds of miles away. Airpower 
had assumed an importance that relegated 
striking fleets to the role of mobile waterborne 
airfields that operated well out of range of any 
artillery piece. It was the atomic bomb that most 
strikingly necessitated expansion of the concept 
of the outer line of defense to a distance great 
enough to intercept and destroy atomic bomb-
armed aircraft without harm from either blast or 
fallout. 

In 1947, all guns at the seacoast defenses of San 
Francisco Bay were declared surplus with the 
exception of the new 6-inch and 16-inch models. 
The very next year however, the 16-inch rifles fell 
to the cutter's torch and were scrapped. Four 
batteries of 6-inch weapons to protect the 
minefields were the last conventional artillery of 
the permanent harbor fortifications. Battery 
Construction #244 at Milagra Ridge Military 
Reservation, Pacifica, gave up its weapons last, 
in 1950. The now disarmed batteries lay 
abandoned, or were used as dormitories, storage 
for explosives, or air raid shelters. In 1949 the 
responsibility for minefield defense passed to the 
control of the Navy, and the Coast Artillery 
disappeared as a separate arm of the U.S. Army 
in 1950. An era had come to a close.

Cold War Era Antiaircraft Defenses, 1952-1974

When the Army Air Defense Artillery assumed the 
aerial defense mission of the old Coast Artillery 
branch, it still carried on the mission of defending 
the continental United States from attack from 
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outside its shores. The threat now came entirely 
from aircraft, particularly those carrying nuclear 
weapons. Tangible manifestations of the Cold 
War era are reflected in the San Francisco Bay 
Area in terms of the continual high state of 
readiness maintained by local antiaircraft 
defenses from the Korean War through the 
implementation of the Strategic Arms Limitation 
Treaty of 1972.

Modern conventional air defense artillery was 
emplaced around San Francisco during the 
Korean War, but it was the installation of the 
famous Nike antiaircraft missile system in sites 
around San Francisco Bay that marked the 
transition to the Cold War in a most character-
defining way. The Nike-Ajax, and its successor 
the nuclear-capable Nike-Hercules, were used for 
medium range interception of attacking aircraft 
formations. These radar-guided missiles could 
reach thirty-seven miles (Ajax) and eighty-seven 
miles (Hercules) and were the most widespread 
and longest-lived missile systems of the Cold 
War era. 

The Nike missile system demonstrates 
exceptional significance due to the large numbers 
of weapons deployed and the extensive area they 
covered (300 sites and thirty states); the great 
expense of such a system (the most expensive 
missile system to date, by far); the extraordinary 
longevity of the system nationwide and in the Bay 
Area (1954-1979 nationwide and 1954-1974 in 
the Bay Area); and, the unusual proximity of many 
of these sites to the civilian population (in 
essence, bringing  to 
suburban backyards and to the national 
consciousness). 

Doctor Strangelove

(36)

Beginning in 1954, and under the command of 
the Sixth ARADCOM region (Army Air Defense 
Command), twelve permanent launch sites and 
associated control, housing, and command sites 
were constructed around the Bay Area (on San 
Pablo Ridge, Rocky Ridge, Lake Chabot and 
Coyote Hills in the East Bay; Milagra Ridge, Fort 
Winfield Scott and Fort Funston to the south of 
the Golden Gate; and Fort Cronkhite, Fort Barry, 
Angel Island and San Rafael to the north). The 
individual missile sites received target 
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information in tactical firing situations from an 
Army air defense command post co-located with 
the U.S. Air Force at the early-warning radar 
station at the Mill Valley Air Force Station on Mt. 
Tamalpais.

After twenty years of constant readiness, the Nike 
missile system was declared obsolete by 1974. 
"Changing military technology made the use of 
long-range bombers unlikely in the event of 
modern war. The United States and the Soviet 
Union both developed Inter-Continental Ballistic 
Missiles (ICBMs) which flew at altitudes and 
speeds beyond which an AJAX or HERCULES 
could hope to reach. The NIKEs were left without 
targets."  (37)

Most of these facilities have either been removed 
or altered to such an extent that they lack 
integrity, but the launching complex known as 
SF-88L at Fort Barry has been thoroughly 
restored and is widely recognized as the finest 
example of this quintessential Cold War weapon 
system in the nation. 

Although less than fifty years old, the exceptional 
role of the Nike missile system in the spectrum of 
Cold War weaponry, and the remarkable level of 
integrity at Nike site SF-88L, clearly merit its 
consideration as integral to the proposed 
National Historic Landmark, especially within the 
context of a district with clear linkage to previous 
generations of weapons systems. Those missile 
stations located among the older fortifications are 
significant to the story of coast defense in the San 
Francisco Bay region because they demonstrate 
the exceptional range of the historic resources 
represented here. Nike site SF-88L is the last 
permanent fortification to defend San Francisco. 
"From Spanish colonial times up through the 
1970s, many generations of fixed defenses were 
built to protect the people of the Bay Area, Site 
SF88L was the last link in that historic chain that 
extended backwards two centuries." (38)

Concluding Remarks

The seacoast fortifications of San Francisco 
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harbor have played a significant role in the 
military history of the United States from the time 
of roundshot, black powder, and bronze cannon 
to the era of radar guided rockets. Throughout 
history, it has been the best-defended harbor on 
the West Coast, sometimes in the entire United 
States, and in some ways, the entire world. 
Throughout the geographic area associated with 
San Francisco coastal fortifications history, 
excellently preserved examples of the evolution 
of military construction, engineering, and 
technology from 1794 to 1974 provide a veritable 
outdoor museum. The setting of a large part of 
this outdoor museum has already been chosen 
by Congress to be worthy of inclusion in the 
National Park System because of its exceptional 
recreational, scenic, and cultural values. The 
tangible fortification resources must now receive 
the attention and treatment they need in order to 
be preserved.

( )Return to top
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Chapter 3: Structure

.

Plate 19. Tramways with turntables at 
intersections carried small rail cars that could 
be pushed by several men to carry ammunition 
into the interior of a battery. They were an 
uncommon feature of fortifications built in the 
United States. Battery Stotsenburg-McKinnon. 

Plate 20. Almost all mortar batteries featured 
ceiling trolleys for delivering ammunition to the 
exterior of the emplacement. Trolleys found the 
same use in batteries for large-caliber guns, but 
there they led to an ammunition hoist. Battery 
Stotsenburg-McKinnon.

Plate 21. Ceiling trolleys were efficient, and 
they were also out of the way, leaving ample 
space in the battery. Fastenings for overhead 
trolleys dot the ceiling of emplacement one, 

Structure

Principal Character-Defining Features 

Each of the three major periods of construction—
1870s, Endicott-Taft, and World War II—produced 
structures that characterized the style of fortifications 
then in force. The structures, and the collections of 
multiple structures, ranged from simple forms in the 
1870s, to complex in Endicott-Taft, and to 
sophisticated in the final years of coast defense.

Change Over Time

The basic character of the fortifications of the 1870s 
emphasized their impermanence and their place in 
military architecture as transitional designs. Although 
West and East Batteries were little more than 
enhancements on the hastily built works of the Civil 
War, more regard needs to be given to Cavallo 
Battery. As mentioned earlier, its character devolves 
from the material used in its construction, but with its 
salients and parapet enclosing the entire work, it was 
also self-defensible. That capacity was unique 
among the other coastal fortifications of the 1870s, 
and the battery was arranged in that manner 
because of its isolated location. Its articulate 
combination of slopes and angles have been called 
handsome, and few can fail to be impressed by this 
singular structure.  The architectural quality of 
Cavallo Battery places it with that small group of 
fortifications that are recognized and valued by the 
general public, an aspect that is enhanced by the 
emergence of its conspicuously artificial form from 
the surrounding terrain.

(10)

The work of the Endicott and Taft boards produced a 
dizzying variety of structures with an equally diverse 
catalog of character-defining features. For gun and 
mortar batteries, the major features are in the plan, 
the program contained by the plan, and the external 
form. The time of the design—whether it was done 
before or after 1900 —also had a particular influence 
on the appearance of gun batteries.
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Battery Wallace.
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The large-caliber gun batteries in San Francisco 
were among the first designs to be put into concrete, 
and Batteries Marcus Miller and Godfrey are good 
examples of early floor plan designs. The interior 
plan was simple, and consists basically of narrow 
rooms that seem to be little more than spaces 
hollowed out of the concrete mass for the storage of 
projectiles and powder. A single passageway, also 
narrow, led into the shot room, which itself connected 
to a forebay that linked the powder room to a small 
hoist shaft leading to the exterior. The passageway 
was long, in the case of Battery Godfrey some forty 
feet, but about half that distance in Battery Marcus 
Miller. The passageways were the principle entry as 
well as serving as the galleries for ammunition 
supply. Moving ammunition into Marcus Miller was 
direct since the entry gallery was at the same 
elevation as the roadway behind it. That same 
movement was more difficult at Battery Godfrey 
because there the entry passageways were at the 
foot of a long, narrow, and comparatively steep ramp 
that led below the road elevation. Considering that 
the projectiles fired by the 12-inch guns of the battery 
weighed a half-ton each, moving them down the 
ramp and into the magazine must have been a 
tedious and difficult requirement to meet (Plate 19)

The plans of Endicott batteries shifted as engineers 
began to see more efficient ways to meet the needs 
of the artillery service, and understanding the 
evidence of that pattern of change is key in a 
comparative evaluation of individual batteries. As an 
example, Battery Saffold is also an early battery, 
designed in 1896, and it reveals a shift in floor plan 
that underscores change as an early constant. The 
entryway at Saffold is a true circulation corridor, and 
the magazine spaces open onto the corridor, each 
with its own entry. There was also an additional room 
in the interior; called a bombproof, intended for 
shelter during bombardment, and its inclusion 
demonstrates the desire for more specialized spaces 
within the battery interior. 

While changes in the nature of the interior floor plan 
may be difficult to perceive in structures whose 
interiors are not accessible, the exteriors contain a 
great many examples of improvements made after 
their initial construction. Almost all major caliber gun 
batteries show the effect of additions and other 
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improvements. Not long after Batteries Marcus Miller 
and Godfrey were completed, the artillery officers 
complained that they did not offer all the space that 
was necessary, and engineer officers had their own 
list of changes they wanted to make as well. As a 
result, small separate structures were tacked onto the 
new batteries. On the right rear of emplacement three 
of Battery Marcus Miller, the engineers situated 
storerooms, a latrine, and a motor-generator room; 
they also added a plotting room behind emplacement 
one. Engineers built a similar collection of rooms into 
a much more constricted space between the right 
side of Battery Godfrey and a retained 1870s 
magazine. In much the same vein, the magazine 
space of the same battery was expanded by the 
addition of a large room; the windows of the enlarged 
magazine are visible at the rear of the battery.

There were other conspicuous changes as well. 
Between 1904 and about 1912, all the big gun 
batteries underwent further modifications that brought 
them closer to the appearance they have today. The 
greatest impact came about as a result of 
modifications to the method of delivering ammunition 
from the magazine to the emplacement above. The 
hoists installed when the batteries were first 
constructed were limited in many ways, and in 1904, 
the Army began a nationwide program to upgrade 
the ammunition delivery service. They installed a 
new mechanism called a Taylor-Raymond hoist, 
which required considerable reworking of most 
existing gun batteries. Old hoist shafts were closed, 
new shafts were cut through mass concrete, space 
was created for the new hoist mechanism in the 
magazine, and a heavy concrete roof called a 
splinterproof was built over the top of the 
replacement hoist. At about the same time, special 
booths (to house a distance writing instrument called 
a telautograph) were built to the rear of many 
emplacements, and extensions were added to some 
loading platforms. Earth was removed from the rear 
of the traverses of Marcus Miller and Godfrey, 
permitting movement between the loading platforms 
of adjacent guns for the first time since the batteries 
were built. The final conspicuous change came 
when the battery commander’s stations were added 
to most gun batteries.

Battery Spencer shows best the changes that could 
be brought about by the collective improvements. 
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Because of the compressed and angular plan, the 
battery parade is more like a courtyard, and it is 
easier here than it is at other batteries to see the net 
effect of the changes from a single position. The tall 
telautograph booth, the free-standing truck recesses, 
the small platform extension at emplacement one, 
the battery commander’s station, and the Taylor-
Raymond hoist positions with their thick concrete 
covers, all indicate improvements to the battery to 
keep it modern and useful. This battery too had its 
complement of out-buildings to make up for 
specialized spaces not foreseen when the battery 
was first designed. There was so little room on the 
site that these new structures had to be fitted into 
either side of the approach road, forming a corridor 
for visitors today.

After the enhancements of the Taft board had been 
considered and put into place, the construction of 
fortifications effectively came to a halt until the advent 
of World War II. There was some modest activity, and 
Battery Wallace was one of the few projects built in 
the United States after World War I. While it appears 
to be wholly unrelated to features common in 
Endicott works, Battery Wallace and others like it 
were the natural outgrowth of the designs that took 
shape at the turn of the century.

The fundamental character-defining feature of the 
first concrete batteries was a two-story appearance. 
The magazines were on the first or ground floor, and 
the gun above was on a higher level with the 
ammunition hoist connecting the two. That was never 
a wholly satisfactory design for a number of reasons, 
and after much experimentation, the engineers were 
able to do away with the hoist and it became 
possible to place ammunition storage and the gun on 
the same level. Battery Wallace, a later version of 
that idea, was built for a different type of gun, but it 
contained an equally dramatic element that set it and 
later batteries aside from what had been built before. 
They were now to be single-story structures. The 
guns were widely separated from each other, and the 
magazines and storage spaces between the guns 
were covered with a heavy layer of earth (Plates 20 
and 21). 

Battery Wallace, Battery Davis, Battery Construction 
#129 and others like them, are the culmination of 
what had been learned during the construction of the 
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Endicott and Taft periods. Where plotting rooms, 
power plants, latrines, store rooms, and guard rooms 
had been added onto the exterior of the gun batteries 
of the 1890s, later designs of that period (Battery 
Mendell) had incorporated those features into the 
floor plan at the outset. It was only natural that all of 
those elements would be in place when the next 
generation of coast defenses came to be built. The 
character-defining feature of these plans was 
efficiency, and the visual quality was characterized 
by a subtle appearance that made them seem more a 
part of the landscape. In some ways, the designs had 
come full circle, the works of World War II bearing 
similarities of form to those of the 1870s. Missing 
from that assessment is the acknowledgment of the 
sophistication of these last fortifications, for they 
represented the conquest of many of the problems of 
design and construction experienced in the first 
generation of concrete fortifications. 

Linking Analysis to the Coast Defense Resource 
Checklist

The major divisions of this chapter—Location and 
Site, Construction Materials, and Structure—also 
form the core of the Coast Defense Resource 
Checklist. The checklist is the device by which much 
of the content of this manual is conveyed to the 
resources. Those preparing inventories will have to 
be alert to the variable nature of fortification 
structures and look beyond the brief and 
comprehensive categories included on the checklist.

The character-defining features of fortifications are 
often nuanced, surprising in a resource whose most 
conspicuous aspect is great size. For example, there 
are many types of railings and rail fittings, and the 
checklist should note the varieties—or link to another 
document that catalogs these differences. Failure to 
identify and acknowledge the importance of such 
detail can lead to unfortunate choices, such as the 
replacement handrail at Battery Chester. These 
details change from one structure to the next. Iron 
doors may cover ventilation openings in one battery, 
but a grill might be used for the same purpose in 
another. Noting both uses is a part of any inventory. 

Vegetation poses its own set of challenges. The 
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control of the landscape was presumed in fortification 
design, especially during the period when aircraft 
came into military use for observation. Yet few of the 
landscape decisions made by the builders are 
recognizable today. Small trees that may have been 
planted on the slopes of batteries have grown to a 
maturity they were never intended to reach. Heavy 
underbrush has effectively destroyed the visible 
evidence of any original groundcover. The combined 
effect can often isolate a coast defense structure from 
a necessary view of the water area, and that view as 
well is a character-defining feature. The fundamental 
purpose of plant materials in fortifications was to 
disguise and obscure the location of a structure, but 
not at the cost of reducing their effectiveness. 

The lesson to be learned from this chapter is that the 
successful comprehensive identification of character-
defining features moves from the general to the 
specific. The general is included on the Coast 
Defense Resource Checklist, but the specific must 
remain in the hands—and eyes—of those who will 
complete the forms. 

( )Return to top
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Chapter 4: Standards and Guidelines for the Preservation Process

"A Brief History of 
Reports of Completed 
Batteries and Reports 
of Completed Works,"

12 (May 
1998), 64.

1. Matthew L. Adams,

Coast Defense Study 
Group Journal

 

The Existing Management Plan

The 
 of 1980 conceptualized a 

series of natural resource and historic resource management zones. Within 
the category of historic resource zones, the  placed 
all the fortifications in the "preservation zone," along with the historic ships, 
lighthouses, and the historic buildings on Alcatraz. (Today historic ships are 
treated as a separate national park.)

Golden Gate National Recreation Area/Point Reyes National Seashore 
General Management Plan/Environmental Analysis

General Management Plan

The  describes the preservation zone for the 
Golden Gate National Recreation Area as follows:

General Management Plan

Spaces and objects placed in this category are managed and 
used primarily for the purpose of facilitating public enjoyment, 
understanding, and appreciation of their historic values. 
Management activities will include the protection of structures from 
influences and uses that could cause deterioration and the 
presentation of tours, exhibits, or other appropriate interpretive 
efforts.

Because of the unusually large number of historic structures in the 
parks, many that are suitable for adaptive use have been placed in 
this category simply because a use has not yet been specifically 
identified for them. Undoubtedly some of these will be adapted for 
management or visitor uses in the future, but in the meantime they 
will be simply protected from damage and deterioration.

The National Park Service has treated most of the batteries, base-end 
stations, and other related ancillaries in a preservation mode as funding and 
personnel resources permitted. The few exceptions have been handled as 
adaptive reuse, and include a small museum of coast defense at Battery 
Chamberlin; stables for the Park Police at Battery Livingston-Springer; and, 
an environmental education camping facility at Battery Alexander. In 1994, 
the 

essentially reaffirmed the
 of 1980 when it prescribed a continued preservation 

treatment for the fortifications at the Presidio: "Historic structures along this 
stretch of the coast will be stabilized and preserved." Intent across the 
National Park Service management documentation is to encourage 
preservation. 

Final General Management Plan Amendment Environmental Impact 
Statement, Presidio of San Francisco General 
Management Plan

Historic Preservation Guidelines

Guidelines directly pertinent to the seacoast fortifications under the 
jurisdiction of the National Park Service management include those listed 
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below, and can be grouped as references for general stewardship and as 
ones offering technical advice.

Stewardship

Kay D. Weeks and Anne E. Grimmer,

, Washington, D.C.: National 
Park Service, 1996. (Unillustrated version, 1995.)

Secretary of the Interior’s 
Standards for the Treatment of Historic Properties with Illustrated 
Guidelines for Preserving, Rehabilitating, Restoring & 
Reconstructing Historic Buildings

Charles Birnbaum, with Chris Capella-Peters, editors,

, 
Washington, D.C.: National Park Service, 1996.

Secretary of 
the Interior’s Standards for the Treatment of Historic Properties 
with Guidelines for the Treatment of Cultural Landscapes

 [90% Draft], 
Washington, D.C.: National Park Service in association with the 
Georgia Trust for Historic Preservation, 1998.

Guide to Sustainable Earthworks Management

4. Robert Page, Cathy A. Gilbert, and Susan A. Dolan, 
, 

Washington, D.C.: National Park Service, 1998. 

A Guide to 
Cultural Landscape Reports: Contents, Process, and Techniques

Margaret Coffin, Olmsted Center for Landscape
Preservation,

, Washington, D.C.: National Park 
Service, 1995.

Guide to Developing a Preservation Maintenance 
Plan for a Historic Landscape

6. National Park 
Service Bulletin No.28, Release No. 5, Washington, D.C.: 
National Park Service, 1997. [NOTE: National 
Park Service

states that Bulletin No. 28, Release No. 5, will 
provide interim guidance for cultural resource management until 
issuance of a cultural resource management handbook. The 
National Park Service anticipates that the handbook will be 
published by 31 December 1999.]

Cultural Resource Management Guideline,

Director’s Order No. 28: Cultural Resource 
Management

Charles A. Birnbaum, 
, Preservation 

Briefs, No. 36, Washington, D.C.: National Park Service, 1994.

Protecting Cultural Landscapes: Planning, 
Treatment and Management of Historic Landscapes

Andropogon Associates, Ltd., 
, Washington, D.C.: National Park Service, 

1989.

Earthworks Landscape 
Management Manual

Technical Advice
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Thomas C. Jester (ed.), 
, New York: National Park Service / 

McGraw-Hill.

Twentieth-Century Building Materials: 
History and Conservation

Sharon C. Park, 
, Preservation Briefs, No.16, Washington, D.C.: 

National Park Service, 1988.

The Use of Substitute Materials on Historic 
Building Exteriors

Margot Gayle, David W. Look, and John G. Waite, 
, Washington, D.C.: Government 

Printing Office, 1982. 

Metals in 
America’s Historic Buildings

William B. Coney, 
, Preservation Briefs, No.15, Washington, 

D.C.: National Park Service, 1987.

Preservation of Historic Concrete: Problems 
and General Approaches

Anne E. Grimmer, 
, Washington, D.C.: 

National Park Service, 1984.

A Glossary of Historic Masonry Deterioration 
Problems and Preservation Treatments

Baird M. Smith, 
, Washington, D.C.: National Park 

Service, 1986.

Moisture Problems in Historic Masonry Walls, 
Diagnosis and Treatment

Sharon C. Park, 
, Preservation Briefs, No.39, Washington, 

D.C.: National Park Service, 1996. 

Holding the Line: Controlling Unwanted Moisture 
in Historic Buildings

Robert C. Mack, 
, Preservation Briefs, No.1, Washington, D.C.: 

National Park Service, 1975.

The Cleaning and Waterproof Coating of 
Masonry Buildings

Anne E. Grimmer, 
, Preservation Briefs, No.6, Washington, D.C.: National 

Park Service, 1979.

Dangers of Abrasive Cleaning to Historic 
Buildings

Anne E. Grimmer, 
, Washington, 

D.C.: National Park Service, 1988.

Keeping It Clean: Removing Exterior Dirt, Paint, 
Stains and Graffiti from Historic Masonry Buildings

Martin E. Weaver, , 
Preservation Briefs, No.38, Washington, D.C.: National Park 
Service, 1995. 

Removing Graffiti from Historic Masonry

Kay D. Weeks and David W. Look, 
, Preservation Briefs, No.10, Washington, D.C.: 

National Park Service, 1982.

Exterior Paint Problems on 
Historic Woodwork

Sharon C. Park, , 
Preservation Tech Notes, Exterior Woodwork No.1, Washington, 
D.C.: National Park Service, 1986. 

Proper Painting and Surface Preparation
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Robert C. Mack and John P. Speweik,
, Preservation Briefs, No.2, 

Washington, D.C.: National Park Service, 1998. [Revision of 1977 
Brief.]

Repointing Mortar Joints in 
Historic Masonry Buildings

, Washington, 
D.C.: Historic Preservation Education Foundation / National Park 
Service, 1997. 

Window Rehabilitation Guide for Historic Buildings

Charles Fisher (ed.), 
, 

Washington, D.C.: National Park Service. [Includes seventeen 
Preservation Tech Notes from 1984-1991 focused on the 
treatment of windows; individual authors for the Notes.]

The Window Handbook: Successful 
Strategies for Rehabilitating Windows in Historic Buildings

John H. Myers, , 
Preservation Briefs, No.9, Washington, D.C.: National Park 
Service, 1981.

The Repair Historic Wooden Windows

Sharon C. Park, 
, Preservation Briefs, No.13, Washington, D.C.: 

National Park Service, 1984.

The Repair and Thermal Upgrading of Historic 
Steel Windows

H. Ward Jandl, 
, Preservation Briefs, 

No.18, Washington, D.C.: National Park Service, 1988. 

Rehabilitating Interiors in Historic Buildings—
Identifying Character-Defining Elements

Sara B. Chase, , Preservation Briefs, 
No.28, Washington, D.C.: National Park Service, 1992. 

Painting Historic Interiors

Marylee MacDonald, 
, Preservation Briefs, No.21, Washington, D.C.: National 

Park Service, 1989.

Repairing Historic Flat Plaster—Walls and 
Ceilings

Sharon C. Park, , Preservation 
Briefs, No.31, Washington, D.C.: National Park Service, 1993. 

Mothballing Historic Buildings

Additional publications exist which discuss management of related types of 
resources, but are not included here. As specific challenges arise, the Golden 
Gate National Recreation Area staff are advised to contact the appropriate 
technical professionals within the National Park Service for updated 
guidance. Especially useful is the internet web site:

. 
www2.cr.nps.gov/tps/

tpscat_1.htm

Levels of Treatment

The 
have been alive and well in the preservation community since they 

were first published in 1979. Revised in 1992 and most recently published in 

Secretary of the Interior’s Standards for the Treatment of Historic 
Properties
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1995 and 1996 with inclusion of guidelines for the treatment of historic 
buildings (1995/1996) and for the treatment of cultural landscapes (1996),
the  have become the test most often applied to the work proposed 
for an historic property to gauge the appropriateness of what is contemplated 
and to consider the possible impact of individual project elements on 
character-defining features. The of 1995 consider four types of 
possible treatments for all types of historic properties: preservation, 
rehabilitation, restoration, and reconstruction. Subsumed within preservation, 
and pertinent to the coast defense fortifications, is stabilization. (See also, 
chapter 9—treatment plans—for more detailed discussion of stabilization, 
preservation, repair, and restoration, focused on the subtopics of sitework; 
concrete; masonry; metals; carpentry; moisture protection; doors and 
windows; finishes; and, special items.)

Standards

Standards

Rehabilitation

Rehabilitation has been the treatment most often used in our communities 
because its purpose is to give guidance to the active reuse of historic 
buildings. The return to purposeful function has been a central theme in the 
national historic preservation movement for more than thirty years. The 
success of rehabilitation is revealed by the popular use of the term, and it is 
language that is not restricted to a narrow band of preservation professionals. 
The  continue to have utility in the management of 
historic fortifications due to their broad acceptance within the architectural 
community as appropriate guiding principles, and as evocative of a 
philosophy of treatment for historic structures. While not candidates for true 
rehabilitation, fortifications will still benefit from the listed "recommended" / 
"not recommended" guidance provided by the National Park Service within 
this section. Yet fortification structures are by their nature specialized, and the 
particular requirements of their original purpose, as well as difficulties related 
to some shortcomings of their design and construction, do limit their potential 
for modern, adaptive reuse. There are individual examples of new uses being 
found for former defenses, but the examples are unique and indicate a 
response to local needs rather than a reproducible pattern. For many years, a 
small public library was located in a battery at Fort Moultrie, South Carolina, 
and the state of Delaware occupied a portion of the mortar battery at Fort 
DuPont for archives. In Washington state, a county sheriff used the capacious 
interior of BC 131 as a secure impound lot. The most architecturally 
successful rehabilitation of a coast defense structure is at Fort McKinley, 
Maine, where a private residence has been built into a mine casemate.

Standards for Rehabilitation

Restoration and Reconstruction

Restoration and reconstruction are also fitting treatments, but they carry 
severe limitations when applied to fortifications. In any but the most simple 
defense, restoration is made difficult because it suggests the return of absent 
equipment, from objects as large as a seacoast gun and carriage to as small 
as the knurled brass screw terminal on electrical equipment. Much of the 
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specialized inventory that outfitted the defenses no longer exists, and without 
it, any restoration will ring hollow. The compelling contribution of hardware to 
a military structure needs no greater demonstration than that present at the 
Fort Barry Nike installation. The recovered and operating technology is 
impressive in its own right, but the sights, sounds, and even smells are 
distinguished elements of the exemplary restoration.

Reconstruction may be called for in those instances where structures have 
been removed, but whose form and function are important to a complete 
understanding of the fortifications as an historic resource. At Fort Scott, for 
example, a complete interpretive plan might call for the reconstruction of the 
fire control stations that once occupied Rob Hill. The expense of such a 
reconstruction compared with the expenditures required to address the 
significant needs of numerous and genuine historic structures will most 
certainly mean that reconstruction will be a treatment that is seldom used.

Preservation

For the great majority of fortifications of all periods, preservation is the most 
fitting as well as the most affordable treatment. The public ownership of most 
former coastal fortifications implies that some kind of interpretive use is in the 
future, and the protection and stabilization treatments that form a large part of 
the preservation standard will yield results that are satisfactory for interpretive 
purposes. Some types of preservation treatments are also within the 
capabilities of maintenance staff as well as trained volunteers; the careful 
pairing of projects and workers can be an effective and happy combination.

Historical Research and Evaluation

Determining what is historically important about any fortification can be 
challenging, and perhaps those built in the years following the Civil War even 
more so. Earlier works such as Fort Point or Fort Adams or Fort Knox are 
distinct, well-defined structures, wholly contained by their form. Later works 
cover extensive amounts of ground, and some related components of the 
World War II defenses are separated by miles. Any assessment of historical 
significance has to take into account such dispersal. Under those 
circumstances, it is too easy to consider the large and close at hand to be 
more important and thus more valuable than the compact and distant. 
Ultimately, management decisions will determine which resources receive 
treatment, and those decisions must consider the historical value of individual 
as well as collective elements of the defense.

The Archives and Documentation

The primary and secondary sources of research material for the study of 
fortifications are rich. The basic source is Record Group 77, the records of the 
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Office of the Chief of Engineers maintained by the National Archives and 
Records Administration. Consisting of years of correspondence between 
district engineer offices and the Chief of Engineers in Washington, D.C., it is a 
voluminous record set that details the construction and maintenance of the 
fortifications of all periods. Much of it is held in the National Archives central 
collection in the nation's capitol, although locally significant elements have 
been sent to regional archives near the defended harbors. Few scholars have 
done justice to this daunting assembly, although working with the materials 
will reveal not only the techniques but also the reasoning of the designers and 
builders of the fortifications.

Related to the written record is the cartographic collection. These materials 
are also maintained by the National Archives, but have not been distributed to 
regional archives. This too is a complex holding. It contains site plans and 
topographical maps as well as thousands of drawings of individual structures; 
the gamut runs from pencil tracings of contemplated but never built features to 
the exquisite drafting that is part of the ink-on-vellum transfer drawings. Most 
are associated with written records that are contained in the textual collection, 
but it is often difficult to place the two elements together. Despite that difficulty, 
the cartographic materials are exceptionally valuable, and certainly the record 
most useful for the preservation of fortifications is the transfer drawing. It is the 
equivalent of an as-built, and depicts in great detail the nature and function of 
each structure as well as any equipment that had been installed at the time 
the work was completed by the U.S. Army Corps of Engineers and transferred 
to the Army’s artillery force.

The Golden Gate National Recreation Area is fortunate in that it has its own 
extensive and professionally administered archive. Since the materials there 
incorporate the holdings of the post engineer at the time the property was 
transferred to the National Park Service, the collection contains some 
elements that are not included in the National Archives.

The most common form of record associated with structures built in the 1890s 
through the 1940s is a numbered set of forms called 

. Created in 1919 and consolidating information that had been collected 
since 1896, the  covered gun batteries, 
searchlights, electrical plants, plotting rooms, and other important elements of 
the defenses. Form 7 of this set was a small plan of each structure, and 
examples of the Forms 7 for the San Francisco defenses are reproduced in 
Appendix B. Their page-size format and comprehensive nature have given 
Form 7s a reputation for desirability that exceeds their actual value as a 
source of information. The details they contain bear little on questions of 
historical significance, they can carry errors, and the scale of the Form 7 
drawings is so small that they cannot be used for off-sets or construction 
estimates. Despite those limitations, the are 
affirmation that all parts of the defense were considered sufficiently important 
to be the subject of a comprehensive record-keeping system.

Reports of Completed 
Works

Reports of Completed Works

Reports of Completed Works

(1)

A final important primary source is one that is also readily available.
The  are part of the Congressional 
serial set, and they often contain details of fortification construction. The 
reports are condensations or excerpts from the reports of the district 

Annual Reports of the Chief of Engineers
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engineers, and depict the contemporary interest in construction methods as 
well as cost control. The reasons behind any single design decision are 
typically not part of the text.

By far the most useful secondary source, especially for its portrayal of the 
antique technology and practices of coast defense, is the 

. The articles tend toward detail and chronology rather 
than analysis and exposition, but they can be excellent sources of 
information. The Coast Defense Study Group has also supported the 
publication of long out of print volumes important in the history of U.S. coast 
defense.

Coast Defense 
Study Group Journal

Conducting the Research

There are several challenges for those undertaking fortification research. The 
first need, as it is in any research effort, is to pose the right questions, and 
knowledge of the right questions usually comes from familiarity with what 
others have done in the same field. In fortifications, this task is more difficult 
because the literature that considers their historical attributes is very slim, and 
almost anyone attempting a serious examination of the origin and 
contributions of the structures is a pioneer. An additional hurdle is the size of 
the record itself; to thoroughly investigate even the most accessible sources 
requires considerable time and organization. An additional demand is to 
consider the significance of what actually remains of the fortifications 
themselves, and not to become distracted by what is gone. The most common 
effect of this unbalanced perspective is to interpret and evaluate fortifications 
on the basis of the armament they once contained, rather than the attributes 
that survive today. Seeing fortifications as valid historic structures is often 
unaccomplished, and there is a temptation to revert to chronology and detail, 
and trust that the volume of dates and data will somehow intersect with 
historical significance.

Fortifications and systems of fortifications reveal their significance through 
historical and architectural themes. Historical themes are associated with 
unique events in the development of the defenses (Battery Dynamite and the 
importance of the mine defense) or patterns of change (the shift from 
individual designs to standard plans). Closely related are architectural themes 
associated with the contributions of particular engineers (Henry Abbott and 
the configuration of early mortar batteries such as Howe-Wagner) and 
influences from other sources (Cavallo Battery and the experiences of the 
Franco-Prussian War). These themes of significance are not self-revealing, 
and they must be constructed from the raw material contained in the primary 
and secondary sources.

Documentation of Existing Conditions

As suggested by the brief reference to the , the 
documentation of resources was a time-honored practice when the defenses 

Reports of Completed Works
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were active. Our current need for documentation springs from a different 
source. To manage historic properties effectively, we need a fixed point to 
measure our success as well as to evaluate actions that did not go as we had 
hoped. The documentation of existing conditions fulfills that requirement.

The Coast Defense Resource Checklist included in Appendix C is the first 
step in documentation. An adequate record of existing conditions would 
include the elements below and would be compiled by a field team of a 
photographer and recorder. As park personnel maintain the batteries over 
time, they can support continuous documentation and future efforts through 
use of an Action Log (also in Appendix C). 

Coast Defense Resource Checklist

The checklist has several uses. It is a general indication of what features are 
present in an historic resource as well as indicating what deficiencies are 
apparent. It is a basic component of the record of existing conditions because 
it can serve as the document preface and summary overview.

Photographs

In either black and white or color print, 35mm views of the interior and exterior 
provide an image of details large and small. The photographer should take 
pictures of each elevation of the interior rooms and exterior elevations as well. 
Special attention should be taken to photograph small character-defining 
features such as door closures, decorative concrete or masonry, lighting 
fixtures, and architectural millwork.

Photograph Plan

The photograph plan is a sketch of the resource indicating the camera 
direction and coverage for each view. Depending on the complexity of the 
resource, more than one photograph plan may be required for clarity.

Photograph Annotations

Annotations accompany the photographs to identify the view, direct attention 
to particular elements, and otherwise indicate the presence of character-
defining features. These comments can also address colors and markings. 
The annotations convey the impressions of the recording team as it examines 
the resource.

While the four measures of the documentation are basic and should not be 
abbreviated, the record can be enhanced and made more useful by the 
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addition of other steps.

Historic Photographs

Views of the resources when they were in active military use are particularly 
valuable supplements because they portray the defenses as they were 
actually maintained at different periods. They can confirm changes as well as 
identify the origins of paint shadows or equipment fastenings that are 
observable today.

Cartographic Resources

Reproductions of historic plans should be part of the documentation because 
of the range of detail they contain. Because many drawings of fortifications 
are large and may not be suitable for or available as reductions, the 
identification and provenance of those materials could be included as a 
substitute.

Feature Mapping

Feature mapping records observable elements on the horizontal and vertical 
surfaces of an historic resource. These elements include cracks and spalls, 
exposed reinforcing or other metal work, markings, and craft or construction 
details. At a gun battery, the feature map treats each area of surface as a 
separate component of the structure, and begins with the preparation of 
vertical and horizontal base maps for each emplacement. The vertical base 
map depicts in true scale each adjacent vertical surface, so that the map 
appears as a set of contiguous rectangles. Horizontal base maps outline the 
superior slope, loading platform, and if necessary, the parade. Separate base 
maps cover the first and second levels of two-story batteries, and encompass 
interior spaces as well, including the ceiling.

Feature mapping is labor intensive, but it produces documentation that is 
highly accurate and comprehensive. It is also an undertaking that can be 
conducted by trained volunteers. No other technique provides such a 
thorough foundation of information, and the result is invaluable as a resource 
in preparing scopes of work or estimating the cost of repairs. 

Action Log

The action log records continuing maintenance, providing a record of actions 
taken and products used. It specifically references individual battery locations 
with visit dates and pertinent additional comments. 
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Recommended and Not Recommended: A Summation

The 

 (1995) recommend a number of general 
practices for effective preservation of historic structures. As applied to coast 
defense fortifications they are broadly summarized in Table 2 following, and 
draw upon published National Park Service standards for each treatment 
category. 

Secretary of the Interior’s Standards for the Treatment of Historic 
Properties with Guidelines for Preserving, Rehabilitating, Restoring & 
Reconstructing Historic Buildings

Standards for each category summarized through Table 2 are drawn from the 
Secretary of the Interior’s standards for preserving, rehabilitating, restoring 
and reconstructing historic buildings. 

Standards for Preservation

A property will be used as it was historically, or be given a new 
use that maximizes the retention of distinctive materials, features, 
spaces, and spatial relationships. Where a treatment and use 
have not been identified, a property will be protected and, if 
necessary, stabilized until additional work may be undertaken.

The historic character of a property will be retained and preserved. 
The replacement of intact or repairable historic materials or 
alteration of features, spaces, and spatial relationships that 
characterize a property will be avoided.

Each property will be recognized as a physical record of its time, 
place, and use. Work needed to stabilize, consolidate, and 
conserve existing historic materials and features will be physically 
and visually compatible, identifiable upon close inspection, and 
properly documented for future research. 

Changes to a property that have acquired historic significance in 
their own right will be retained and preserved. 

Distinctive materials, features, finishes, and construction 
techniques or examples of craftsmanship that characterize a 
property will be preserved. 

The existing condition of historic features will be evaluated to 
determine the appropriate level of intervention needed. Where the 
severity of deterioration requires repair of limited replacement of a 
distinctive feature, the new material will match the old in 
composition, design, color, and texture. 

Chemical or physical treatments, if appropriate, will be undertaken 
using the gentlest means possible. Treatments that cause damage 
to historic materials will not be used. 

Archeological resources will be protected and preserved in place. 
If such resources must be disturbed, mitigation measures will be 
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undertaken.

Standards for Rehabilitation

A property will be used as it was historically or be given a new use 
that requires minimal change to its distinctive materials, features, 
spaces, and spatial relationships.

The historic character of a property will be retained and preserved. 
The removal of distinctive materials or alteration of features, 
spaces, and spatial relationships that characterize a property will 
be avoided. 

Each property will be recognized as a physical record of its time, 
place, and use. Changes that create a false sense of historical 
development, such as adding conjectural features or elements 
from other historic properties, will not be undertaken.

Changes to a property that have acquired historic significance in 
their own right will be retained and preserved. 

Distinctive materials, features, finishes, and construction 
techniques or examples of craftsmanship that characterize a 
property will be preserved. 

Deteriorated historic features will be repaired rather than replaced. 
Where the severity of deterioration requires replacement of a 
distinctive feature, the new feature will match the old in design, 
color, texture, and, where possible, materials. Replacement of 
missing features will be substantiated by documentary and 
physical evidence.

Chemical or physical treatments, if appropriate, will be undertaken 
using the gentlest means possible. Treatments that cause damage 
to historic materials will not be used. 

Archeological resources will be protected and preserved in place. 
If such resources must be disturbed, mitigation measures will be 
undertaken. 

New additions, exterior alterations, or related new construction will 
not destroy historic materials, features, and spatial relationships 
that characterize the property. The new work shall be differentiated 
from the old and will be compatible with the historic materials, 
features, size, scale and proportion, and massing to protect the 
integrity of the property and its environment. 

New additions and adjacent or related new construction will be 
undertaken in such a manner that, if removed in the future, the 
essential form and integrity of the historic property and its 
environment would be unimpaired. 
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Standards for Restoration

A property will be used as it was historically or be given a new use 
which reflects the property’s restoration period. 

Materials and features from the restoration period will be retained 
and preserved. The removal of materials or alteration of features 
from the restoration period will be retained and preserved. The 
removal of materials or alteration of features, spaces, and spatial 
relationships that characterize the period will not be undertaken.

Each property will be recognized as a physical record of its time, 
place, and use. Work needed to stabilize, consolidate and 
conserve materials and features from the restoration period will be 
physically and visually compatible, identifiable upon close 
inspection, and properly documented for future research.

Materials, features, spaces, and finishes that characterize other 
historical periods will be documented prior to their alteration or 
removal.

Distinctive materials, features, finishes, and construction 
techniques or examples of craftsmanship that characterize the 
restoration period will be preserved.

Deteriorated features from the restoration period will be repaired 
rather than replaced. Where the severity of deterioration requires 
replacement of a distinctive feature, the new feature will match the 
old in design, color, texture, and, where possible, materials.

Replacement of missing features from the restoration period will 
be substantiated by documentary and physical evidence. A false 
sense of history will not be created by adding conjectural features, 
features from other properties, or by combining features that never 
existed together historically.

Chemical or physical treatments, if appropriate, will be undertaken 
using the gentlest means possible. Treatments that cause damage 
to historic materials will not be used. 

Archeological resources affected by a project will be protected and 
preserved in place. If such resources must be disturbed, mitigation 
measures will be undertaken.

Designs that were never executed historically will not be 
constructed.

Standards for Reconstruction

Reconstruction will be used to depict vanished or non-surviving 
portions of a property when documentary and physical evidence is 
available to permit accurate reconstruction with minimal 
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conjecture, and such reconstruction is essential to the public 
understanding of the property.

Reconstruction of a landscape, building, structure, or object in its 
historic location will be preceded by a thorough archeological 
investigation to identify and evaluate those features and artifacts 
which are essential to an accurate reconstruction. If such 
resources must be disturbed, mitigation measures will be 
undertaken.

Reconstruction will include measures to preserve any remaining 
historic material, features, and spatial relationships.

Reconstruction will be based on the accurate duplication of 
historic features and elements substantiated by documentary of 
physical evidence rather than on conjectural designs or the 
availability of different features from other historic properties. A 
reconstructed property will re-create the appearance of the non-
surviving historic property in materials, design, color, and texture.

A reconstruction will be clearly identified as a contemporary re-
creation.

Designs that were never executed historically will not be 
constructed.

With these guidelines, then, we can begin to stabilize, preserve, protect, and, 
with time perhaps, restore, the coast defense fortifications within the Golden 
Gate National Recreation Area. The National Park Service may also choose 
to make the information in this manual available over the internet, inclusive of 
any subsequent revisions or updates, to facilitate public education and wider 
preservation use. 

Table 2

General Guidance Practices for the Treatment of Coastal Fortifications

Recommended Not Recommended 

Temporarily stabilize when needed to 
prevent further deterioration.

Stabilization that detracts from historic 
appearance or promotes continued 

deterioration.

Correct for unsafe conditions. Safety corrections that compromise the 
general historic appearance or alter 

individual character-defining features.

Begin evaluations at the level of 
protection and maintenance.

Immediate, extensive work.
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Identify the character-defining features 
for the fortifications and for their sites.

Undertaking preservation, rehabilitation, 
restoration, or reconstruction without an 

understanding of those features that 
define a resource’s historicity.

Assess the historic materials and 
technologies pertinent to individual 

batteries and their ancillaries in order to 
analyze causes and processes of 

deterioration.

Undertaking more than rudimentary 
protection and maintenance without first 
carefully assessing historic materials and 
technologies. Materials may be further 

damaged or even lost altogether without 
such an assessment. Opportunities for 

understanding historic techniques may be 
foregone.

Test selected sample areas of the 
feature needing treatment where 

pertinent. Allow sufficient time for test 
results to be useful.

Complex repair or restoration without 
testing and evaluation. Especially not 

recommended where chemical reactions 
over time have affected the basic 
materials of the historic structure.

Repair where possible. Replacement where unwarranted.

Retain existing materials and features to 
the greatest extent possible.

Introduction of substantial new materials 
or replacement of undamaged features.

Replace in kind. Replacement not in kind.

Limit activities to parts of features, 
where possible.

Removal of entire features rather than 
selective removal of the isolated damage.

Clean surfaces of historic structures 
only as needed.

Overzealous cleaning that introduces 
chemicals or moisture, or that is 

physically harsh to building fabrics.

Maintain historic paint and texturing 
schemes.

Changing paint and/or texturing schemes, 
inclusive of color, type, and character of 

the known original materials.

Identify and document all introduced 
new materials. Site files, with field 

notes and working photographs, are 
recommended.

Lack of documentation for the 
introduction of new materials.

( )Return to top
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Chapter 3: Character-Defining Features of Coastal Fortifications

 

Plate 11. The quality of brickwork in the 
surviving elements of the 1870s is very high, 
reflecting both the careful selection of materials 
as well as the skill of the masons. Battery 
Cavallo.

Plate 12. Earth was a critically important 
component of fortification construction: its loss 
can distort the intended appearance of a 
structure. Battery Godfrey.

Plate 13. Earth remained a constant in the 
fortifications built after the Civil War. Here at 
the Fort Barry mine casemate, it covered a 
modern structure of reinforced concrete, 
rendering that structure invisible to eyes that 

It is of the highest importance that the artillery 
organizations be encouraged to take pride in their 
guns and emplacements. Everything in and about 
the emplacements should at all times present a spick 
and span appearance. (1)

Looking at the remnants of the fortifications that once 
protected the entrance to San Francisco Bay, it is 
difficult to appreciate what they once were. Slopes 
that were crisp and groomed a century ago are now 
muted by erosion, unplanned and untended 
vegetation, and a web of trails. The massive concrete 
emplacements are separated from their view of the 
sea by walls of trees, and their once-trim parapets 
and traverses are marked with crumbling concrete as 
well as the free expression of a thousand sentiments 
from hands that wielded an equal number of spray-
paint cans. Wooden doors are shattered, steel doors 
are shredded with rust and corrosion. Some 
structures have disappeared altogether.

The atmosphere of neglect disguises one of the 
nation’s most complete and compact representations 
of coastal fortifications. Pushing aside the effects of 
contemporary indifference reveals a rich pattern of 
military architecture. Coastal fortifications were once 
a keystone of national defense, and both treasure 
and talent were invested in their construction. The 
character of the defenses between the 1870s and 
World War II finds expression in the selection of 
location and sites, the choice of materials used in 
their construction, and the manner of their design. 
The location of the defenses moves from close to the 
water and harbor entrances, to distant from them. 
Concrete becomes the preferred building material, 
wholly displacing the earlier preference for brick and 
stone. The plan of the batteries shifts from two guns 
side by side in a single emplacement, to two guns 
each in its own emplacement—separated from the 
other by hundreds of feet. The design of individual 
structures migrates from simple storage to 
sophisticated specialization.

Most discussions of character-defining features have 
as their orientation the conventional structures of our 
community, the commercial buildings and private 
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might view it from the sea or the air.

Plate 14. Concrete often retains evidence of 
how it was placed and finished. Different 
methods can still be seen today, and are 
expressions of building history. Battery Marcus 
Miller.

Plate 15. Exposed concrete was often finished 
very carefully, both for the sake of appearance 
as well as helping to produce a waterproof 
surface. Crows nest, emplacement one, Battery 
Crosby.

Plate 16. The simple contrasting color scheme 
of black and white was basic to early concrete 
fortifications. This interior view of Marcus Miller 
also shows the round-arched ceilings that were 
also typical of the first construction work of the 
1890s.

dwellings that make up our cities and towns. In these 
structures, the idea of materials, craftsmanship, 
decorative details, and interiors have a familiar 
vocabulary because we encounter these buildings 
every day, and we come to know what to expect in 
similar buildings. We also know that architects 
design with such qualities in mind. All of these 
aspects of character-defining features disappear 
when we turn to fortifications. Their forms are 
architectonic rather than architectural, and we need 
to look carefully at their use and history to determine 
the unique nature of their distinctive qualities.

Location and Site

Principal Character-Defining Features 

Since coastal fortifications were built to mount 
artillery, the location of the gun batteries was affected 
by the range of the armament. The ordnance 
available in the 1870s had a range that was short, 
and thus the batteries built at the time had to be close 
to the water. They also had to be close to the 
narrowest area of the harbor entrance. As the range 
of cannon increased, there was greater flexibility in 
where the fortifications could be located.

Change Over Time

The guns mounted in the 1870s had a range 
between 4,200 and 5,000 yards, and as a result they 
occupied sites that were close to the shore. The 
engineers could not afford to sacrifice any of their 
ability to cover a water area by choosing locations 
that might be better from the point of view of 
construction or protection. Typically, the batteries of 
the 1870s flanked a waterway in a long line, in a 
fashion reproduced by West Battery and East 
Battery, or as a defended point such as Ridge and 
Cavallo Batteries. The locations in San Francisco 
were notable in that they were very high; on the north 
side of the Golden Gate, Ridge Battery and Cliff 
Battery occupied positions more than 400 feet above 
the sea. These were enviable positions from the 
point of view of the defenders, giving them the ability 
to fire down on hostile vessels. Batteries at lower 
elevations (although no site occupied in the 1870s at 
San Francisco could be considered low) had to do 

(2)
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Plate 17. The steel doors and window closures 
of Battery Dynamite are among the most 
massive in the defenses, and may indicate the 
replacement of original closures when this 
portion of the battery was converted to a 
telephone switchboard.

Plate 18. Metals—usually bronze, iron, and 
steel—served may specialized uses in 
fortifications, such as this tilting sash at the BC 
Station, Battery Construction #129.

with bombarding the ships from the sides, the above-
water hulls being more difficult to penetrate.

The locations selected for the construction of the 
1890s (and later) often duplicated—and therefore 
displaced—the locations chosen for earlier works. 
Distance from the shore was less of a 
consideration—the maximum range of heavy guns 
had increased to about 12,000 yards with an 
expected "working" range of about 5,000 yards—but 
the sites occupied by earlier batteries were still 
desirable because, given the topography, they were 
the right ones. Height remained the defenders’ best 
ally in implementing the recommendations of the 
Endicott Board. Thus Battery Spencer occupied the 
location of Cliff Battery, Batteries Marcus Miller, 
Cranston, and Godfrey obliterated most of West 
Battery, and Battery Yates found its place on top of 
the Cavallo Battery outwork.

Another aspect of location, as a character-defining 
feature, had to do with a weapon that was one of the 
strongest elements of the defense. Submarine mines 
were powerful deterrents to an attacking fleet, so 
mine fields were carefully located on both sides of 
the harbor entrance. Electrical cables connected the 
mines to the shore, and the mines could be exploded 
electrically at just the right moment. The mine fields 
needed protection, and some batteries occupied 
locations chosen for their view of the mine fields 
rather than positions from which they could bombard 
vessels. Batteries Duncan, Yates, Slaughter, 
Sherwood, Blaney and Baldwin, in conjunction with 
other batteries at Fort Mason and Fort McDowell, 
overlooked the interior mine fields, and together they 
created an internal corridor to the defenses that did 
not before exist. Their positions east of the Golden 
Gate reflected the importance assigned to the mine 
defense. Seaward, batteries of 6-inch guns at Fort 
Scott and Fort Barry occupied positions where they 
could defend the minefields west of the harbor 
entrance.

Locations for the mortar batteries also reflected the 
particular aspects of this artillery weapon. Batteries 
Howe-Wagner, Stotsenberg-McKinnon, and 
Alexander were placed well back from the shore 
because the mortars had a minimum range; locating 
them too close to the shore would create a gap in the 
defended water area. In addition, the engineers 
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preferred to locate a mortar battery behind a large hill 
or elevation that not only obscured the battery from 
view, but also provided it with substantial protection 
from naval bombardment.

The batteries of the 1890s began a trend that 
continued to World War II: the spread of the defenses 
to the north and south to locations that could support 
the defenses in the immediate vicinity of the Golden 
Gate. Fort Miley, the first of these specialized posts, 
occupied a position that denied a sheltered location 
from which vessels could attack the batteries farther 
north. The spread of the defenses was an indication 
that geography could hinder as well as help. The 
same geography that gifted the engineers with high 
elevations also presented them with a difficult 
problem in coast defense—defending a port that was 
essentially a gap in an unbroken coastal scarp. (3)

By the advent of World War II, the range of the guns 
had increased to more than twenty-five miles, and 
the location again reflected the change in 
technology. Gun batteries pushed further outward, as 
did the proliferating numbers of fire control stations 
now required for the long-range cannon. With 
weapons so powerful, there was no consideration of 
their position in regard to the shoreline. Instead, 
location was a matter of selecting the best site to 
make the most of the guns to be mounted there. 
Location in this period also reflects an increased 
desire to take advantage of existing terrain for added 
protection from the air, a new and more deadly form 
of assault than that offered by the warships that were 
the targets of the coast guns.

In addition to the geographic location of the batteries, 
their character was also defined by changes to the 
sites themselves. In the 1870s and through the 
Endicott period, the site improvements were often not 
much more than a cleared space or road to the rear 
of the battery. This feature was often identified as the 
battery parade, a space used to form up the artillery 
detachment before it took to the guns, but it was also 
used as a means of point-to-point communication. 
East Battery retains its parade as a path used by 
visitors today. Battery Spencer features an approach 
road that is a covered way, a conventional feature of 
much older fortifications. Roads and parades were 
often surfaced with crushed rock or brick, or 
compacted clay. Gutters and drains trimmed the 
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edges.

The areas in front of Endicott and Taft works were 
graded flat with a slight angle of depression that 
continued the concrete slope of the battery. Although 
distinct angles in earth were discouraged in the 
1890s as potentially giving away the location of the 
guns, Cavallo Battery was a complete exercise in 
earth shaping. The site and the structure itself were 
made of the same material, and at its completion, it 
appeared to emerge from the earth with a symmetry 
and regularity that made it immediately 
distinguishable from its surroundings. The sites of 
batteries built during the period of air power display 
the great attention that was devoted to duplicating 
natural land forms. The splayed emplacements of 
Battery Townsley are an effective demonstration of 
the care that was taken to work the construction into 
the landscape when regularity might otherwise 
reveal its position. Wherever possible, the site was 
carried over the work through camouflage. Roads in 
this period did not so much connect the elements of 
the defense as they led past them.

There were other site features of smaller scale. 
Stone retaining walls survive at Battery Blaney, and 
the right wall of Battery Crosby extends as a 
retaining wall. The lightly-built structures of the 
Endicott-Taft fire control systems were given a 
degree of protection by modifying the construction 
sites with a depression or surround of earth. The 
early battery commander’s stations for Saffold and 
Godfrey are indications of these practices.

Construction Materials

Principal Character-Defining Features

Construction materials exhibit the adaptation of 
common materials to the specific requirements of 
military architecture; the techniques of construction 
exhibit a high degree of craftsmanship, and in the 
case of concrete, a growing understanding of how 
the material can be used.

Change Over Time

The defenses of the 1870s were distinctly different 

1/22/03 2:36 PMChapter 3: Character-Defining Features of Coastal Fortifications

Page 5 of 12http://www.nps.gov/goga/history/seaforts/chapter3/chapter3.htm



from those that had preceded them as well as from 
those that followed. They were built largely of earth, 
and viewed today, they appear to be sculpted from 
the surrounding terrain. That is a deceptive vision. 
Earth was the material that was used in the greatest 
quantity, but it was earth placed over and around 
armatures of brick, concrete, and stone. The traverse 
magazines were concrete or brick rooms covered in 
deep banks of earth; emplacements featured granite 
blocks to support the heavy muzzle-loading cannon. 
Brickwork faced the parapets and the entry to the 
magazines. These other critical building materials 
were disguised by the mounding of earth around the 
structural elements, and today they have become 
further obscured by lush plant growth.

Earth was the natural choice for a number of 
reasons. As presented in almost every overview of 
the history of fortifications, the American Civil War 
demonstrated that the age of the masonry fortress 
had passed, to be replaced by earthworks that could 
better absorb the force of the more powerful 
ordnance then arriving in arsenals throughout the 
world. They also could be built and repaired more 
easily. Earth remained the best choice in the 1870s 
for another reason—military technology was moving 
forward rapidly, and it was difficult to know what to 
prepare against. The defenses built by the United 
States at that time were intended to be only an 
interim solution. They would do until the nature of the 
threat could be better perceived and the capacity of 
the nation to support a specific type of coast defense 
was better understood, and the designs of proposed 
new guns and carriages could be settled upon. 

The brickwork in this period formed the round-arched 
passageways that connected different portions of the 
defenses. Exposed arch faces were made of 
common brick that was not sanded to shape; mortar 
joints were tapered instead. The craftsmanship was 
at a level equal to other well-built masonry structures, 
and it has contributed to the generally excellent 
condition still apparent today (Plate 11). There was 
little stone. At Cavallo Battery, lintels and sills were 
of cut granite set into the brick walls. East Battery 
contains an indicator of things to come. The groin 
formed by the intersection of two galleries is 
rendered in concrete, not brick. It is a limited 
application of the material, and early evidence that 
concrete was considered simple to fashion into 

1/22/03 2:36 PMChapter 3: Character-Defining Features of Coastal Fortifications

Page 6 of 12http://www.nps.gov/goga/history/seaforts/chapter3/chapter3.htm



complex shapes, more economical than brick and 
requiring less skill.

Earth remained an essential feature in the 1890s. 
Each battery was designed to resist the penetration 
of a projectile, the resistance calculated in so many 
feet of earth placed in front of so many feet of 
concrete. In addition to its protective values, earth 
was graded into the natural contours surrounding 
each structure (Plates 12 and 13). It remained 
equally important in later years, as earth cover 
protected fortifications from attack and observation by 
both sea and air. 

There were some shortcomings. The long side 
slopes of Batteries Howe and Wagner were made of 
clay faced with a deep layer of loam, and then 
planted. Moles and gophers criss-crossed the area 
with burrows, and in the heavy rains of the 1894-
1895 winter, the slopes turned liquid and flowed into 
the mortar pits. After the exhausting work of removing 
some 1,000 cubic yards of material by hand 
andcarried out in pails, the slopes were rebuilt.   
Landslides in disturbed slopes were not uncommon, 
and earth would settle in unanticipated ways or not 
hold the slopes intended for it. The material 
continues to act in the same manner in fortifications 
currently held as historic properties. For example, the 
state of New Jersey recently went to considerable 
expense to stabilize the earth slopes surrounding a 
battery at Fort Mott State Park. 

(4)

(5)

Brick and stone were not part of fortifications built 
after the 1870s. Some defenses on the East Coast 
retained masonry as a decorative element in 
concrete or as an anchor for door hinge-pins, but 
these practices were not incorporated into the works 
at San Francisco. Concrete was the material of 
choice for all modern work. It was rapidly replacing 
stone as a choice in commercial building and paving, 
and seemed ideal for the type of defenses 
contemplated by the Endicott Board.

Concrete was the hallmark of the new fortifications, 
and it made manifest the break with all previous 
techniques of fortification. The construction of new 
works of concrete made it clear that the form of 
American coast defenses had come of age, and the 
selection of concrete as the material of the future 
emphasized how tentative had been the system of 
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the 1870s.

The coast defense weapons of the 1890s were more 
massive, more strongly built, and more complex than 
any that had preceded them. Guns and their 
carriages could weigh hundreds of tons, other 
mechanical devices required electrical power to 
operate, and electricity illuminated the interior of the 
emplacements. These new and sophisticated 
devices required protection from naval weapons that 
were equally impressive, and they also required a 
clean environment. These were qualities that 
concrete could provide better than anything else 
available to the designers and builders. Concrete 
was the material of modernity, and fluid shapes of 
concrete symbolized what was up to date in both civil 
and military architecture well into the 1940s. (6)

Portland cement was used in all the concrete placed 
in the defenses of San Francisco. As a result, the 
fortifications built in the fifty-year period from the 
close of the nineteenth century to the close of World 
War II are notable for the quality of their basic fabric. 
Moreover, they are also distinctive for the finish given 
the concrete. More than anything else, it is the visible 
surface of a concrete structure that best expresses 
the care with which it was built.

Vertical and horizontal surfaces have differing 
character-defining features. Vertical surfaces often 
show indications of the formwork or shuttering that 
was erected to hold the mixed concrete in place until 
it hardened. Sometimes these features were 
disguised or softened by parging the surface or 
sanding it to remove the shuttering marks. Some 
batteries show several of these features together, as 
at Battery Marcus Miller. In that instance, the 
differences in the finish are also indications of a 
difference in construction sequence, the center part 
of the emplacement being completed first to allow 
mounting the gun at the earliest opportunity (Plate 
14). Horizontal surfaces were considered walking 
surfaces and received a different treatment. Often the 
aggregate was a coarse sand of ground granite used 
in many paving applications, and it had a look and 
feel that was distinct. Horizontal surfaces were also 
marked in flags, the division of the plain surface into 
regular shapes by narrow grooves pressed into the 
wet concrete. The purpose was in part decorative, 
but it was also an aid in drainage and the control of 
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surface cracking (Plate 15).

The nature of finished surfaces changed in the 1930s 
and 1940s. The methods of building with concrete 
had altered over the years, and the structures built 
during that time contain reflections of those 
practices.  

Plywood panels replaced the use of individual form 
boards, and specialized hardware (some of which 
remains intact at the ceiling level of emplacement 
two, Battery Construction #129) helped speed the 
erection of the formwork. Surfaces were not parged 
because the shuttering itself tended to leave a more 
handsome and finished appearance. Some 
horizontal surfaces were rendered with a cement-rich 
mixture that left a smooth, almost lustrous surface 
that was unbroken by flags, while other floors were 
completed in a manner that was similar to earlier 
practices.

One of the results of early concrete construction was 
an unusually porous mass, and there were many 
efforts to control water penetration and to encourage 
run-off. These efforts could leave visible marks on 
the defenses, and they are an important aspect of 
their history as structures. While many surface 
coatings were tried, the one that is the most evident 
today is tar, and many horizontal surfaces retain 
surviving flecks and splotches of the tar layer. The 
introduction of the Taylor-Raymond ammunition 
hoists in 1904 brought about significant modifications 
to many existing batteries, including the addition of 
layers of new concrete over the old. The event was 
an opportunity for greater efforts at waterproofing, 
and sometimes layers of sheet lead or tar were 
incorporated into the modifications; Battery Godfrey 
contains exceptionally clear evidence of the practice. 
The forward slope of Battery Godfrey also depicts an 
example of an informal response to the need to 
promote surface drainage as well as to build up the 
surface of a settled mass. Drains of iron pipe with an 
in-fill of local clay saturated with oil or asphalt are the 
distinguishing marks of an expedient repair to a 
permanent structure.

Painted surfaces are also a character-defining 
feature, and paint was applied on both the exterior 
and the interior. In most early batteries, interior 
painting schemes were simple, often little more than 
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a white ceiling and upper walls, with black lower 
walls (Plate 16). The result was a more reflective 
surface that made the most of the limited lighting in 
place, coupled with one that hid dirt and scuff marks 
that were inevitable during use. Exterior colors 
served to dull the surface of new concrete, which 
could be almost white in bright sunlight. The painting 
of Battery Duncan was an exception, and the upper 
walls of the tall traverse were rendered in red to 
better match the clay of its building site.   Battery 
Duncan also contains the fading evidence of another 
feature once common in coast defense practice—the 
painting of a time-range grid on a traverse wall where 
it could be seen by the gun crew.

(7)

Other less prominent materials also contribute to the 
character of the defenses. Wood, bronze, ferrous 
metals, and clay tile all served their own particular 
purpose and were part of the composite.

Bronze frequently found use in hinge-pins, and was 
typically cast into a unit that could be incorporated 
into a structure during its construction. Although the 
doors are missing in some places, the bronze hinge-
pins remain intact, except in those places where they 
have been robbed out of the structure for their 
salvage value. Battery Spencer bears ample 
testimony to the practice. Door closures, where they 
remain, can also be bronze.

The most readily visible use of wood is in the heavy 
doors that close most of the entrances. A wooden 
door built of layers of tongue-and-groove boards, and 
held together with iron straps and through-bolts was 
a typical feature of early magazines and gun 
emplacements from the 1870s through the initial 
years of the Endicott period. They were not a 
universal success, and the intent was to replace 
them with riveted doors of iron and steel.   Newer 
construction included metal doors, and as a result an 
addition to an older battery (the power room at 
Battery Saffold, for example) would carry doors of 
metal while the balance of the battery retained the 
original wooden versions. Fewer wooden doors were 
replaced in the San Francisco defenses than 
elsewhere, perhaps because the generally benign 
climate was more favorable to their continued good 
condition (Plate 17).

(8)

Wooden boards set high on the interior walls of 
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concrete emplacements provided a fastening surface 
for the brackets that held electrical wiring, and 
wooden wiring chases were a common feature of 
many Endicott and Taft structures, particularly in fire 
control buildings. Wood-framed Sewell buildings (a 
typeof construction that called for cement plaster over 
expanded metal lath) were used for many auxiliary 
purposes in coastal fortifications, although none 
have been identified to date in the San Francisco 
defenses. The latrines built for Batteries Stotsenburg-
McKinnon and Duncan were probably of Sewell 
construction; the concrete floors and partial walls are 
all that remain today. Wood plaques also carried 
identifiers for speaking tubes (Battery Crosby has 
one such plaque in place, although it is heavily 
damaged and unreadable) and doors. Wooden 
window sash is also a common feature of the early 
San Francisco defenses, although they were less 
frequently used in other locations of the same time 
period. During the World War II period, wood found 
employment for the interior doors and partitions of the 
Fort Barry mine casemate, the combined mine 
casemate at Baker Beach, temporary magazine 
doors at Battery Construction #129, and other 
locations.

Features of iron and steel are an expected 
component of fortifications. They are character-
defining because of their intended purpose, but also 
because they help moderate what would otherwise 
be a plane of concrete; in addition, they often contain 
a level of detail that is otherwise absent from the 
structures. Most prominent and already mentioned 
are the heavy doors, both single- and double-leaf, 
but also important in their ability to add detail to 
fortifications are the shutters in observation stations 
and telautograph booths, ceiling beams and 
reinforcing bars, trolley I-beams, lighting fixtures, 
curved pipe railings (Battery Kirby), ladders (Battery 
Boutelle), stairs (Battery Marcus Miller), gates 
(Battery Construction #129 and Battery Townsley), 
stanchion and chain railings (Battery Stotsenburg-
McKinnon), window grilles (Batteries Mendell and 
Duncan, as well as others), ventilator openings 
(Battery Crosby), and components of ammunition 
service and supply. Many of the elements are 
damaged or in some cases missing altogether, and 
their current state helps promote the sense that the 
fortifications are of little historical value (Plate 18). 
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Clay tile appears as electrical ductwork (an unusual 
example is in the ramped passage of emplacement 
three, Battery Godfrey) and as a sub-surface 
applique to help move water away from concrete 
walls. That use carried through World War II. Clay tile 
also appeared in one visually distinctive and widely 
used form, and it apparently has but one surviving 
example. Roof ventilators in concrete structures that 
served auxiliary purposes (power plants, plotting 
rooms, storage battery rooms, latrines, and so on) 
were often fitted with a decorative clay cap. These 
were always fragile, and today all are gone save 
one, and it is perhaps the most unlikely survivor of 
all. In the gardens that have been built in the 
remnants of Battery Lancaster, the single example of 
a "Mandary" flue cap stands among the plantings, its 
pagoda-like form making it appear to be a 
consciously selected element of the landscape. (9)

( )Return to top
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Chapter 5: Historic Materials and Maintenance Methods 

Modern-era coast defense fortifications currently within the Golden Gate National Recreation Area range from 
the 1870 earthen barbette East Battery, at Fort Winfield Scott, on the south side of the entrance to the San 
Francisco Bay, to the recently restored Nike missile installation SF-88L of the late 1950s and early 1960s, at
Fort Barry, on the north (Plates 22 and 23). As one might anticipate, the challenges surrounding our 
understanding of the historic materials used to erect such a wide range of defense structures outpace our current 
knowledge. Nonetheless, much archival detail does exist. What follows is an introduction to topics of further 
research, many deserving of future consideration and some, perhaps, of more interest than others in the active
preservation and maintenance of the batteries and their ancillary structures.

Plate 22. East Battery, Fort Winfield Scott, constructed 1872-1876. 
Panama Pacific International Exposition in the background to the
southeast. View of circa 1914-1915. Courtesy of the Park Archives 
of the Golden Gate National Recreation Area.

 

 

Chronology of Structural Events: What was Built When, With What Materials?

Post-Civil War, 1865-1876

Post-Civil War construction methods and materials were characterized by a dependence on brick and stone 
masonry combined with enhanced earthworks. Despite the reduction of masonry fortifications such as Fort 
Pulaski during the Civil War, U.S Army engineers continued to rely on masonry construction through the 
1870s. However, the masonry was used in support of earthworks. The brick masonry consisted of multiple 
wythe brick walls joined by regularly spaced header courses. The brick was set in lime-sand, cement, lime-
sand mortars, or cement-sand mortars and the joints were concave or flush. Spans were accomplished by 
means of segmental arches and vaulting. Wooden slab doors on metal strap hinges provided closure for 
bombproofs, magazines, and casemates. The guns were paired and set on terrepleins behind masonry or 
concrete parapets fronted by earthen berms. Emplacements were separated by masonry bombproofs covered by 
earth, and powder magazines were placed in central locations and reached by vaulted tunnels. The powder
magazines and tunnels were also earth-covered. Earthworks were sodded to combat erosion and to blend the 
fortification with the adjacent landscape.
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Some thought was given to the composition and slopes of the fortification’s earthworks. Civil War experience 
with the bombardment of earthen fortifications indicated that certain slopes, densities, and compositions 
reacted in specific ways to both explosive ordnance and solid shot. 

During the three-year period of 1868-1870, the U.S. Army Corps of Engineers initiated expansion and 
modernization of the coastal fortifications defending the harbor of San Francisco. Although battery 
construction for the harbor as a whole had begun in the early 1850s, on Alcatraz Island, the Army soon 
established a permanent defensive installation at Fort Point and by 1860 had plans for a large fort and 
permanent batteries at Lime Point to the north, and, batteries on Angel Island and at Point San Jose in the 
harbor and to the south. Temporary batteries followed with the Civil War, with that at Point San Jose falling 
into this category. Although the Army had constructed it only six years earlier, the earthen structure, with 
wooden platforms and magazine, was already in severe decay.

Plate 23. Nike Site SF-88L, Fort Barry. Actual view taken sometime between 1965 
and 1970. Courtesy of the Park Archives of the Golden Gate National Recreation 
Area.

 

 

 

 

In 1868 engineers had begun the preliminary site work for the new batteries needed both north and south of 
the entrance to San Francisco Bay. At Fort Point, south of the harbor mouth, the Army completed a 600-foot 
seawall in late 1868 to protect the proposed "eastern battery" [a never-completed water battery], simultaneously 
undertaking experiments with the readily available "building sands" immediate to the harbor, and with Pacific 
Coast cements and limes. At what would be named Fort Baker (in 1897), the Army removed approximately 
165,000 cubic yards of site rock through explosive blasting during 1868 and 1869, with plans for three earth-
and-brick batteries at the water’s edge and on the overlooking bluff. During 1870 to 1876 five batteries were 
under construction within the geographic parameters of this study, with substantial additional activity on 
Alcatraz Island: East and West Batteries to the south and Gravelly [historically, Gravelly Beach; now co-
located with the Endicott-era Battery Kirby and World War II Battery Gravelly Beach], Ridge [historically two 
sites, Ridge and Cliff], and Cavallo Batteries, to the north. These were each open, earthen barbette batteries, 
requiring angled embankments for parapets, terrepleins, and traverses, and incorporating in their construction 
significant cubic yardage of stone, brick, and unreinforced concrete masonry for ammunition magazines, 
arched passageways, and gun mount foundations and platforms. (1) The Army engineered Cavallo Battery to 
an especially high level, considering it nearly a fortification in its own right (Plate 24). 
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Plate 24. Cavallo Battery, Fort Baker, constructed 1872-1876. Plan 
of proposed works. Courtesy of the Park Archives of the Golden 
Gate National Recreation Area.

Foreshadowing technical challenges to come were the details of completing construction. Foundations for the 
gun platforms represented the heaviest construction, and were poured concrete, without reinforcing. Above the 
concrete foundations were the actual platforms, either of granite masonry or timber, with the latter set in the 
concrete. (Granite may have been the choice for mortar platforms, as was the case for the Endicott mortar 
battery, Howe-Wagner of 1893.)  As the gun platform structures were substantially heavier than the earth-
and-brick works that surrounded them, they typically had settlement problems. By 1876, at least at Gravelly 
Battery, the Army poured additional concrete between the separating platform timbers. At Battery Cliff, the 
Army chose not to install the timber platforms at all—due to their known short life—and in early 1893 
completely dug up the concrete foundations of the gun platforms to prepare the site for the Endicott battery 
Spencer. Overall, woodwork employed redwood, oak, pine and sugar pine. Early mention is made of
"asphaltic" and boiled oil coatings for the platforms, and lead painting of the wood doors, presumably for 
damp-proofing. Metal work and plate covers were noted as cast iron. And from the start, the batteries at San 
Francisco had a landscaping element: for the earthen batteries of the early 1870s, exterior and interior slopes 
were carefully sodded. Grass types mentioned in this period included barley and oats, with sodding described 
in "square yards" and assumed to be prepared squares (as distinct from sown seed).

(2)

(3)

(4)
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Endicott and Taft Periods, 1885-1916 

During a long hiatus from the middle 1870s until about 1890, no battery construction went forward for San 
Francisco’s harbor until Congress appropriated funding for the U.S. Army Corps of Engineers to act upon the 
recommendations of the Endicott Board. Beginning with two adjacent installations at Fort Winfield Scott, 
Marcus Miller and Godfrey, in 1891-1892, the years through 1904 saw construction for twenty-nine batteries 
which are still extant and discussed in this manual: nineteen to the south, and ten to the north. This fourteen-
year period witnessed many experiments in strengthening concrete; in more effective damp-proofing through 
applied coatings; in revisions of site excavations and fill; and in landscaping. Limited reinforcing of the battery 
concrete occurred from the first.

In its infancy, concrete construction was crude and experimental. Quality was limited by inexperience in 
storing, mixing, placing, and finishing concrete. Construction details were developed locally based on 
common practice and a limited number of manuals and trade publications. Despite difficult building sites and a 
variety of unstable soil conditions, the San Francisco Bay Area had an abundance of beach sand and gravel 
and suitable stone for concrete aggregates. Water was available from local springs or reservoirs. In order to 
construct fortifications on selected sites, roads and logistical planning were required to transport workers, tools, 
materials and equipment. 

By 1890, the U.S. Army Corps of Engineers had tested various concrete mixes and had a sense of proper mix 
proportions. The dry materials were mixed with water to produce a workable mix of a consistency that was 
neither too dry or too wet. Forms were of horizontal wood planks braced to withstand the weight of the mass 
of wet concrete. Experiments began with imbedded iron streetcar cables and rails, with aluminum-bronze
hold-down bolts. Set in a circular pattern below the gun platform the reinforcing extended downwards fourteen 
to seventeen feet to bedrock, with alternating layers of radiating rails and coils of cable—the Army placed ten 
to sixteen flat rails in a spiral pattern, every two feet vertically. First such experimentation was emplacement 
three, Battery Godfrey, in 1895, with emplacements one and two handled in the same manner in 1896.
(See Plate 10, chapter 2.) Interestingly, even though the Army initiated Marcus Miller before Godfrey, work 
on the gun platforms was in a reversed order. The foundations for the gun platforms at Marcus Miller, 
however, are still recorded as more conservative in the Army annual reports, with no notation of cable-and-rail 
reinforcing. The other sections of the batteries were not reinforced—although they were thought to be 
strengthened. At both Marcus Miller and Godfrey, the Army used a combination of machine-mixed and hand-
mixed concrete, adding to the latter a nearly equal cubic yardage of broken concrete taken from "old
magazines" (presumably from West Battery) and a small cubic yardage of rock boulders.

(5)

(6)

(7) 

The matter of proto-reinforcing is uncertain for the other early Endicott batteries in San Francisco, but it 
appears that the Army used the cable-and-rail experiment a second time at Battery Spencer on the north side of 
the bay, shortly after finishing the platform foundations at Godfrey.   For the batteries that were either in 
construction as of 1897, or still not fully completed, Army annual reports reference the use of steel I beams for 
the roof structures of the magazines—possibly as reinforcement in some cases and for ceiling trolleys. The 
Army introduced the use of steel I beams for battery roof reinforcement about 1895, overengineering the 
technique with beams from four to ten inches wide, spaced two feet apart. The closely spaced beams were 
tied together with steel rods and corrugated metal pans, fitted and sprung between the bottom flanges of the I-
shaped beams. Concrete was then poured over the assembled metal framework. Subsequent variations deleted 
the metal pans and substituted a flat formed and exposed concrete soffit between the beams. Rusting of the 
exposed portions of these beams caused the beams to be entirely covered in concrete so that the soffit appeared 
to be a continuous surface. Spencer may be the only San Francisco battery to use both iron cable-and-rail 
reinforcement for the foundations of its three gun platforms and steel I beams (for the ceiling trolleys of its 

(8)

(9)
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magazines). (See Plate 27, below.) Batteries that used I beams for proto-reinforcement during the 1893-
1898 period included at least those of Spencer, Howe-Wagner, Saffold, Lancaster, Cranston, Boutelle, and
Stotsenburg-McKinnon, and an added guardroom at emplacement one, Godfrey. Isolated use of iron cable
car rails does appear to have occurred elsewhere among the pre-1900 batteries, with a remnant of a pier (of 
unknown original purpose) still in place at Battery Duncan today (Plate 25). These first batteries continued to 
use cast iron for ladders, some stairs, and cranes.

(10)

(11)

(12)
Plate 25. Battery Duncan, Fort Baker, constructed 1898-1899. Pier base at 
rear of emplacement near entry road. Illustrates use of streetcar rails as 
reinforcing.

The evolution of concrete from unreinforced to reinforced, during the period, shows a growing understanding 
of the material and its characteristics. Plain concrete’s primary limitation was a lack of tensil strength. This 
limitation was structural and affected horizontal spans, and therefore the enclosure of space. Prior to the 
introduction of steel into concrete, constructors had begun to understand and solve expansion and contraction 
problems. The use of weakened plane joints to isolate different elements in the construction and the use of 
surface scoring to reduce cracking was understood. Experience gained in mixing and placement of the material 
produced increased efficiency and better quality control. But plain concrete could not be made to span useful
lengths without the benefit of arches or vaulting. For this reason, steel beams were placed so as to span 
between walls. The introduction of steel elements within the body of the concrete changed the material from a 
static compressive material to a material useful in resisting both tension and compression. In addition to 
experimentation with strengthening concrete construction, the Army became more sophisticated in other ways.
Batteries routinely included surfacing layers of bituminous rock, three-to-six-inches thick. (13) 

As of 1892, Army annual reports discuss temporary construction sites accompanying work on the batteries, 
with the comparisons between hand-mixing and machine-mixing the concrete. Specific recipes for battery 
concrete are reported, with further notations as to the physical locations of the regionally-excavated rock, 
gravel, and sand, and mention of the purchased Portland cement by brand name. Of interest, while work went 
forward on Batteries Marcus Miller and Godfrey, the Army made a change from asphaltum floors to ones of 
"sidewalk concrete" (alternately described as "artificial stone" and "granolithic finish."). The floors of the three 
emplacements at Marcus Miller were originally split: those of emplacements one and two were asphaltum, 
while emplacement three was sidewalk concrete. All three emplacements of Godfrey went in as sidewalk 
concrete. (14) 

The Army plastered concrete, inside and out, with top surfaces further coated with a "bituminous paint," and 
with the chemical composition of both the asphaltum and bitumen paint changing as the batteries went 
forward. By 1897, the Army used "paraffin paint" over plastering as a maintenance technique at the
batteries. Another finishing technique tried as of 1896 forewent hard exterior plastering, due to the quick 
appearance of hairline cracking. Workers created a smooth concrete surface by using tongue-and-groove
flooring boards as the final exterior formwork. They then troweled on a two-inch thick layer of concrete mixed 

(15)
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with fine gravel and sand. The surface gravel-concrete layer replaced plasterwork, and was finished with a 
cement wash tinted with lampblack to dull and darken concrete’s generic lightness against the
landscape. At Battery Duncan, set high on an isolated red-rock knoll at Fort Baker, the Army went to 
further extremes to blend the installation with the surrounding land form. Here the walls were visible at a 
distance, and were deliberately tinted red. (Plate 26) 

(16)

(17)
Plate 26. Battery Duncan. Rear of traverse showing fenestration, ladder to BC 
station, and BC station (overgrown at top of elevation).

The Army also experimented with blast aprons—those features protecting a battery from its own blast 
effects—through variations in the extent of the aprons, their respective depths, and the physical composition. 
Trials with asphaltic concrete for blast aprons occurred as early as emplacement one at Marcus Miller. In 
1899 for Battery Kirby, at Fort Baker, the Army built the blast aprons on a composite of natural ground and
fill, attempting to stabilize them by distributing "old flat iron traverse circles" throughout the
concrete. And, generally, a continued experimentation characterized a repetitive treatment for exposed 
battery surfaces—what worked best for minimal blast damage; for keeping out moisture; for achieving a 
reasonable weathering of settlement at the site; and, for accommodating the effects of the microclimate. As
early as 1897, the Army removed the macadam from the upper ramparts (terrepleins) at Battery Godfrey, 
replacing them with concrete pavement. Godfrey had been finished for less than two years. The Army planned 
the same replacement for Marcus Miller. 

(18)

(19)

(20) 

Site excavation for the batteries involved substantial earth moving. Dependent on the underlying soil and rock 
layers for stability, battery sites also demanded a variety of drains and culverts—particularly when clay was 
encountered. The Army prepared the site using plows and scrapers, and by blasting. Day labor removed 
undergrowth and trees. Excavated material not reused in "strengthening" the concrete was typically 
placed in an immediately adjacent dump site. Often the battery was backcovered with sand, in addition to 
earth, for greater protection from artillery fire. Planting the battery slopes continued for these first Endicott 
defenses, sowing oats and barley into a layer of added garden loam, fertilized with manure (Plate 27). 

) (21
(22)

Beginning in 1894, the Army substantially expanded its efforts at the batteries. Personnel began artificially 
watering battery slopes during the dry months in this year. While the Army did adopt this policy nationwide by 
circa 1910, using a hose attached to hydrants located at the site, San Francisco may well have been among the 
first locations to formalize the practice at the batteries—as a byproduct of a higher Army profile achieved due 
to the Midwinter Fair of January through June 1894. San Francisco’s Midwinter Fair, like the Panama-Pacific 
International Exposition of twenty years later, was a world’s fair, intended to showcase the West—with the
Midwinter a directed effort by California to promote itself on the heels of the Columbian Exposition in 
Chicago of 1893. As of 1895, with the mortar batteries at Howe-Wagner, much more complex underlying 
slope work preceded grass sodding, in order to hold steeper 3⁄4 slopes, with benching, blind drains, base 
retaining walls, and gutters. (23) By 1893 the first major ancillary structures associated with the batteries were 
in construction, with one mine casemate completed, and two nearly so. Associated roadways were formally 
designed, with drains and macadam surfacing. At Battery Howe-Wagner, the Army built a seven-foot 
high redwood picket fence 1900 feet in length around the site, treating it with a dull-red lime wash. A
cultural landscape was unfolding.

(24)
(25)
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At about the turn of the century, Army engineers had reached another set of plateaus in the use and 
maintenance of materials, and in detailing, for the San Francisco batteries. By 1900, experimentation in a finer 
quality concrete had occurred. In reorchestrating the mix of sand and gravel for the concrete, engineers 
developed a much harder substance, which in turn encouraged them to omit broken stone in a first trial at the 
small battery Orlando Wagner, Fort Baker. Use of large stone in attempts to strengthen the concrete continued, 
however, with a quarry opened for this purpose at a 100-foot elevation in the cliffsite at Batteries Mendell and 
Alexander in 1901. Simultaneously the Army continued active (26)

Plate 27. Battery Spencer, Fort Baker, 1893-1897. Courtesy of the 
Park Archives of the Golden Gate National Recreation Area.

experimentation with concrete mixes, especially with regards to the selected Portland cement. First mention 
was of the imported Josson & Co.’s Portland cement in 1893, and Josson’s and Gillingham’s in 1896. In
1901, although the Army was still actively relying on two foreign Portland cements (Hemmoor’s and 
Cannon’s), it was also testing an American-made product, Red Diamond, manufactured in Utah. Red Diamond 
came in sacks, unlike the foreign imports which were shipped in barrels, and although of good quality, a 
percentage hardened in the sacks due to dampness. The Army then used these rock-like bags of cement as 
boulders in the subfoundation concrete work at Battery Boutelle. Foreign Portland cements were still the
preferred choice, but clearly the Army was seeking widened choices through active testing of as many brands 
as possible. At Battery Livingston-Springer, engineers tried five brands: Scales, Josson, Cannon, Alsen, and a 
minor amount of Red Diamond. Of these, they used three times as much Cannon as each of the other foreign 
Portland cements. 

(27)

(28) 

At the same battery, engineers demonstrated an enhanced sophistication in their understanding of, and 
compensation for, the planes of weakness that would inevitably manifest themselves once the concrete began 
to settle—due to the inherently heavier concretework of the gun platform foundations. Army 

of 1896 had first described planes of weakness in batteries, with attempted solutions for the settlement 
problems. Initially efforts were focused to create as monolithic a structure as possible, and the planes of 
weakness manifested themselves in unwanted locations. By pouring the batteries in fully separate sections, 
planes of weakness were somewhat predefined. In 1901, engineers in San Francisco additionally 
incorporated lead flashings in the construction at Battery Boutelle—to move the water away from the planes of 
weakness, and thus keep them from becoming a guaranteed conduit of moisture to rooms within the structure. 
At Battery Kirby, at this same time, leaks over the winter of 1900-1901 had forced Army engineers to re-
excavate emplacement one to assess cracking from uneven settlement of the concrete. Engineers concluded that 

settlement had fully stopped they would need to  and apply lead flashings there as well.

Mimeograph 
No.8

(29)

after go back

These issues at Batteries Boutelle and Kirby make a more comprehensive point: learning at the batteries was 
so fluid, with overlapping and varied progress at sites under construction at the same time, that a battery started 
at an earlier date (Boutelle, 1898) could showcase an innovation not found in a battery begun later (Kirby,
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1899), due to a later completion of the first battery (Boutelle, 1901) than that of the second (Kirby,
1900). At the mortar battery Livingston-Springer, under construction simultaneously, the Army tried yet 
another experiment to circumvent settlement cracking and leaks. Here they weighted the battery walls with 
foundation offsets proportional to the expected loads, thus attempting to equalize the loads through the battery. 
At Livingston-Springer, engineers placed sheets of "tarred paper" between the joints of the floors and the 
walls, to prevent their bonding, and to create planes of weakness where they would be least likely to create
unwanted leaks. 

(30)

(31)

At the same time, both at Orlando Wagner, Fort Baker, and just previously at the recently completed batteries 
on the south side of the bay, a shift occurred from wooden doors to ones made of steel sheet metal riveted to 
angle-iron frames. Stairs at the batteries were primarily wood through 1898, with Marcus Miller 
somewhat unusually noted as receiving wood, cast iron, and concrete stairs in that same year, the latter for its 
added guard house. Although concrete stairs did appear as early as 1895 at Battery Godfrey, the Army did not 
incorporate them as a major design feature until 1899, at Battery Kirby. The Army first mentioned adding 
iron handrails for the San Francisco batteries in its 1898 annual report, at Batteries Cranston, Lancaster, 
Marcus Miller, and Stotsenburg-McKinnon, all at Fort Winfield Scott.

(32)

(33)

(34) As such, site safety must have 
become a concern, as handrails were added at existing batteries at about this same time.

Also in 1901, the Army began a radical experiment in its landscaping for battery slopes. Up until this year, no 
mention occurs of any sodding or seeding other than oats and barley, a consistency that appears to have been 
unbroken in San Francisco from the batteries of the early 1870s through those of 1900. In the first year of the 
new century, however, the Army tried alfalfa at Orlando Wagner, and a combination of oats, iceplant
( ), bunch grass ( ), lupine, and gum (eucalyptus) trees at 
Livingston-Springer. 
mesembryanthemum crystallinum arundinario

(35) Since Livingston-Springer was a mortar battery, it challenged engineers through its 
very steep surrounding embankments. Land slides had been a significant problem for the mortar batteries from 
the first winter at Howe-Wagner during 1894-1895.

The experimental solution at Livingston-Springer, like solutions for other continued problems in battery 
construction, showed an advancing sophistication and, literally, the creation of a larger landscape. The Army 
planted 500 pounds of oats to cover the outer slopes of the battery, with significant labor expenditure. With this
solution, the outer slopes seeded themselves very quickly and blended the grassy land form into its 
surroundings as observed from the sea. Army personnel made cuttings of iceplant, which was described as 
already "of very vigorous growth in this locality," establishing it on the inner slopes of the battery. The Army 
apparently did not purchase the cuttings, as the annual report showed no associated cost, but rather had men 
make the cuttings themselves from a site not too far distant. As the labor expenditure was only fifteen to 
twenty percent of that for the oats, it is assumed that the area planted was relatively small. The iceplant, also a 
quick grower that was drought resistant, held the steep inner slopes even more tightly than the oats, and thus 
protected the men and the guns from slides. The inner slopes, however, would have been an intense green 
with closely spaced white or pink flowering—and as such would called attention to the battery if visible to 
enemy ships, unless further camouflaged by a more encompassing (and dense) landscape of iceplant, or of 
iceplant and added low-bush, flowering, shrubs. In its inner placement, this initial planting of iceplant could 
not be seen. Perhaps most interesting of all, the Army planted bunch grass on all barren sandy dunes in the 
near vicinity of the battery. The bunch grass did two things: it prevented the sand from blowing into the mortar 
pits, a danger to the battery, and, it initiated a change in the larger landscape and what would come to be 
perceived as "the natural landscape." Complementing the bunch grass, the Army planted 100 pounds of 
lupine, apparently both buying seed and "gathering" it, and 4,000 eucalyptus trees immediate to the battery on 
the host military reservation. (36)

Efforts at Livingston-Springer in 1901 pointed to a new way of landscaping the batteries. The Army sought 
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not just site stability, but also camouflage. Army personnel created a landscape based upon the immediate 
native vegetation, reorchestrating it at the batteries to include not just grasses, but also denser, low- and
intermediate-height vegetation, and, trees. On the north side of the bay, during 1902, the Army used lupine 
and sagebrush stalks as a "brush foundation" for a 1500-foot segment of road set in deep sand between 
Batteries Mendell and Alexander—indicating that both the lupine and sagebrush, like the iceplant, were 
already actively established throughout the military reservation. At Battery Chester, also in 1902, the Army 
controlled the sand at the installation itself by heavily loaming the sand before seeding the slopes, and by 
planting the barren sand some distance from the battery to bunch grass and lupine.(37) The first couple of 
years of the twentieth century also witnessed heavy road building by the Army, connecting batteries. The 
Army typically macadamized the roads leading to the batteries, but used rock taken from site excavations for 
surfacing between closely spaced batteries. At Livingston-Springer red rock paved the immediate roadway at
the battery. (38) At this same time, the Army also began to landscape the road banks to stabilize the sand, and 
likely to make them less visibly stark. At Chester, the Army bracketed both sides of the road with bunch 
grass. (39)

Although the Army annual report for the defenses of San Francisco harbor contains substantial information on 
battery construction, the information becomes more generic, with less identification of work at explicit 
installations, after 1902. Batteries Chester, Livingston-Springer, and Mendell are nearing completion, and 
Alexander, Baldwin, and Blaney are in active construction. Engineers reached the third plateau for reinforcing 
experimentation at the rapid-fire batteries of this group, those of Baldwin and Blaney. Heretofore the Army 
had specified nationwide that steel I beams were to be used for reinforcing the concrete masonry of the battery 
roofs, with the walls handled variously through differing concrete mixes and inclusion of large rock. Although
structurally sound, the placement of steel I-beams was cumbersome, expensive, and, due to the weight of the 
dead load of the beams, required greater depth and more heavy concrete for coverage. The understanding that 
steel and concrete expanded and contracted at similar rates and the development of sophisticated mathematical 
calculations brought about a better integration of steel and concrete. That integration took the form of critically
placed round, reinforcing rods, later modified to include twisted square bars. Placement of reinforcing bars 
required the construction of a metal armature (or "cage") inside the wooden forms (See Plate 28). By the time 
reinforcing steel bars became common, it came to be understood that the placement of large pieces of broken 
rock added little to the strength of the mix and were difficult to place in the confined space inside the forms. 
Reinforcing bars and the elimination of large rocks allowed more precision in form construction and resulted in 
carefully formed concrete columns, overhead slabs, and superior concrete construction. Army mimeographs 
officially recommended the use of twisted steel for the first time in 1902-1903, with published plans showing 
the size and placements for reinforcement. (40) San Francisco began employing three-fourths-inch twisted 
steel set at one foot centers for its rapid-fire batteries as of 1903. (41)

Endicott battery construction continued for only a few more years, through 1905 in San Francisco, with all 
five of the batteries from 1903-1905 likely employing twisted steel reinforcing: Chamberlin, O’Rorke, Smith-
Guthrie, Yates, and Rathbone-McIndoe (Plate 28). Beginning in 1905 as well, the Army began to widen the
10-inch and 12-inch gun platforms, including those at Batteries Mendell, Kirby, Lancaster, Cranston, Marcus 
Miller, and Chester; this work also used the modern reinforced concrete technology. (42) This type of 
reinforcing was directly traceable to the patents of San Francisco engineer Ernest L. Ransome. Stanford 
University had used Ransome’s bars in its museum of 1891, one of the earliest such major applications. (43)
Just as the Endicott period closed, with a long hiatus in the erection of batteries lying ahead, numbers of steel 
companies and dealers offered the twisted bar as representing the "American system of concrete reinforcing." 
By this date, steel manufacturers added carbon to the reinforcement steel, increasing its strength (Plate 29). 

With increased bearing strength and the flexibility to shape concrete elements it was possible to anchor 
increasingly complex gun mounts directly to concrete platforms. Precision in the placement of anchor bolts to 
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fit gun mounts that were manufactured elsewhere was a necessity. Jigs, templates, and other mounting devices 
were devised to hold the anchor bolts during the placement of concrete. The placement of other inset metal 
items such as maneuvering rings, stair railing, handrails, hinges, and other items required setting and holding 
these items in place during the concrete pour. Setting inset items in concrete was a skill as new as concrete was 
a material. Where voids were cast into the concrete in order to receive inserts, such as handrails, molten sulfur 
was used as a grout. 

Between 1905 and 1917, the Army built no batteries for San Francisco, with a general construction stoppage 
nationwide. During this dozen-year period, Army efforts were largely concentrated on making repairs, further 
enlarging gun platforms, and landscaping. The latter, treatment of the landscape, is of the most interest. In 
1905, Army engineers reduced the steep slopes at the mortar battery Livingston, taking the slope out just over 
six feet and decreasing its pitch from 3:4 to 2:3. The Army replanted the inner slopes again to iceplant for one 
of the mortar pits, seeding the sister pit to Australian rye grass. (44) As both pits had held iceplant in 1901, the 
revegetation marked a change, with a first documented appearance of rye grass. In 1907 the Army noted, after 
inspections of batteries on the south side of the harbor, that in some cases installations still appeared as abrupt 
breaks in the landscape, rather than blending in. For Fort Winfield Scott, in particular, it was stated that in such 
a heavily forested location, trees should be encouraged to grow up and provide concealment. (45) On the north 
side of the bay, Cavallo Battery had become bucolic, looking agrarian in the midst of fenced horse pastures 
(Plate 30). 

As of the spring of 1910, the Office of the Chief of Coast Artillery, in Washington, D.C., issued a 
memorandum taking the position that San Francisco had been approaching since 1901-1902. "Whenever coast 
defenses are hearafter [sic] erected, all exterior slopes of these defenses will be made to conform in aperance 
[sic] as posible [sic] to the surrounding ground, and geometrical contours will be carefully avoided." The 
memorandum directed coast defenses to plant "such trees and shrubs, as can be obtained in the neighborhood 
of the defenses, on the slopes of the defenses and around about them in such a way as to make them as 
effective a concealment of the defenses as posible [sic]… the engineer officer will personally see that they are 
properly cared for, and thet [sic] those that die are replaced when practicable [sic]." The Coast Artillery 
memorandum went on to describe a hierarchy of landscaping that would be most appropriate for camouflage. 
"Tall trees…should be planted in rear of and between adjacent batteries and in rear and on the sides of stations; 
low trees at the foot of batteries, bushes and shrubs on the superior slopes of batteries and low shrubs in
irregular splotches between guns." The memorandum further directed that during seasonal planting, company 
commanders would be responsible for assigned grounds on the military reservation, where they would remove 
native trees and shrubs for transplanting at the batteries. A prescribed fallback position was to obtain 
vegetation from willing local landowners, or to find vegetation suitable to the native landscape and import it. A 
final point established the new formality of battery landscaping practices. The Coast Artillery asked "post 
commanders [to] start small nurseries at which bushes, trees, etc., may be produced and cultivated." Most 
compelling here, the Coast Artillery’s directives are filed with the Stotsenburg-McKinnon emplacement books.
Stotsenburg-McKinnon, like Livingston-Springer and Howe-Wagner before them, were mortar batteries, and 
demanded more sophisticated landscape and camouflage solutions due to their steeper slopes. (46)

Plate 28. Battery Chamberlin, Fort Winfield Scott, 1903-1904. Under construction. 
Courtesy of the Park Archives of the Golden Gate National Recreation Area.
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Plate 29. Advertisement for reinforcing steel in 
, August 1907.

Architect and Engineer 
of California

 

 

 

 

 

 

 

Plate 30. Batteries Cavallo (1872-1876) and Yates (1903), Fort Baker. View of
about 1914. Courtesy of the Park Archives of the Golden Gate National Recreation 
Area.

 

 

 

 

The Army’s efforts at landscaping may well have accelerated in the years immediately before the Panama 
Pacific International Exposition—the world’s fair planned for San Francisco in 1915. The watershed year for 
landscape issues was 1912. At that time, after internal debate, the Army decided to "throw open all the
batteries" for public visitation during the upcoming fair. It had been standing practice to fence the batteries to 
protect them from vandals since early in the Endicott period. Making them publicly accessible also implied an 
active interest in making them attractive—as the Army quite deliberately sought public goodwill and was still
existing without Congressional support for new batteries. (47) The major nursery for the exposition was on the 
Army’s grounds, established at a location in the southeastern portion of the Presidio described as "Tennessee
Hollow." The directors of the exposition had appointed John McLaren, landscape architect of Golden Gate 
Park, as the fair’s landscape engineer. Beginning in early 1912, he organized the collection of specimen plants 
from throughout the Bay Area, ranging from large trees to cuttings of iceplant, for propagation in an exposition 
nursery. After using a temporary nursery in Golden Gate Park, McLaren set up the permanent facility in
Tennessee Hollow, where six greenhouses, potting sheds, a heating plant, and a lath house for small plants 
accommodated preparations for the exposition. (48)

The Panama Pacific International Exposition nursery at Tennessee Hollow of 1912-1914, on Army land, also 
notably supports the April 1910 memorandum of the Coast Artillery—to undertake such small nurseries for the 
propagation of native vegetation appropriate for camouflaging the batteries. And, as it was McLaren’s nursery, 
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that at Tennessee Hollow also indicates a strong likelihood that landscaping efforts on the part of the Army in 
San Francisco would take on the character of the California Arts and Crafts movement. Not only would native 
vegetation be a central feature, but chosen plants would be ones already present in the existing beach and cliff 
landscape near the batteries, with consideration of issues like relative natural textures, and, especially, color.
Horticulture had occupied a special place in the California psyche since its shepherding by agronomist Edward 
James Wickson during the 1890s. Wickson, who had assumed editorship of the  in San 
Francisco during 1875, lectured at the University of California in Berkeley. In 1887 he directed all the 
university’s agricultural lands, and in 1905 he became dean of the College of Agriculture. He published
prolifically, and was well-read by the small farmer and all those who cultivated their own gardens. Wickson 
advocated planting flowers, shrubs, vines, and trees, most notably eucalyptus, around the California ranch 
house. He complemented John McLaren directly.

Pacific Rural Press

Wickson’s books, from  (1889) to  (1915) 
to (1926), went through many editions, and he, like the Army and McLaren, 
talked quite a bit about appropriate landscaping. 

The California Fruits and How to Grow Them California Garden
California Garden Flowers

(49) Wickson described iceplant in detail, noting that "one is 
apt to find [it] installed here and there on the California beaches, wherever it can find a nook out of the sand-
blow and the brine…and grows easily from long stem-cuttings even carelessly covered with soil, at distances of 
a couple of feet each way. It grows very flat…and is popular for covering rocks…" (50) For the fair, as for the 
batteries beginning with Stotsenburg-McKinnon in 1901, iceplant took on a concerted role. McLaren, working 
with San Francisco architect Hart Wood (as chief draftsman for Bliss & Faville), designed a 1150-foot iceplant 
double-hedge running across the grounds, eight feet in diameter and twenty feet high, with a thirty-foot tall 
formal Beaux-Arts arched entry (Plates 31 and 32). Using , an iceplant that
flowered heavily in pink, McLaren and Wood planted 8700 boxes, turning them on their sides for the much-
talked about living wall. The Tennessee Hollow nurseries had nurtured the iceplant cuttings, and in all 
likelihood, the Army’s beaches had served as their source.

mesembryanthemum spectabilis

(51)

Plate 31. Hart Wood and John McLaren, iceplant wall, Panama Pacific International 
Exposition, San Francisco, 1915. Center arched entry thirty feet high. From , 
July 1915. Courtesy of the California State Library, Sacramento.

The Architect
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Plate 32. Wood and McLaren, 1150-foot long, 
living wall of flowering iceplant, Panama Pacific
International Exposition, San Francisco, 1915: 
midground. Frank Morton Todd, 

, 1921. Courtesy of the California 
State Library, Sacramento.

The Story of 
The Exposition
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World War I — World War II, 1917-1945

During the final era of battery construction for San Francisco, that of World War I through World War II, achievements continued to focus on improvements in the
technologies of reinforced concrete, and on experiments in landscaped camouflage. In mid-1915, the War Department convened a board to review coast defenses for 
San Francisco, with several new works projected. Of these, the only sizable project that was built was Battery Wallace, at Fort Barry, begun in 1917 and completed 
in 1921. The War Department aborted other plans. By late 1917, in fact, the Army dismounted the less-effective guns of the San Francisco coast defenses for use 
elsewhere during World War I—primarily the 5-inch and 8-inch guns and some of the 12-inch mortars. During this period, steel reinforcement still focused on the 
twisted bar, with the practice fully accepted following the rebuilding of San Francisco after the earthquake of 1906. In San Francisco, the Pacific Coast Steel 
Company offered "square corrugated and cold twisted, plain rounds and squares," while Woods, Huddart & Gunn advertised "twisted squares, plain squares and 
rounds." Predictably, as was true at the end of the Endicott period, experimental steel bar forms for reinforced concrete construction were also advocated, including 
Havemeyer Deformed steel bars promoted by the Southern California Iron & Steel Company. (52)

Reinforced concrete construction benefited from the development of excavation and grading equipment that made earthwork more efficient. Motorized rollers aided in 
the compaction of sub-foundation base materials and soil stabilization. Special rebar configurations such as stirrups, saddles, dowels, and other fittings had been
standardized. Concrete mixes, free of large ungraded pieces of rock, utilized carefully graded aggregate proportions. Plywood forms were used to form large 
expanses of concrete surface. Chamfers, which first appeared around the turn of the century, were common devices to ease the sharp edges of the formed concrete. 
Improved concrete forms reduced the amount of finish work needed after forms were removed. Where weakened plane joints had been used to isolate concrete 
movement, expansion joints and control joints were "cast in" the larger concrete pour. Real advances, nonetheless, awaited experimentation during the 1920s and 
1930s, when a highly vocal group of talented civil engineers took up the topic of reinforced concrete construction for hydroelectric projects.

These men included individuals prominent in both San Francisco-Berkeley and Los Angeles, who published their work for dam construction both in civil engineering
journals and as circulating offprints. In the Bay Area, discussions by Carl Ewald Grunsky, J.B. Lippincott, Lars R. Jorgensen, John Debo Galloway, Walter LeRoy 
Huber, and Charles Derleth were especially noteworthy. Huber, Galloway, and Jorgensen worked for Pacific, Gas & Electric in San Francisco. Jorgensen, a Danish 
engineer who had emigrated in 1901, was a particularly active discussant regarding the issues of site stability, water tightness, and appropriate amounts of steel 
reinforcement. (53) Army engineers appended some of Jorgensen’s published discussions to their files for Battery Davis, Fort Funston, 1936-1940. The key 
offprint, , addressed stabilization of a site through injecting several chemicals into "the 
mass to be solidified, where they react with one another to form a mortar which binds the granular material or poor rock together, forming a cemented solid mass in 
place." The method was intended to petrify loose ground, "rejuvenate" poor rock, and widen planned foundations—applicable not just to dams, but also to batteries.

Solidification of Sand, Gravel and Granular Materials by Chemical Means

(54)  It was the precursor of today’s soil grouting. 

With Battery Davis, the issues shifted from reinforcement of the concrete foundations and superstructure, to stabilization of the larger site. In addition to the Jorgensen 
offprint, the Battery Davis files included further professional engineering debate and methodology for "cement-stabilization." Army engineer Norman W. Haner, in a 
report of December 1938, argued that the second method, cement-stabilization, was simpler than chemical stabilization, and more reliable, and that both methods 
were more economical than the heretofore-used concrete spread footings. (55)  Cement-stabilization created a cement-solidified backfill, on which the footings then 
rested. Load tests supported the hypothesis that cement-stabilized ground allowed less settlement of the heavy concrete structure than did an untreated base surface for 
the foundations. (56) (See Chapter 10, Sitework: Soil Stabilization.) Appended to the analysis of cement-stabilization were two articles from

, authored by key engineers from the Portland Cement Association, and cost breakouts for its use in the construction of the Spring Street "Soil-Cement
Project" in Redwood City of October 1937. 

Engineering News-
Record

(57) One article, in particular, "How to Process Soil-Cement Roads," set out the process step by step, with illustrations 
for each layer of the process. The Army photographed construction at Battery Davis very thoroughly, including documentary photographs of the cement-stabilization 
process nearly identical to those appearing in —from the machinery pulverizing the base soil, to the spreading of the contents of cement 
sacks, to the mixing of the soil and dry cement, to the spraying of water and the mechanical mixing of the soil, cement, and water, to the final compacting of the mix 
with "sheepsfoot rollers." 

Engineering News-Record

(58) 

Generally, with the batteries of the late 1930s and early 1940s, concrete and its reinforcing met detailed Federal specifications, as did treatments for damp-proofing. At 
Battery Townsley, Fort Cronkhite, for example, the cement was of Class A and Class B types, mixed per cubic yard in proportions of 5.5 bags (517 pounds) to 4.5
bags (423 pounds), with water content also called out precisely at six gallons for the Class A cement and 6.5 gallons for the Class B. Chemical composition for the 
Portland cement adopted standards of the Portland Cement Association, as did the sizing of the aggregates. Reinforcing steel was of Type B deformed bars, set in 
size and weight, and of square and round type. (59)   Curing the poured concrete required fourteen continuous days keeping all surfaces wet, with the battery 
protected from too much sun, heavy rain, or mechanical damage.

The Army accomplished damp-proofing the foundations, and those parts of the structure in contact with replaced fill, by applying an asphalt coating to the concrete 
and constructing a "drainage course of split furring tile on the roof and sides," allowing water to flow away from the batteries into open-tile drains running traversely 
near the concrete footings. (60) Both asphalt and tile met prescribed specifications, with the tile three inches thick for the roof areas and 1.5 inches thick for the 
vertical walls, laid without mortar and with the split cells paralleling the slope for the roof, and, with a sand-cement mortar, the split cells running vertically for the 
walls. A one-foot thick layer of one-fourth inch gravel was allowed as substitution for the roof tile (Plate 33). This method of providing a damp-proof membrane for 
the batteries had been in place nationwide, more or less, since the publication of Colonel Eben Eveleth Winslow’s , of 
1920, with the porous layer established either as tile or broken stone. The Army had first discussed engineering of its damp-proof membranes for San Francisco coast 
defenses with one for Battery Mendell in 1903, noting use of "three-inch book tile." Engineers specified that the book tile be laid on a three-ply felt, tar, or asphalt 
coating, between it and the concrete, and that the tile be covered by a layer of fine dry sand from the neighboring hillside. For Battery Alexander, engineers used "S-
shaped Spanish" tile, set in a heavy mortar on the concrete and covered with a triple layering of straw, six inches of coarse shale from nearby excavations, and 
sand.

Notes on Seacoast Fortification Construction

(61) 

Plate 33. Battery Townsley, Fort Cronkhite, 1938-1940. Under construction, showing damp-proof membrane. Courtesy of the Park Archives of 
the Golden Gate National Recreation Area.

 

 

 

Predictably, experimentation with camouflage vegetation continued with the World War II batteries, with continued positioning on the issue of native plants. In the 
late 1930s, the Army completely cleared a site before beginning construction, leaving trees and shrubbery outside the immediate area. At Battery Davis—a site 
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previously heavily planted to eucalyptus, the 1938 planting plan for the vicinity included small areas of , 825 acacia trees, 1,420 pine trees, 1,070 
eucalyptus trees, and selected areas of kudzu. 

leptospermum
(62) (Plate 34) The maintenance and operations plan from the same time noted that the Army collected and sowed 

seeds, from what it interpreted as plants typical of ("native to") the surrounding area, at the battery itself—including seeds from sagebrush, wormwood, , and 
lizard leaf. For erosion control, and to protect the sown—"native"—vegetation, the Army also planted lupine, vetch, (all members of the pea 
family), and barley mustard. The intentions were to create both a temporary landscape, and a longer-term one. "The foreign plants will prevail for approximately two 
years and then will be crowded out by the native [typical] growth." Immediate post-construction photographs show a palm-like tree and hanging vines at the face of 
the battery, in addition. The Army watered landscaping carefully, with an automated sprinkler system in place, and continued planting and seeding any surviving 
bare spots near the battery. 

baccaris
meliolotus indica

(63) (Plates 35 and 36) The Army also employed netting and a camouflage "mottled" paint scheme. Although not acted upon in 1910, 
Coast Artillery directives of that period had also suggested "the front [of the batteries] will be splashed with different colored paints." (64) As time went forward, the 
Army increasingly addressed camouflage not just from the land and sea, but from the air. 

Plate 34. Fort Funston, inclusive of vicinity of Battery Davis, landscape plan, 1938. From Erwin N. Thompson, , 
1979. 

Historic Resources Study Seacoast Fortifications San Francisco Harbor

 

Plate 35. Battery Davis, Fort Funston, 1936-1940. View immediately post construction, September 1940. Courtesy of the Park Archives of the 
Golden Gate National Recreation Area. 
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The Cold War

Although not formally part of the Army’s construction of batteries, the Nike installations of the late 1950s and 
early 1960s represent a thoughtful addendum in the discussion of historic materials for the coast defense of the 
San Francisco harbor. In response to the realization that the Soviet Union was anticipated to possess an atomic 
bomb stockpile numbering seventy-five to 200 by 1954, the Air Force pressured the Army in 1950 to develop 
an antiaircraft system for placement around strategic sites. After a review of the guided missiles program, the 
Department of Defense accelerated two Army antiaircraft programs, Nike Ajax and Nike Hercules. The Nike 
Hercules guided missile was intended to carry variable-yield nuclear warheads, developed at Sandia
Laboratories and Los Alamos, in New Mexico. As of 1952, both were planned to use the same infrastructure, 
although the upgrading from Nike Ajax to Nike Hercules involved major rebuilding of the missile sites. Nike 
Ajax emplacement began in April 1954, with Nike Hercules replacements underway as of 1958. The Army 
incorporated a final set of Nike developments in the antiballistic missile defense program. The U.S. program 
relied on the Nike Zeus (1956-1963), and thereafter the Nike X (1963-1967), Sentinel (1967-1969), and
Safeguard (1969-1976). San Francisco maintained Nike Ajax and Nike Hercules sites, and was slated for a 
Sentinel site. The deployed Safeguard system used the Sprint and Spartan missiles, with only a single location 
near Grand Forks Air Force Base in North Dakota. The Army intended Nike emplacements to replace gun 
batteries, and as such, the Nikes were the final chapter of coast defenses. (66) 

By 1958 the Army had deployed almost 200 Nike Ajax batteries around U.S. cities and military installations, 
with the Nike Ajax total reaching over 300 sites at the program’s buildout. The U.S. Army Corps of Engineers 
had projected that each installation would require 119 acres, a significant problem in real estate acquisition.
First installations did, in fact, utilize large acreages, and had aboveground launchers. To accommodate a 
smaller, forty-acre installation, however, the Corps’ architect on the project, Leon Chatelain, Jr., designed an 
underground magazine, built for twelve missiles with elevators lifting the missiles to the surface in a horizontal 
position. Three physical areas articulated each Nike battery, with the administrative center coupled with either 
the integrated fire area or the launching area, and with the integrated fire areas and the launching areas 
separated by distances no less than 1000 yards and sometimes exceeding a mile, but visible to one another. (67)
Infrastructure followed patterns established for intermediate range and intercontinental ballistic missiles, in 
development simultaneously: sites used equipment trailers and prefabricated steel structures where possible, 
and were typically quickly erected, but for critical structures, such as warhead storage and assembly structures, 
were nominally hardened. In understandings of the early 1950s, hardening was intended to withstand non-
direct hit, blast effects. As such, tests in Nevada by the Atomic Energy Commission had shown that thick-
walled, reinforced concrete structures were most suitable, but that even windowless cement cinder block 
structures did well. (68)

The Nike site SF-88L, now restored at Fort Barry, was under construction as of 1953-1954, with "Type B" 
underground missile storage structures. Although not researched here, it is likely that the engineering firm
responsible for the Type B storage structure was Black & Veatch of Kansas City. Sandia had hired Black & 
Veatch in 1946 to design the very first atomic weapons storage facilities in New Mexico, and by the early 
1950s the firm consistently designed all such structures for the U.S. military. The Type B structure closely 
followed in name and typology Black & Veatch’s Plant B for the nuclear weapons stockpile and operational 
storage sites, known as Q Areas (due to their restricted Atomic Energy Commission clearance status). Q Areas 
were associated with thirteen U.S. Air Force and Army installations, with selected additional facilities built in 
French Morocco for use by Strategic Air Command. Black & Veatch also typically designed missile assembly
buildings for the Air Force over generations of nuclear missiles, and often undertook the associated design of 
heightened security systems. At SF-88L, the Army made early reuse of existing batteries for the aboveground 
needs in an ad hoc manner, even continuing this approach in its long use of assembly vans and a Butler 
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building as the final missile assembly building in 1962. (See Plate 6, chapter 1.) Yet, such sustained improvised
solutions were common during the Cold War, often running in tandem with permanent infrastructure. By the 
erection of the cinderblock warhead building in 1959 for Nike Hercules, it was understood that all 
aboveground structures would not survive the increased destructive power of thermonuclear warheads. 
Nonetheless, the structure remains cinderblock. The Air Force typically built such structures in reinforced 
concrete, windowless and with identical loading doors, for its missiles at Vandenberg and elsewhere. The 
choice of a Butler structure for the missile assembly building at SF-88L may also be an alternate use of the 
Butler Type III launch shelter for Bomarc, designed in 1958-1959 (Plate 37). 

Plate 37. Nike Hercules Warhead Building, Nike Site SF-88L, Fort Barry, 1959.
Courtesy of the Park Archives of the Golden Gate National Recreation Area.

 

 

 

 

Plate 38. Advertisement for Jossen Portland cement in Architect and Engineer of California, November 1907. 

 

 

Selected Highlights

Concrete Mixes of the 1890s

First mention of the details for the composition and mixing of the concrete for the San Francisco batteries 
occurs in the Army annual reports of 1891 and 1893, with references to the purchase of a 50 horse-power 
boiler, a 35 horse-power Westinghouse Junior Engine, a Gate No.3 rock-crusher, a Stearn’s bucket elevator, 
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and two concrete mixers, a Ransome and a Smith No.3. (69) The machinery comprised the initial "concrete 
plant" for the batteries. Of note, the Ransome mixer was undoubtedly a machine patented by San Francisco 
engineer Ernest L. Ransome, who also patented numerous steel reinforcement bars—most notably that of the 
twisted square steel bar. Concrete used in Batteries Marcus Miller and Godfrey is described simply as made 
with one part cement, three parts sand, and eight parts rock, with gravel sometimes substituted for rock. The 
cement was imported Portland cement, Josson & Company by brand and bought for $2.21 per barrel. Josson’s 
was still a preferred Belgian Portland cement sold in San Francisco as late as 1907 (Plate 38). The Army 
excavated the sand for these first batteries from the Fort Point and Presidio beaches, with rock quarried on 
Angel Island and gravel taken from Gravelly Beach and Horseshoe Cove at Fort Baker (then the Lime Point 
reservation).  (70)

The concrete plant was mobile, set up near the sites under construction, and typically run for weeks or months 
at one location. Although desirable, it was not always practical to make continuous concrete pours due to the 
limitations of labor and mixing equipment. Interrupted pours created divisions in the concrete called "cold 
joints" that proved to be a deficiency that was more pronounced in unreinforced concrete than in the later 
reinforced material. The Army described the mix and pour procedures thusly: "The materials were dumped 
into hoppers feeding to the mixer, which automatically combines them in proper proportions, mixes them in a 
revolving churn, and delivers to boot of elevator, which raises them 32 feet to a hopper over the cars on a 
tramway above the top of masonry." (71) For Battery Howe-Wagner, the Army mixed some of the concrete 
by hand, using the concrete plant for only part of the work, spreading the pours over 1893 and 1894. For 
Howe-Wagner, the Army used rock from a different quarry located at Fort Point Beach, where personnel also 
excavated the needed sand. (72) During the second season, the Army altered the machine-mixed concrete in its
basic proportions to one part Portland cement, 3.46 parts sand, and 9.16 parts rock and gravel, in effect 
increasing the proportion of both sand and rock/gravel to that of the Portland cement used in the mix. (73) 

Specific mixing and pouring at the earliest Endicott batteries in San Francisco was somewhat dependent on the 
reliability of transportation, particularly the shipment and arrival of the imported Portland cement, and on the 
availability of the mobile concrete plant. For Battery Spencer, at Fort Baker, the portable concrete plant again 
did the mixing and pouring via tramway, until supplies ran out. At that point, the Army resolved to add the 
remaining 200 cubic yards by hand mix and pour, once the shipment of Portland cement docked. As of 1896, 
the Army began actively testing all available Portland cements, adding Gillingham’s to its supplies of Josson’s. 
Testing of the Portland cements increased in 1897, with the arrival of division engineer Colonel Charles R. 
Suter. The Army simultaneously continued its practice of partial hand-mixing and partial use of the concrete 
plant. For Battery Lancaster, Fort Winfield Scott, concrete mixing and pouring was exclusively by hand from 
October 1896 into early December 1897, thereafter exclusively by machine. Assistant engineer Captain 
Charles L. Potter described the two processes, hand and machine, in a letter to Suter in late 1897. He noted that 
both processes required a gang of thirty-five men, but that the concrete plant could mix as many as fourteen 
barrels in an hour—at a rate of about four minutes to the barrel. Potter gave concrete mixes as one barrel of 
Portland cement, to one or one-and-one-third cubic yards of rock, to one-half to five-ninths of a cubic yard of 
sand. Army personnel "scraped, loaded and hauled" the sand from an immediately accessible beach. (74)
Concrete at Battery Stotsenburg-McKinnon was also handled by the hand and machine processes, with hand 
mixing and pouring preceding arrival of the concrete plant, and, with completion by hand in very late 
1897. (75)

By Spring 1898, the Army annual reports indicate a full, or nearly full, shift to use of the concrete plant, and 
machine mixing and pouring. Described in detail for construction at Battery Duncan, the process used a 
steam-driven, "cubical" mixer, an elevated hopper, ten or more revolutions of the mixer per batch, and delivery 
by cars "running on a track that extended from the mixer to all parts of the work." Water used was brackish, 
taken from a lagoon in Horseshoe Cove. Typically, however, mix water was fresh. For all except the gun 
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platform foundations, the concrete mix had not changed much: one part Portland cement, three parts sand, and 
eight parts broken stone. For the gun platforms the Army altered the mix to one part Portland cement, three 
parts sand, and six parts rock. (76) Exclusive machine mixing is also the noted process with Batteries Mendell 
and Alexander in early 1901. For this site, the Army excavated a new porphyritic sandstone quarry into the 
face of the site cliff. The Army annual report noted that the particular sandstone was nearly identical to that 
which had been in use for thirty years, excavated for coast defense construction at the quarry on Angel Island. 
A tramway connected the mobile concrete plant to both batteries via gravity. At this site, a train transported 
rock from the new nearby quarry, with a cableway lifting very large stones from the train and positioning them 
into the unreinforced concrete of the batteries. (77) 

For work at the batteries after the turn of the century, the concrete mix definitively changed: one portion 
Portland cement, to two portions sand, to five portions rock for Batteries Mendell and Alexander, and 1:3:6 at 
Baldwin and Boutelle. (78) The Army continued to use the older proportional mix, 1:3:8, only for retaining 
walls at the rear of the emplacements. (79)  During this hallmark year for concrete mix proportions, the Army 
also experimented very heavily with multiple brands of imported Portland cement, and, with the American 
Portland cement manufactured in Utah, all mentioned above. Mixing partially returned to a hand process, 
notably at Batteries Baldwin and Chester. (80) Final concrete character for the batteries of the Endicott period, 
although not definitively either hand- or machine-mixed, also acknowledged what had been learned regarding 
planes of weakness. Any needed below grade site stabilization, discussed below, was handled at 
approximately 1:6:12 Portland cement/sand/rock proportions; the gun platforms and their foundations, at 1:3:6; 
and the remainder of the battery at 1:3:8. (81) 

The proportions that closed the active experimentation of the Endicott years attempted to compensate for 
differing settlement and cracking patterns inherent in the batteries respective parts. The 1:6:12 mix 
foreshadowed the cement-stabilization process adopted during the late 1930s, while the differentiation between 
the gun platforms and the host battery paid respect to planes of weakness. Engineering the final Endicott
batteries as "separate monoliths" at each installation—for example, six at Battery Chester—further recognized 
the role that planes of weakness played in coast defense design. At Chester, the gun platform was one 
monolith (with 1:3:6 concrete mix), while the breast wall in front of the gun platform was a second monolith 
(with 1:3:8 concrete mix). (82) Such lessons would become codified when battery construction re-commenced 
in earnest just prior to World War II.

 

 

Surfacing Schemes: Damp-Proof Coatings; Camouflage Paint, Washes, and Tints

Real discussions of surface treatments for the batteries begin with those of the Endicott period. The Army 
applied coatings to the battery surfaces primarily for two purposes, to try to keep water from seeping into the 
structure or from causing metalwork to rust, and, to disguise the installation against its setting. Earliest
references focus on the issue of dryness. The Army typically treated the top surfaces of the exposed concrete 
masonry and the outdoor floors with a three-to-six-inch thick layering of bituminous rock, sometimes also 
called asphaltum, in the first designs. (Such treatment for flooring was present in San Francisco’s earth-and-
brick batteries of the early 1870s. (83) Walls, inside and out, were given a coating of hard plaster. (84) At both 
Batteries Marcus Miller and Godfrey, the Army also coated the hard plaster finish of the magazine upper 
surfaces with a bituminous paint. For Howe-Wagner, the exposed hard plaster exterior wall surfaces and 
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arches of all rooms and passages were "painted with bitumen," as were the exterior surfaces of the structure to 
be covered by sodded earthen slopes. To drain water away from those parts of the battery in contact with soil,
the Army placed a layer of sand between the bitumen paint and the earthworks. (85) First mention of any kind 
of color treatment came with the fencework for Battery Howe-Wagner in 1895, where Army personnel 
applied a "dull-red lime wash," mentioned above.

At mid-decade, experiments with coatings began to accelerate, with the intent broadened from just achieving 
damp-proofing, to one including steps toward camouflage. Effective water resistance was, however, still 
uppermost. When the Army began to add the three-inch layer of asphalt to the parapets, blast aprons, and 
magazines at Battery Godfrey in July 1895, personnel discovered that multiple small cracks appeared in the line 
of fire for emplacement three. For emplacements one and two, the Army selected a softer bitumen, to create a 
"more elastic" asphalt covering, noting that blast effects required surfacing distinct from that of street 
pavements. The mix for battery asphalt at the San Francisco coast defenses at this time was eighty-five percent 
sand to fifteen percent bitumen, prepared at 300 degrees Fahrenheit. Men spread the asphalt layer with hot 
shovels and rakes, first treating the concrete surfaces with a coating of hot bitumen paint. The bitumen paint 
was intended to encourage the bonding between the concrete and the asphalt. Final application steps used 
rollers, with an initial compacting by a 300-pound machine, and a second compacting by a 1000-pound 
machine. Further experimentation with asphalt continued with the blast apron at emplacement one, Marcus
Miller. Here the Army added asphalt directly to a concrete-like mix, using sixty percent broken stone, thirty 
percent sand, and ten percent bitumen, and then covering the apron with the traditional three-inch layer of 
asphalt. (86) Mixtures soon addressed not just damp-proofing, but also disguise. At Battery Spencer, personnel 
mixed higher amounts of sand in with the asphalt before application to the exposed top surfaces, creating a
somewhat mottled and textured surfacing. At Marcus Miller, also discussed above, personnel applied a "wash 
of cement colored with lampblack." The tinted wash was intended to dull the reflection of light off the exposed 
walls, thus helping to hide the battery against the landscape. Use of a lampblack-tinted wash became standard 
Army treatment for its batteries nationwide. (87) 

Beginning in 1897 and significantly increased in 1898, Army annual reports again discussed new surface 
treatments. First mentioned is "paraffin painting," as an 1897 treatment at Batteries Lancaster and Saffold, both 
at Fort Winfield Scott. (88)   Application of hot paraffin as moisture-proofing had first been tried with an 
outdoor monument in Central Park, New York, in 1879, with a variety of "cement and stone waterproofing 
solutions" available commercially in the early years of the twentieth century—some effective, some less so. 
For example, in San Francisco during 1907, the Paraffine Paint Company offered the Pabco Damp-Proof 
Compound for "coating cement and brick walls." (89)  (Plate 39) The Army continued to apply paraffin paint 
to the walls of Batteries Cranston, Howe-Wagner, Stotsenburg-McKinnon, and Duncan in 1898 and 1899, 
listing thirty-three gallons priced at $33 for the work at Howe-Wagner. (90) Paraffin paint appears to have 
been a replacement for bitumen paint, used by the Army to treat all battery surfaces "in contact with the 
earth"—either direct concrete or plastered surfaces. For the latter, a gallon covered eight square yards of wall in 
a single coat, or, six square yards of wall in two coats. (91) In 1902 at Battery Chester, the Army moved 
toward a true moisture membrane, applying the paraffin paint and placing a course of rock between the battery 
walls and the earthen cover. Archeologists discovered a cobble layer also serving this same damp-proofing 
purpose at turn-of-the-century Battery Baldwin. (92) 

In this same year, the Army begins to mention "whitewashing" for the San Francisco batteries, specifically for 
these same three batteries, and at Marcus Miller. Whitewashing was also adopted Army-wide, with published 
mimeographs and circulars giving suggested chemical formulas. Whitewash was the counterpoint to 
lampblack—used to lighten interior walls and ceilings just as lampblack was employed to 
darken exteriors. (93) The formula for Army whitewash at Battery Duncan is given as one barrel lime, one 
pound bluing, one pound potash, and 10 pounds Russian tallow. "The tallow is melted and mixed with the 
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potash and the mixture is added to the lime during the process of slaking. The bluing is dissolved in water and 
added to the slaked lime, the whole being thoroughly stirred and then screened through a sieve having at least 
10 meshes per linear inch to remove lumps." (94) Painting the metalwork, too, became a concern at the turn of 
the century, with initial mention the protective painting for the I beams at Battery Cranston. California 
architectural journals of the period listed iron oxide paints and boiled linseed oil as rust inhibitors, noting that 
the best effects were had when a final black varnish coating of "pitch or asphaltum" was applied. (95) As of 
1903, the Army had turned to a portable sand-blaster, devised by the Rix Engineering Company of San 
Francisco, to first clean the metalwork of the Bay Area batteries, then adding a "priming coat of red lead" and 
leaving it to weather. (96) 

 

Plate 39. Advertisement for the Paraffine Paint Co. 
in , November 1907.Architect and Engineer of California

 

 

 

 

 

 

 

The most remarkable innovation in surface treatments at the San Francisco batteries, however, came in 1899 at 
Battery Duncan. Under the direction of division engineer Suter, the design of Duncan was the first of the San 
Francisco harbor defenses to demonstrate a more sophisticated camouflage. The battery stood out against the
skyline, on an isolated knoll. To blend the man-made form with its site, Army engineers called for the walls to 
be "tinted to correspond with the color of the spoil bank surrounding the battery." The applied wash was a mix 
of cement and water, to whitewash consistency, to which was added "Pecora mortar stain, yellow ocher, and
lampblack in such proportions as to produce as nearly as possible the dull red color" of the site. (97) Army 
engineer Winslow noted that the Army frequently did add "powdered blue stone" or "powdered red stone" to 
concrete surface treatments as a darkener, akin to the use of lampblack, but does not mention when this 
practice came into being, and whether it was typically a generic attempt at darkening, or, as at Duncan, a
deliberate matching of the landscape. (98) 

A final surface treatment adopted by the Army nationwide for its batteries pre-1920 was the use of boiled 
linseed oil. In San Francisco, the Army applied two coats of boiled linseed oil to battery roofs and the tops of 
parapet walls, "allowing the cement to absorb all the oil it will take." A third final coating consisted of boiled 
linseed oil mixed with "Prince’s metallic brown." While these treated surfaces were still wet, Army personnel 
spread screened, dry sand over the oiled and painted surfaces. Slow drying, the sand and oil-paint layer 
hardened as a single unit, and provided both camouflage and an improved walking surface. (99) The Army 
used boiled linseed oil, generally, to darken its coast defenses, and as in San Francisco, sometimes added 
pigment. The oil was thought to also help waterproof concrete, but was discovered in the early twentieth 
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century to often injure it. Linseed oil was found to be very damaging to any hard plaster layer, dissolving both 
the plaster and the bond between the plaster and the underlying concrete. The actions of linseed oil were
observed as very slow, and even as late as 1920, Winslow advised caution in using oil and recommended 
strongly against oil-based paints when water-based paints could be had. (100)

After the long hiatus between the Endicott batteries and those of World Wars I and II, many of the surfacing 
treatments attempted early on had become formulaic. Membrane coatings of asphalt were standard for those 
structural concrete elements to be earth covered, and concrete surfaces were grouted and polished for plaster 
applications (Plate 40). In maintaining Battery Davis, the Army advised against any interior painting of 
exposed concrete. If that proved necessary, directions were to wet the walls, and mix white Portland cement 
with black iron oxide for a gray color scheme, or, with yellow iron oxide for a cream color scheme. When the 
interior surfaces were to be repainted, the Army indicated that any earlier oil paint or Portland cement plaster 
be removed with muriatic acid first. The late-1930s interior paint scheme of gray-and-cream was exactingly 
noted for Battery Townsley: a gray, five-foot dado for all rooms, with the remaining wall and ceiling surfaces 
painted cream. (101) Treatment for all exposed iron and steel work began with wire brush cleaning, or other 
abrasive cleaning, and then, as had been true at the turn of the century, included one or more applications of red 
lead paint. This technique had also been in steady use for maintenance of highway bridges since at least 1919, 
with formulas at that time suggesting eighteen pounds of red lead to one gallon of linseed oil. (102) The Army 
camouflaged outer walls with a mottled paint scheme, with no maintenance painting planned. World War II 
color schemes found at Batteries Dynamite, Wallace, and Townsley were green, ochre, and brown, 
respectively. (103)

 

 

Site Preparation and Issues of Settlement: Excavations and Fill

From the very first, erecting coast defense fortifications required massive earth movement, with significant 
excavations and backfills. At the close of 1870, the Army had embanked 29,586 cubic yards of earth for East 
and West Batteries on the south side of the bay, (104) while during early stages of site work for Cavallo 
Battery in 1875 the Army removed a nearly equal amount of dirt, rock, and sand: 24,000 cubic yards. (105)
Settlement was a continuing problem even before batteries were completed: at Ridge Battery—where initial 
construction had necessitated heavy earthen fill of 15,000 cubic yards, settlement was already compromising 
the installation in 1875. The situation forced the Army to add 2,100 cubic yards more material to the site. (106)
Following the fifteen-year hiatus until construction renewed in the early 1890s, not much changed. Before 
1892 ended, Army engineers had poured 20,000 cubic yards of concrete at the excavated sites for Batteries 
Marcus Miller and Godfrey. The Army report for that year commented: "Much back filling has been
executed." (107) 
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Plate 40. Townsley Reserve Magazine, Fort Cronkhite, 1938-1940. Grouting and
polishing of reinforced concrete, before final surfacing. View of January 1939. 
Courtesy of the Park Archives of the Golden Gate National Recreation Area. 

 

 

 

 

Often excavated materials were reused for backfill, at the front and rear of the battery site. Excavation of the 
roadway and parade area at Batteries Marcus Miller and Godfrey provided fill for front slopes. Battery plans of 
these Endicott-era installations called for sand as additional fill to protect the seaward-facing emplacements 
from artillery damage and to shield the bitumen-painted concrete work from direct contact with wet earth and 
clay. Usually, sand for fill at the battery sites was hauled from nearby. At these two batteries, sand came from 
the Fort Point Beach and from dunes in the rear of the installation. In order to accommodate sodding and 
seeding the protective fill of the battery slopes, the Army applied a final layer of loam. Marcus Miller’s and 
Godfrey’s loam came from excavations to the rear of its site. In all, the Army excavated 10,004 cubic yards of 
site materials for the two batteries during 1892 and 1893, with 23,946 cubic yards of fill—19,922 cubic yards 
earthen and the remainder, sand. (108) For Battery Howe-Wagner, initial site preparation featured "plowing 
and scraping on the shallow portions" and "blasting on the deeper ones, with 10,781 cubic yards of 
preliminary excavation. (109) By the end of fiscal year 1894, the Army had excavated a staggering 32,324 
cubic yards of site materials at Howe-Wagner, with a large proportion of rock in the yardage. Total fill at the 
installation, at that time, was 44,124 cubic yards: 6,714 cubic yards of loam; 4,136 cubic yards of sand; and, 
the remainder, presumably, a combination of rock and earth from the original excavations on site. (110)

Foundation work at the base of site excavations, and generally effective drainage, were immediate Army 
concerns for the coast defenses. For Battery Godfrey, excavations to thirteen feet for the foundations of the 
gun platforms uncovered a yellow clay that was particularly unsuitable as a stable base when wet. To 
counteract this condition, Army engineers placed an open concrete drain, layered in gravel, around the base of 
the concrete gun platform foundations. (111) Drainage was an even greater issue for the steeply-sloped mortar 
installation, Battery Howe-Wagner. Following very heavy rainfall during the winter of 1894-1895, the Army 
experienced its first major recorded landslide at the San Francisco batteries. In January 1895 more than 200 
cubic yards of embanked clay and loam slid into mortar pit one, with another 800 cubic yards cascading into 
pit two—completely burying the platforms under construction with mud and water. Gophers and moles had 
honeycombed the topmost seeded loam of the battery slopes, allowing water to saturate the embanked earth. 
To correct the situation, Army engineers installed a new drainage system during the spring and early summer. 
They benched the underlying clay slopes, laying them with blind drains, and redressing the top with equal 
parts loam and sand. Engineers then designed a low, 322-foot long, concrete retaining wall and 1,135-foot 
gutter at the base of the magazine slope, with another blind drain discharging into the weepers of the base 
gutter. (112)

For Battery Duncan, beginning in April 1898, the Army re-engineered the soft red rock ridge site at Fort 
Baker. Excavating sixteen hours daily into mid-May, personnel altered the natural slope, sinking a water tank 
into the ridge above and behind the battery. The Army annual report noted that "[m]uch grading was required 
in trimming off the ridge in front of the battery." (113) The Army removed the rock by blasting, with the shifts 
running from 4am to noon, and noon until 8pm, with two crews of men. The blasting teams used large oil 
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lamps to illuminate the site after dark. The substantial grading in front of Battery Duncan, not surprisingly, 
accommodated the field of fire. To facilitate Battery Duncan’s straddling of the ridge, work crews also built a 
2,400-foot long road, connecting the existing lower road to the ridge site. Evocative of its time, the new road 
to the battery climbed at a 6.67 percent grade. (114) 

Prototypical cement-soil stabilization at San Francisco battery sites is first encountered in 1901, with 
discussions for Battery Baldwin at Fort Winfield Scott. Engineers excavated the site more deeply in the front 
than in the rear, using horse-drawn scrapers and plows to loosen and clear the sand and clay. Excavated 
material was entirely sand at the front of the site (down seven feet), while at the back (down fourteen feet) it
included both sand and moderately hard clay. At the northeast corner of the immediate site for the installation, 
sand extended below the intended foundation. To achieve a firm base at this corner, excavation continued 
below grade, down to clay. Engineers then backfilled the corner area with a rough concrete mix, in the 
proportion of one part Portland cement, five parts sand, and twelve parts rock/gravel.(115) Army personnel 
undertook a similar approach to site stabilization at Battery Chester in July the same year. Here the problematic 
corner was that of the northwest, with the excess excavation up to the main floor grade backfilled with a 
concrete mix of 1:6:12. (116) As of the autumn of 1902, Army engineers carried the subgrade concrete 
stabilization work further, with enhanced footings for Battery Mendell. The base material was a porous mix of 
sandy soil and clay at grade. To offset this condition, engineers devised a general concrete foundation over 
three feet deep, rather than a then-typical feature of one foot depth. (117) The "foundation" was completely 
unreinforced by iron or steel, although mention is made in Army reports that this was by reason "that there 
were no old rails on hand, nor could any be obtained in the market cheaply at the time." (118) 

By the time of the World War II batteries, soil-cement stabilization around reinforced concrete foundations was 
standard, drawing upon lessons learned from both the engineering of concrete dams and soil-cement 
highways. Nonetheless, virgin battery sites still required massive amounts of excavation and backfilling, with 
completed installations literally implanted into the land (Plates 41 and 42).

Plate 41. Battery Townsley. Initial construction, January 1938. Courtesy of the
Park Archives of the Golden Gate National Recreation Area. 

 

 

 

 

Plate 42. Battery Townsley. Immediately post construction, July 1940. Test firing 
gun no. 2. Courtesy of the Park Archives of the Golden Gate National Recreation 
Area. 
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Landscape: Cultivation of Native Vegetation versus Imported Plants and Trees

The coast defense fortifications for the San Francisco harbor raise a variety of questions focused on landscape. 
Landscapes exist as constantly changing over time. They vary with sustained microclimatic conditions such as 
long-term drought or multiple wet-year periods. Man-introduced alterations to waterways; cultivated fields;
forest removal; and chemical usage are just a few other factors that can precipitate shifts in landscapes many 
miles away. Birds, rodents, and animals—as well as the wind—can accentuate change in progress. Landscape 
layers, as slices of chronological understanding, are important to batteries. In order to interpret the landscape
designed—and redesigned—for the batteries, a benchmark landscape might be useful. Deeper analysis of the 
meaning at a battery landscape to its designers, in its own time, would also offer insights. Terms like "native," 
in particular, may range in intent from "typical" to "indigenous." Larger landscape movements, like that of the 
Arts and Crafts and the back-to-the-land movements of the 1890s-1920s, too, affected battery landscape 
design. These issues, and doubtless others, should be addressed in future studies at the Golden Gate National 
Recreation Area. 

Engineer Winslow, in , summarized Army-wide policies on 
landscaping the batteries before 1920. He noted that the practice of landscaping was a very old one, with 
respect to grasses. "The custom of sodding the slopes of fortifications originated many, many years ago and at 
a time when the range of gun was so small as to make an attempt at concealment unnecessary." Winslow 
commented, however, that from the first both sodding and seeding grasses tended to call attention to the 
batteries, as the manicured appearance was overly conspicuous. He stated that Army policy formally had 
changed in the early twentieth century ("some years ago") to include planting "trees between the batteries and 
the shore" and "fine bushes, shrubs, and small trees…along the outer slopes of the batteries." Winslow 
distinguished between "sodding" and "seeding" as methods to hold a newly established earthen embankment 
in place, with sodding common in the northern states, and seeding or transplanting elsewhere. As an example, 
he noted that the Army planted Bermuda grass tufts, watering them artificially, to create a sod on batteries in 
the South. Installing hydrants for watering the battery embankments through dry seasons appears to have 
become Army policy in the early twentieth century.

Notes on Seacoast Fortification Construction

Winslow exemplified Army attempts with a multi-tiered landscape at, and in the vicinity of batteries, through a 
deliberately "experimental" emplacement at Fort Morgan, Mobile, Alabama, in 1915. Before the landscaping, 
a natural vegetation did exist at the site, inclusive of "irregular splotches of vegetation, bushes, wild grass, small 
trees, etc."

In building the emplacement care was taken not to injure any of the bushes or 
vegetation in the neighborhood. The emplacement itself was given a generally
rounded contour not unlike that of most of the sand dunes. The sand used in the 
parapet was that taken from the vicinity and appeared just like the sand exposed in 
the dunes. In order not to make the area of bare sand around the parapet too large and 
thus too conspicuous, a number of bushes were transplanted from neighboring sand 
dunes and were made to grow on the parapet so that in its general appearance from 
the sea there was nothing to distinguish the emplacement from the sand dunes in 
which it was placed. (119) 
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In addition to the landscaping, the Army added a burlap netting to the parapet of the Fort Morgan battery, 
coating it with a sand-and-cement grout. Winslow concluded his discussion by praising the combined 
landscape-and-burlap treatment as effectively hiding the battery in the dunes, from ranges as far away as 5,000 
yards. He also noted that the time was coming when the Army would need to conceal batteries from the air, 
with "modern development of air craft." (120) These issues would all surface for the coast defense 
fortifications in San Francisco as well.

Can a pre-existing pattern of vegetation, a pattern of vegetation characterizing the landscape immediately 
before construction of a battery, be established? Can, or should, patterns of vegetation be assigned to temporal 
periods, with change occurring due to both man and to nature? Were some plants introduced into California so
early that by the time of the batteries they were essentially a part of the immediately pre-existing landscape? 
And, as such, thought of as "native?" Are some plants considered indigenous in one period of time, and 
"introduced" in another? Such a situation would make the interpretation of period terminology of critical 
importance. When and where did seed gathering and cutting (for landscaping the batteries) occur on the
military reservations associated with coast defenses? When and where were nurseries established for 
propagating vegetation for the batteries? How frequently did man-made drainage and watering systems 
accompany landscaping the batteries? In what periods? What were the truly exotic plantings at the batteries, 
vegetation never considered to be native to the area? When did the Army coordinate landscaping with 
camouflage painting and/or net schemes?

For reference, landscape treatments known to have been in place at the San Francisco batteries are summarized 
in Table 3 below. Two plantings appear to have been interpreted as indigenous in one period and introduced 
in another—thus having conflicting columns of data. The table is intended to reflect the opinions current during
the periods when the listed plantings are known to have been in place at the batteries—not to indicate 
professional assessments of "native" and "introduced" today. 

 

Table 3

Landscaping at the San Francisco Batteries, 1870-1944
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Period in
Active Use

Planted 
on Site

Considered
Indigenous

Considered
Introduced

Considered
Temporary

Barley 1870- circa
1902 Yes No Yes No

Oats 1870- circa
1902 Yes No Yes No

Alfalfa 1901 Yes No Yes No

Iceplant 1901-1905 Yes Yes Yes No

Lupine 1901-1938/44 Yes Yes Yes ?

Eucalyptus 1901-1938/44 Yes No Yes No

Bunch grass 1901-1902 Yes Yes No No

Sagebrush 1902[?]/1938 Yes Yes No No

Rye 1905 Yes No Yes Yes

Leptospermum 1938/44 Yes ? ? No

Acacia 1938/44 Yes No Yes No

Pine 1938/44 Yes No Yes No

Kudzu 1938/44 Yes No Yes No

Wormwood 1938/44 Yes Yes No No

Baccaris 1938/44 Yes Yes No No

Lizard Leaf 1938/44 Yes Yes No No

Vetch 1938/44 Yes No Yes Yes

Mustard 1938/44 Yes No Yes Yes

Meliolotus Indica 1938/44 Yes No Yes Yes
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Historic Maintenance Methods and Issues in the Recent Past

Over the past 10 to 20 years maintenance methods used at the San Francisco batteries have focused on 
practical solutions to problems at hand, with substantial deferred work. Actions taken have included isolated 
replacement of handrails; painting of handrails to retard rust; adding some new hinges; sealing and welding 
selected wood and steel doors; attempts at graffiti removal; latex painting-out of graffiti; selected installation of 
lighting and security doors; selected removal of asbestos and lead paints; spot carpentry; occasional weed 
cutting; selected experimentation to remove lichen; some erosion and drainage work, and, security fencing of 
sites attractive to vandals. Such actions are reasonably inferred as probable maintenance practice historically, 
with specific methods those most common and expeditious at the time. Army maintenance, in particular, may 
have followed the published directives of the Coast Artillery. Personnel of the Coast Artillery were those men 
responsible for upkeep at the batteries. Future studies might review Coast Artillery records for San Francisco 
to glean further information on historic maintenance practices. A final probable source of useful references is 
likely the , which is understood to have published several articles between World War I 
and World War II on the caretaking of batteries.

Coast Artillery Journal
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19, and 
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Chapter 6: The Design of Concrete Coastal Fortifications 

Many authors have described the fortifications that once protected San Francisco and have commented on their 
richness as historic properties. The comments are in part a response to the quantity and variety of defensive 
works that have survived to the present. From the landmark qualities of Fort Point, through the simple shapes 
of the 1870s, to the manifold types of the 1890s, and concluding with the subtle forms of the 1940s, it is a 
collection of great number. As collections go, it is also disquieting since there is nothing here to indicate the 
evolutionary nature of fortification design and construction. The structures of each period appear unique unto 
themselves, claiming no antecedents and leaving no descendants. They create the impression that their 
designers drew only from within themselves for inspiration, if inspiration was called upon at all, and that their 
later fellows tore up existing notes and drawings to begin wholly anew. The names of the builders are lost or 
unrecognized, and to that anonymity we have added our own doubts about the historical merits of these 
structures, aided by the tendency to sniff with great suspicion around the animal called military architecture.

It is not a new attitude. More than fifty years ago, M. Waterhouse, the Honorary Secretary of the Royal British 
Institute of British Architects, drew a blank when struggling with language that would define military 
construction. "It cannot be called Architecture," he declared, "either as we knew it—or as we know it ought to 
be. I don’t know what it really can be called. I am tempted to define it as a combination of Organization and 
Improvisation." (1)

While organization and improvisation are well-traveled approaches to the construction of expedient defenses, 
the fortifications remaining throughout the Golden Gate National Recreation Area are the products of skillful 
engineering, deliberate construction, and money. The defenses have their designers, and the designers, after a
fashion, have their inspirations. We need not look for a Palladio or a Wright, and we should not try to identify 
the equivalent in military architecture of a Villa Capra or Fallingwater. As stewards of historic property, 
however, we should know who designed what we are now charged with caring for, and we should have some 
sense of why they made the decisions they did.

Previous research, notably the work accomplished beginning in the late 1960s by historians of the National 
Park Service as well as other scholars, identified some of the principals and the chronology of their work. As a 
result, we know some about the construction of the 1870s, a great deal more about what took place in the 
Endicott and Taft years, but almost nothing about the designs of the 1940s. There are several reasons for the 
gap in the most recent period, however the lack of specific knowledge has little impact on what we know 
about the building of fortifications out of concrete. The use of concrete for defensive purposes was explored 
thoroughly in the years before World War I, and it is that period of innovation that is the most instructive. 
However, to fully comprehend the marks that fortifications have made on the landscape, our vision must
extend beyond the material of construction itself. We must look at American military experience, the 
impressions made or not made by other nations on the American military, and a native engineering 
contribution to a distinctly American form of coast defense (Plate 43). 

The utilitarian and rhythmic emplacement-and-magazine plan of the 1870s batteries at Fort Scott owes its 
heritage to the Civil War, and there is little to separate them from similar fortifications of that conflict. Yet 
Cavallo Battery is a distinguished design and it has no surviving counterparts. Its seaward face is well
understood, but its general trace and rear parapet suggest some similarities with French fortifications erected in 
the Franco-Prussian War, especially in regard to the positions for land defense armament at the extremities of 
the plan. American officers regularly toured the battlefields, arsenals, and fortifications of European nations, 
and did so even until the late 1930s, and what others were doing became part of the base of ideas that
contributed to the defenses (2) (Plate 44).  
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Plate 43. Even after the structures of the Endicott and Taft periods were completed, 
there was a pattern of improvements that also incorporated advances in concrete 
construction. The telautograph booth, ammunition hoist and splinterproof, and 
battery commander’s station, shown here, were built between 1904 and 1912. 
These additions at Battery Marcus Miller were among the first attempts to use 
reinforced concrete in the fortifications.

 

 

Plate 44. The design of Cavallo Battery called for the work to be
accomplished in earth, and rendered in regular outlines. Those crisp 
outlines have been obscured by a century of plant growth.

 

 

 

At the same time that Colonel Mendell was reconfiguring the ground at Point Cavallo to look more like a 
fortification, builders in Europe and especially England, were investing great sums to mount large muzzle-
loading cannon in granite fortresses sometimes plated with iron. It was an astounding investment for the time,
particularly since it appeared to be an endorsement of a type of ordnance that was born in the age of sailing 
ships, yet for England there was little choice. Both France and Italy had launched impressive armored vessels, 
and an immediate response was essential to defend both home and Mediterranean ports. These same kinds of 
vessels could pose an equally decisive impact on American coastal cities, although the possibility was slight. 
Both the Atlantic and Pacific Oceans were barriers to many early iron warships, and the insurance they 
provided allowed American engineers years of grace in which their counterparts of other nations could not 
share.

The coming of modern fortifications was slow in the United States. There was little need for speed, and in any 
case, Congress was not likely to provide any funding for a new defensive network with the Civil War so 
recently passed. There was movement, however. In January, 1873, a board of officers met to decide what sort 
of weaponry would be best suited for defense against the new naval vessels, and they came to a decision that 
would govern the appearance of defended harbors for years to come. They opted for guns mounted on 
depressing or disappearing carriages. They gave special encouragement to the proposals of Captain A. R. 
Buffington, who some twenty years later, would produce the prototype of all disappearing carriages to be 
placed in U.S. service.   (3)

The selection of a disappearing carriage, either Buffington’s or any other competitor for the design, meant that 
the batteries mounting it would have to be big—at least as tall as the machinery that would move the cannon 
above the parapet—and would have to be scaled in two stories. The first or lower story would contain the 
magazines for the projectiles and powder, and the upper story would provide a platform for the gun. Those 
requirements meant that earth was gone as a basic building material. Stone was an alternative, but it could only 
be worked by skilled craftsmen, while another material would be just as good and less expensive as well. It 
was concrete, and the adaptability of the material propelled it into the forefront of choice (Plate 45).
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Plate 45. Although the batteries of the 1870s were built of earth and brick, concrete 
played an important role as well. Here a groin formed by the intersection of vaults 
in East Battery is made of concrete, displacing more expensive brickwork.

 

 

 

The engineers had considered other alternatives, most notably the iron-sheathed walls of masonry fortifications 
being erected in Europe, but they were costly. In any case, that technology would be difficult to adapt to the 
type of armament suggested by the Endicott Board in its report of 1886. The engineers were confident that
concrete would meet all their needs. There was little difficulty adapting the conventional methods of concrete 
construction to the construction of fortifications, and not much was different in the methods of erecting the 
plant or placing the material.  (4)

The specification for concrete was general, and to get it right a great deal depended on the abilities of 
individual engineers to translate the broad instructions into more detailed measures to be taken by supervisors 
and contractors. A sense of just how general the approach was can be gained by this excerpt from the notes 
accompanying a new standard design for a battery of 6-inch guns:

The proportion of cement, sand and broken stone will depend largely on the quality 
of the materials. One to three is a common ratio for cement to sand, but the amount of 
sand can be increased if the results of briquette testing so justify. The run of the 
crusher should be taken for the stone, and 1-1/2 inches should be the superior limit of 
the size. Enough water should be used to insure a concrete as wet as can be
conveniently handled, and the mortar should be fairly flowing so as to settle into and
thoroughly fill all voids in the stone after tamping. The proportion of mortar to
stone...should be so adjusted that after tamping, the upper layer of stones should 
project at least half their thickness above the main mass.  (5) 

There were, however, a few new ideas that bear mentioning, and they had to do with 
either increasing resistance or increasing cohesiveness of concrete. In the Endicott and 
Taft structures, earth was still an important material, and counted upon to slow the 
penetration of projectiles striking the defenses. As further protection, the engineers 
dumped large boulders called deflectors into the concrete mass, the idea being that 
these huge stones would cause the projectiles to bounce away from critical areas.
Chunks of the demolished West Battery were added to Battery Godfrey during its
construction for apparently the same purpose. There was also concern that the long 
bolts holding the carriage to the emplacement might rack and twist when the gun was 
fired, an action that would weaken the concrete and loosen the connection with the 
carriage. As an aid in resisting fracture, the builders of some early emplacements in 
San Francisco created a framework of iron interlaced with surplus cables from the 
street railway, and the concrete was then tamped into the framework. Both of these 
practices fell away as experience accumulated. (6) 

Experience in modern fortification construction was a rare commodity when work 
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initiated at the San Francisco defenses. The earliest construction had begun in 1890 
on the East Coast, and engineers who had overseen these efforts then went to other
projects already underway or about to start. They took with them what they had 
learned by doing, and a practice of exchanging plans and information about 
fortification construction with their peers. It was at first an informal process, and then 
made more uniform by guidance issued regularly by the Chief of Engineers, although 
the official guidance did not halt the discussion among what was a very small group 
of individuals. Prior to 1900, engineers had an open invitation to adapt basic 
requirements to meet their particular needs. Those that did created batteries notable for 
their innovations, but a national defense system based on unique structures meant that 
estimating construction costs would be impossible. As a result, the Chief of 
Engineers in 1900 directed that unless otherwise required by some remarkable local 
conditions, engineers designing the fortifications remaining would do so by 
following the standard designs issued from his office.  (7) 

All of these aspects of design, experience, and standardization reveal themselves in 
many ways during the 1890s and early 1900s in the San Francisco defenses. What 
emerges from that perspective is an interpretation of the fortifications that shows them 
to be distinctive rather than an indication of what was done elsewhere. The collection 
of gun batteries at Forts Scott, Baker, and Barry also demonstrates that the unusual 
dominates the expected, and this circumstance figures more into the significance of 
the historic resources than does their large number (Plate 46). 

Plate 46. The designs for the earliest batteries did 
not anticipate the need for latrines, power plants, 
plotting rooms, and storage spaces. As a result, later 
building tacked on these components to fortifications 
completed only a few years before. These additions 
at Battery Godfrey are an example of the practice; 
they also portray the preference for steel doors in 
later construction.

The defenses of San Francisco were a laboratory in which young engineering officers could find practical 
experience in how to build a modern concrete fortification. It was an occupation of many parts, from 
requisitioning materials to measuring the monthly progress of the work. It was a practicum much endorsed by 
Colonel Mendell. "It is considered a fortunate condition," he said, "for a young Officer to get his first 
introduction to the profession under such circumstances; and the officers who have gone through this practical 
school at Fort Point, have, so far, justified all reasonable expectations. They have learned from the system 
which they found in operation, or which they aided to establish, sound means of construction in masonry & 
earth; the management of men; a reasonable task for a laborer, and the business habits essential for 
success." (8) 

It was not one of the young Turks hailed by Mendell that left the most indelible stamp on the San Francisco 
defenses, but a senior engineer much like himself. Mendell retired in 1895, moving on to a position with the 
city’s Board of Public Works until his death in 1902. His position as district engineer was filled by Charles
Suter, about ten years younger than Mendell, but like Mendell a veteran of much action during the Civil War. 
Suter had a creative mind, and it was his opinion that the weakest part of fortification design lay in the way 
that ammunition was moved or lifted from the magazines to the level of the loading platform. There was too 
much movement and too much reliance on machinery to do the job faultlessly, and his concern was that those 
faults would only reveal themselves in action when it would be too late to make any changes.   (9) 
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"The abolition of lift is of so much importance as to justify almost anything," he once wrote in support of a 
design that had been based on one of his batteries in San Francisco. Perhaps the most arresting quality of the 
batteries for heavy guns built to protect the Golden Gate is the number of them that were constructed without 
ammunition lifts or any provision for them, and Suter appears to have been associated with most if not all of 
these designs. Batteries Slaughter, Kirby, Duncan, and two emplacements of three at Battery Lancaster had no 
lifts at all, and this at a time when the most ordinary form of an American coastal battery for heavy guns was its
distinctive two-story appearance and ammunition hoist. Suter’s design for Battery Saffold incorporated 
traditional lifts, but added a new element. As convention dictated, there was a road or battery parade to the 
rear, and supplementing it was an unconventional paved road to the loading platform. That additional road 
meant that in case the lifts failed, ammunition trucks could still exit the rear of the battery and reach the guns,
courtesy of Suter’s thinking.  (10) 

Suter left San Francisco in 1898, and he continued his work while he was assigned to fortification construction 
in other harbors. In the end he was successful, and an example of Suter’s final design is Battery Chamberlin, 
which was reproduced in great number in all the defended harbors. (See Plate 28, chapter 5.)

Also unusual is the number of designs that ignored the guideline identified as the horizontal crest. To ensure 
the invisibility of the defenses and to make the most of the qualities of the disappearing carriage that was the 
backbone of coast defense, no part of the defenses were to be visible from the sea. The battery location would 
appear as a flat line, or a horizontal crest. Yet Battery Slaughter did not have a horizontal crest, and neither did 
Kirby, Duncan, Lancaster, or Marcus Miller. Stranger still, two of those batteries—Lancaster and Marcus 
Miller—did not mount their guns all at the same elevation.

One oddity of many of the San Francisco defenses is an unusually deep traverse, that is, the side walls of the 
emplacement are carried back further than typical. That feature was shared by Duncan, Lancaster, Rathbone, 
Slaughter, and to some extent, Cranston. Less odd, but certainly notable are the number of single gun
emplacements, usually frowned upon because of their high cost: Batteries Chester, Godfrey, and Marcus Miller 
all contain third emplacements that functioned as single gun emplacements, and Batteries Burnham, Drew, and 
Wallace were built as single-gun batteries.

Of all the major caliber gun batteries in San Francisco of this period only Battery Mendell and emplacements 
one and two of Battery Chester were conventional. The plan of Battery Spencer was so contorted that only 
two of the three guns were useful (the battery commander’s station did not even have a field of view of the 
water area covered by the third gun); Battery Saffold contained improbable features that allowed its guns to 
fire well to the rear into San Francisco Bay; and Battery Dynamite was in every respect the two-headed calf of 
coast defense. 

Many of these unusual aspects were adaptations to the terrain just as they were an important indication of the 
skill and invention of the engineers as they tried to perfect the defense of one of the nation's most important 
harbors. Still, given that such specialization does not seem to have taken place to an equal degree elsewhere,
there may be merit to the thought that the defenses of the 1890s were over-built. It gives some truth to the 
comments of a foreign observer that "the preposterous proposals . . . for the defense of a comparatively 
unassailable port such as San Francisco, have created extravagant standards attainable only by a people 
disposing of superabundant funds, and, if attained, adding nothing to national security."  (11) 

1. As quoted in Keith Mallory and Arvid Ottar, (New York: Pantheon Books, 1973), 9. 
2. Quentin Hughes,  (New York: St. Martin’s Press, 1974), 225.
3. , Serial 1599, 43  Congress, 1  Session, 452.

The Architecture of War 
Military Architecture

Annual Report of the Chief of Ordnance, Ordnance Memoranda No. 16 rd st
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States Army, No. 61 (Washington, D.C.: Government Printing Office, 1920), 52 and 54.
5. Board of Engineers to the Chief of Engineers, 14 October 1902, in , 6. An example of 
concrete meeting the specification that the aggregate should protrude half its thickness above the main mass can be found at
Battery Godfrey, emplacement three. At the extremity of the emplacement, the finish layer has broken off, presenting a clear view 
of the mass layer beneath it.
6. Erwin N. Thompson, 

(Denver: U.S. Department of the Interior, National Park Service, 1979),144; , 
, 5.

7. John Millis to Alexander MacKenzie, 5 January 1904, Defenses of Puget Sound, Records of the Office of the Chief of 
Engineers, RG 77, National Archives and Record Center, Seattle.
8. G. H. Mendell to the Chief of Engineers, 4 October 1895, later published as .
9. (West Point, N.Y.: West Point Alumni 
Foundation, Inc., 1970), s.v. Mendell, George Henry, and Suter, Charles Russell.
10. Suter’s quote and other information about his design contributions is more fully contained in David M. Hansen, "With Every 
Problem Solved: The Development of Mechnical Ammunition Hoists in America’s Coastal Fortifications," 
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Plate 36. Battery Davis. Landscape camouflage at the power room entrance. View immediately post construction, September 1940. Courtesy of 
the Park Archives of the Golden Gate National Recreation Area.

 

 

 

The larger issue raised here is that of landscaping with native vegetation. Army officers discussing native vegetation during the first half of the twentieth century used 
the term native loosely, most often meaning vegetation typical of the immediate area. Lupine and sagebrush were growing wild on the military reservations of San 
Francisco from at least 1901, and with eucalyptus and acacias introduced from Australia during the 1880s. Wickson described lupine as native, noting its presence on
many California beaches. (65) Although iceplant is considered as originally Northern European, its tenure in California—and likely on the San Francisco coastline—
was well established before the Endicott batteries. Certainly, sagebrush and lizard leaf were truly indigenous. Kudzu had been introduced to the U.S. in 1876, native 
to China and Japan, and initially used as for erosion control and as a forage crop like alfalfa. California’s orientation to the Pacific, as well as its easy acceptance of 
exotic vegetation from both tropical and arid climates, made it an early recipient of non-native plants that then became wild. The last larger issue here is one of color. 
From the Arts and Crafts years forward into the late 1930s, chosen landscaping for the San Francisco batteries, both at the immediate installation sites and over the 
larger vicinity, was full of color. Lupine flowered blue-lavender and yellow; iceplant white and pink; sagebrush, violet; kudzu, purple (with large blossoms); lizard 
leaf, white; and, acacia, yellow. Efforts to intensify the given landscape, and its color, are steady during this thirty-year period.
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Metals: General

Metal items associated with the coastal fortifications around San Francisco Bay include iron and structural steel in the form of 
steel beams and other structural shapes, reinforcing steel in the form of twisted, billeted, and deformed bars, imbedded steel items 
and hardware, metal handrails, metal doors and windows, and anchors and connectors. The use of structural metal items changed 
with the development of concrete construction, particularly from the late nineteenth century to the beginning of World War I. 
Imbedded metal items and hardware such as maneuvering rings and anchoring plates changed little. Handrails evolved from small 
square bar rails and chain rails to pipe rails with threaded connections.

Causes of Deterioration:

1. Corrosion: Iron, steel and other metal may suffer from corrosion due to chemical and electrochemical reactions which 
cause the metal to oxidize or combine with chemicals such as carbonates or sulfides. The salt- and moisture-rich 
environment of the coastal fortifications is particularly hard on metals. Contact between dissimilar metals can also cause 
electrochemical reactions.

2. Fatigue: Structural iron and steel may be subject to metal fatigue due to excessive loading, repetitive movement due to 
wind loading, or stress from cyclical loading. Harmonic movement from wind loading and seismic movement can also 
cause fatigue.

3. Impact: Equipment and vehicles impacting structural metals can cause localized damage that can lead to further 
deterioration and failure.

4. Lamellar Tearing: Tearing at welded joints results from improper welding practices.
5. Loose Connections: Structural steel joints and connections may loosen due to impact, vibration, or stress on connectors 

and anchors such as bolts and nuts.

Detail. Iron stanchion and chain rail.

Identification:

The detection of metal deterioration is best accomplished by a structural engineer. However, many problems are visible through 
careful and systematic inspection. Whatever symptoms are found, professional evaluation is recommended. The signs of metal
deterioration include:

1. Wearing away of metal surfaces.
2. Cracks, especially at points of maximum stress.
3. Localized distortion, twisting, or bending.
4. Paint or coating failure (an indication of underlying metal stress).
5. Misalignment.
6. Lack of plumb or level, sagging, or deflection.
7. Rusting or staining.
8. Loose bolts, rivets, or other connectors.
9. Broken welds.

10. Visible movement.
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Inspection and Testing:

Inspection can identify deleterious conditions and distinguish among the various materials and conditions but testing and 
laboratory analysis may be required to identify hidden conditions, particularly those within masses of concrete. Such testing may 
be required where structural failure has occurred or where failure is eminent. This type of testing is best recommended by a 
corrosion or structural engineer. Testing methods include the use of ground-penetrating radar, x-ray analysis, and sonic 
penetration.

 

 

Metals: Structural Iron and Steel

Structural iron and steel items include I-beams, angles, channels, rails, bars, and smooth, twisted, deformed, or billeted reinforcing 
bars. Structural iron and steel, where exposed, should be inspected regularly and treated promptly to prevent further deterioration.

Replacement of Deteriorated or Damaged Members: 

Replacement of structural items should be a last resort to prevent structural failure or damage to adjacent historic fabric. 
Replacement should be with similar materials if hidden and with matching materials if exposed.

Repair of Deteriorated or Damaged Members: 

Repair of structural metal, in place, is preferable to removal and replacement. Surface patching and filling should be done with 
metal fillers such as automobile repair compounds.

Prevention of Corrosion: 

Corrosion is prevented by removal to bare metal and the application of appropriate protective coatings. Sandblasting, or 
gritblasting, is the preferred method of removal of rust and corrosion from steel but may cause damage to wrought and cast iron. 
Gritblasting should be limited to specific areas of corrosion and adjacent areas protected with plywood. Where metal items such 
as doors can be removed, it is preferable to remove the item and gritblast and prime coat the item in protected shop conditions. 
After cleaning to bare metal, the metal surface should be wiped with a solvent and a primer should be immediately applied. 
Priming should be followed by finish painting with at least two coats of approved paint material applied according to the 
manufacturer’s written instructions. A single manufacturer for the primer and top coats is recommended to insure compatibility. 
Specific painting and coating treatment is addressed in Finishes: Wood and Metal Coatings. 
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Battery Dynamite power plant. Spalled concrete and exposed rebar.

Relief from Excessive Loading: 

Excessive loading of structural beams such as I-beams or reinforcing steel can be reduced by reducing the loading or by adding 
additional supports to transfer or redistribute the loading. Plant growth, vegetation, and trees, and trapped moisture can contribute 
to loads in overhead earthworks. Additional supports, in the form of support columns and plates can be useful is transferring 
loads. Additional supports should be designed by a structural engineer and carefully placed to avoid punching shear or point
loading where bearing capacity is inadequate.

Connectors: 

Bolts, nuts, rivets, anchoring plates, and other connectors should be inspected. All loose connectors should be tightened and 
monitored. Replace missing connectors.

 

 

Metals: Imbedded Hardware

Imbedded metal items include wrought iron maneuvering rings, brass hinges, window bars, and other miscellaneous fittings. 
These items are set into concrete or masonry either being cast-in-place or attached to cast-in-place anchors. Imbedded metal items 
can have corrosion problems that can affect the masonry or concrete into which they are set. Weakened planes can form around 
the imbedded item and can contribute to cracking and spalling.

Wrought Iron Maneuvering Rings: 

Wrought iron maneuvering rings are set in concrete on walls adjacent to fortification gun positions. The rings were designed to 
be used in the placement and setting of guns on their mounts. The rings are in good condition and require only regular 
inspection, cleaning, and protective coating.

Hinges: 
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Brass pivot hinges are set in concrete walls adjacent to masonry openings and support iron strap hinge assemblies attached to 
wood or metal doors. The brass hinge portion is in direct contact with the iron hinge portion and the electrochemical reaction 
causes corrosion and efflorescence. Treatment should be directed at isolating the two incompatible metals. For efficiency, 
treatment of the doors should be coordinated with isolating the metals.  

1. Remove metal or wood doors from hinges.
2. Clean brass hinges free of efflorescence using an approved chemical cleaner and brass wool.
3. Install a solid neoprene gasket and sleeve over the brass hinge portion.
4. Rehang door. Treatment and repair of doors is covered in Doors and Windows: General; Treatment for Doors; and 

Hardware.

Battery Duncan. Double-hung window at traverse wall showing grill with decorative points. 

Window Bars: 

Hand-fabricated, wrought iron and steel bars are installed in some window openings. The openings are in masonry or concrete 
walls. The bars are simple vertical rods set on horizontal bar stock which is anchored into the concrete at the window jambs. The 
bars are flattened at the top ends to form a decorative "spear point" design. The bars have suffered vandalism in the form of 
bending and distortion. In some cases bars have been removed. Anchorage of the horizontal bars in jambs has become loose. 
Treatment involves removal of the bars, reworking in a metal shop, and reinstallation. Repair concrete and masonry jambs if 
required.

For restoration purposes, removal of window bars and other imbedded items may be required. When bars are loose, the metal may 
be heated sufficient to bend the metal, or cut for removal. Where inset metal has already caused spalling or masonry deterioration,
break out additional material, repair metal, reinstall, and patch masonry. 

 

 

Metals: Handrails and Guardrails 
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Handrails at the fortifications are of three types: Solid square wrought iron bars, chain rails, and pipe 
rails. Few of the early square section bar rails and chain rails from the Endicott and Taft periods are extant, although many 
examples of pipe rails remain intact. Retention of existing original metal railings and installation of new railings to replace 
missing elements is important for safety and as character-defining features. The square-section railings are set in sleeved holes 
cast into the concrete. The risers for the rails are set in cement or molten sulfur grout. Pipe rails are set in escutcheon plates bolted 
to risers at the concrete. In some cases, piperail uprights are screwed into escutcheon plates bolted to concrete. Rails are connected 
by four-ways, elbows, and Ts. The joints are threaded. Original pipe rails were primed and painted.

Treatment:

Railings should be repaired or replaced to meet standards that require railings to resist a lateral load of 200 pounds at any point 
along the rail.

Existing Railings:

1. Tighten all joints at screwed or bolted connections. Replace bent or severely deteriorated components to match original 
materials. Verify secure anchorage.

2. Gritblast metal railings and wipe down with solvent to remove residue and flash corrosion.
3. Prime immediately and paint.
4. Wrought iron bar rails and chain rails require solvent cleaning and waxing.

Battery Kirby. Handrails. Typical pipe rail detail.

New Railings:
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1. Design new railings to match existing original railings. Pipe railings are typically two-inch outer diameter, thick-walled, 
black iron piping with cast ornamental ball joint connectors. Railings are anchored into pipe sleeves cast or drilled into 
the concrete and grouted in place. The joint between the pipe and concrete is covered with an escutcheon plate and 
screwed in place.

2. Fabricate railings as specified from pipe of the proper diameter. Ball joint connectors may require special casting. Rails 
are to be shop primed.

3. Install new railings. Clean out existing sleeves and set railings plumb and level. Grout in place using a non-shrink 
metallic grout. Install escutcheons.

4. Fabricate wrought iron bar rails and stanchions for chain rails from mild steel to match original construction. 

 

 

Metals: Ferrous, Miscellaneous

Miscellaneous metals includes military hardware attached to or set in the fortifications. Items include gun mounts, armored 
conduits, surface mounted boxes for electrical and communications equipment, ammunition handling equipment and other 
items. 

Treatment:

1. Clean metal item free of dirt, oils, debris, corrosion, and deteriorated paint.
2. Brush or clean to bare metal or to stable paint level and wipe with solvent.
3. Secure anchorage devices.
4. Apply approved coatings.

Battery Marcus Miller. Steps leading from loading platform to working platform. 

 

1/22/03 2:50 PMMetals

Page 6 of 8http://www.nps.gov/goga/history/seaforts/chap9&10/metals.htm



Battery Crosby. Emplacement one, support for camouflage, corner of loading platform. Note also, ventilator opening to left; heavy asphalt coating on floor. 

Battery Marcus Miller. Counterweight cable pulley for ammunition hoist doors. 

 

Battery Stotsenburg-McKinnon. Ammunition supply tramway and turntable in central corridor between pits. 
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Battery Construction #129. Emplacement two, grill above entry gates. 
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Carpentry: General

Carpentry includes both rough and finish carpentry associated with wood framing, wood finish surfaces, and trim. Carpentry work 
is limited at the fortifications to light wood framing, wood doors, windows, and frames, wood roof decking, and wood siding. 
Some associated structures had wood floors and beaded board ceilings.

Causes of Deterioration:

Sources of wood deterioration are primarily associated with moisture. Secondary sources include excessive loading, wind 
loading, abrasion, and vandalism. 

Moisture: Moisture infiltration can deteriorate wood through the growth of destructive fungi. Fungi induced rot requires a host 
material (wood), air, a stable temperature, and moisture content above twenty-five percent. Rot is found in two forms: soft rot, a 
surface decay caused by moisture saturation and alternating wet-dry cycles; and brown rot, or dry rot, a pervasive decay having a 
crumbly appearance. Fungi can be transmitted by contact and by airborne spores.

Excessive Loading: Excessive loading can cause deflection which can weaken structural wooden elements. Common causes of 
deflection are the mounting of equipment on structural members that are not designed for the loading and lack of diagonal 
bracing. Wind loading, especially high, intermittent winds, can loosen connections allowing moisture penetration.

Abrasion: Wind blown sand can abrade wood surfaces and the coatings that protect them. 

Detail. Typical basic wall and roof framing section showing plates, studs, headers and joists.

Identification:

Deterioration of wood elements may be identified by the following signs:

1. Presence of moisture.
2. Staining or discoloration of wood.
3. Presence of mildew or fungi.
4. Presence of soft rot or brown rot.
5. Soft or spongy wood.
6. Loss of wood material.
7. Sawdust-like debris and insect droppings.
8. Structural deflection of wood members, lack of plumb or level.
9. Paint deterioration on wood members.
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10. Deterioration of applied finish materials.
11. Sagging, buckling, cupping, or bowing of wood members.
12. Loose connections.

Inspection and Testing:

Inspection for moisture-related deterioration in wood involves systematic and thorough on-site investigation. Most moisture 
problems are readily observed. Further investigation requires the use of a sharp probe to penetrate wooden elements in order to 
detect soft spots that may be hidden by paint or the outer wood surface.

 

 

Carpentry: Treatment

Eliminate sources of moisture infiltration such as roof leaks, failed waterproofing, gutter and downspout leaks, coating 
failure, standing water, and inadequate surface drainage. Dampness and the accumulation of moisture vapor should be reduced by 
the installation of adequate ventilation of interior spaces.

Removal and replacement of a deteriorated wood elements may be required in cases of severe damage or where 
structural integrity has been degraded. Removal and replacement may require removal of covering finish material. Replacement 
of original historic materials should be considered only if other means have been exhausted. While it is best to replace 
deteriorated material with materials that match, it may not be possible to obtain exact matching materials. Substitute materials 
should be carefully evaluated and selected on the basis of closeness of match, durability, and structural requirements. High grade 
pine and fir are usually safe selections for most replacement conditions. Redwood and cypress are appropriate where moisture 
resistance is required but structural requirements are minimal. Pressure treated wood is appropriate for high moisture conditions 
that include contact with the ground.

Repair by attachment of additional structural elements. Scab onto existing deteriorated wood elements, add 
blocking or additional nailers. In some cases new wood elements can be used to bridge across deteriorated members in order to
distribute structural loads. Where visual appearance is important, new wood materials may be pieced in (or let in) by cutting out 
deteriorated portions and fitting in new wood to match that removed.

Repair of individual deteriorated members can be accomplished by removal of the deteriorated portion and repair with 
epoxy filler. A variety of epoxy repair products are available including putties and low viscosity penetrating consolidants. Epoxy 
resins can be mixed with fillers such as pea-gravel, sand, or sawdust and used to fill voids in original wood. Deteriorated wood 
should be carefully removed and the area to receive patching materials cleaned and dried. In some applications forms or dams 
may be required to retain the epoxy mix until it sets up.

The application of protective coatings to deteriorated wood should be carefully considered. While application of such 
coatings may prevent moisture penetration, some coatings may trap moisture within the wood and cause further deterioration. 
Select products that are "breathable" and follow manufacturer’s written instructions.

Materials and Equipment:

1. While  should match original materials to the greatest extent possible, standards for new wood materials 
include:

new materials

PS 20 "American Softwood Lumber Standard"

1/22/03 2:51 PMCarpentry

Page 2 of 3http://www.nps.gov/goga/history/seaforts/chap9&10/carpenty.htm



SPIB (Southern Pine Inspection Bureau)

WCLIB (West Coast Lumber Inspection Bureau)

WWPA (Western Wood Products Association)

APA (American Plywood Association)

AWPBS (American Wood Preservers Bureau Standards)

2. Moisture content of  should not exceed nineteen percent.replacement lumber
3. For  lumber should be graded and marked appropriately. Structural grade yellow pine or fir are 

recommended.
structural uses

4. Special molding profiles may not be commercially available for some wooden elements. When commercial sources have 
been exhausted, it may be necessary to fabricate router knives to match some wood profiles. Router knives should be 
retained for future use.
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Moisture Protection: Causes of Deterioration

Moisture protection includes the repair or application of new protective coatings and membranes to existing surfaces. 
Waterproofing is applicable to vertical and horizontal surfaces except for exposed roofs and includes surfaces below grade and 
under earthworks. On the fortifications asphaltic waterproofing was applied to concrete and masonry surfaces below grade and 
under earthworks and was protected with hollow clay drainage tile. The tile had the dual role of protecting the waterproofing 
membrane and providing a drainage conduit for moisture that accumulated around the structure. (In some cases, cobble stones
were used as drainage coursing.) 

Waterproofing products are in the form of trowel-applied asphaltic or bituminous coatings; expansive sheet goods such as 
bentonite panels; penetrating chemicals; and membranes such as modified bitumen, butyl, and elastomeric. 

Historic methods include trowel-applied asphaltic coatings, and parging with cement paint or a cement plaster wash. 

Battery Godfrey. Cold joint displaying sheet lead as waterproof layer. Stained concrete from imbedded metal elements. 

Deterioration frequently occurs when one or more of the following changes have occurred on site:  

1. Waterproofing deteriorates through degradation of materials. As sacrificial coatings, waterproofing materials normally 
deteriorate.

2. Waterproof coatings are breached by structural movement, cracking, and penetration by mechanical means.
3. Grade changes adjacent to a protected surface can expose the edges of the waterproofing to the elements and cause 

subsequent deterioration.
4. Grade changes adjacent to a protected surface can be such that the exterior finish grade at the structure is above the level of 

the waterproofing and surface water can flow into a wall.
5. Original application of the waterproofing may have been faulty; too thickly applied; too thinly applied; inconsistently 

applied; incompatible with the substrate; or deficient in workmanship.
6. Asphaltic built-up roofs deteriorate due to direct exposure to moisture and the subsequent degradation of materials. In 

addition, asphaltic built-up roofs deteriorate due to exposure to wind, rain, and sunlight. Deterioration of the roof deck and 
deficiencies in the original installation are also contributory to roof deterioration. 

 

 

1/22/03 2:51 PMMoisture Protection

Page 1 of 4http://www.nps.gov/goga/history/seaforts/chap9&10/moisture.htm



Moisture Protection: Identification and Testing

Identification

Moisture problems often occur when the following conditions exist: 

1. The presence of moisture on interior walls and floors.
2. Obvious active leaks.
3. High humidity inside a structure.
4. Exposed edges of waterproofing materials.
5. Exposed surfaces of waterproofing that show thinness, drying, cracking, or material loss.
6. Mold, staining, efflorescence, or fungi on wall surfaces.

 

Typical detail, Endicott & Taft periods. Exterior waterproofing: asphaltic troweled-on coating on concrete protected by split clay tile. Tile cavity is for drainage to 
gravel course below.

Inspection and Testing:

Inspection of waterproofing at the fortifications requires the removal of earthen cover to expose vertical and horizontal surfaces. 
Selective excavation should start where waterproofing is exposed to view at its edges and corners.   

1. Remove enough fill to expose a sample area that includes the top and bottom edges of the waterproofing. Inspection of 
interior surfaces corresponding to exterior waterproofing locations can be useful in discovering moisture infiltration. 

2. Examine cold joints, cracks, and penetrations for dampness or the presence of water, staining, or efflorescence. The use of a 
calibrated moisture meter is useful when moisture penetration routes are not clear. 

3. Grid the interior surface into four-inch squares with a level and chalk line. Take moisture readings at the grid points and 
graph readings to locate moisture sources.

Note: Infrared remote thermal sensing can also be used to locate moisture penetrations and accumulations. Wet areas appear as 
thermal anomalies because wet areas retain heat in contrast to drier areas.

 

Moisture Protection: Treatment
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Procedures:  

1. Perform testing and on-site investigation to determine the extent of moisture infiltration.
2. After the extent of the moisture infiltration has been identified and located, remove fill from the exterior of the structure 

adjacent to the problem area and expose the surface of the waterproofing. If the top edge of the waterproofing is below 
grade, regrade adjacent to the top edge. If trenches adjacent to the structure must be left open for repairs, provide interim 
drainage or make provisions to pump out any accumulated water.

3. Perform demolition of deteriorated waterproofing materials down to a stable and clean substrate. Repair cracks and seal 
penetrations.

4. Prepare the surfaces to receive waterproofing according to waterproofing manufacturer’s written instructions. Allow 
substrate and primers to dry thoroughly.

5. Apply waterproofing to the prepared substrate. Application should be according to manufacturer’s written instructions. 
Coordinate the entire installation with adjacent finishes, sealants, and other work.

6. Allow proper curing of the waterproofing before replacement of any protective tile, installation of drainage fill, or 
backfilling of trenches. Monitor the installation of the waterproofing to insure that moisture penetration has been 
eliminated.

7. Where historic clay drainage tile is uncovered, store tile properly during waterproofing work and reinstall when work is 
complete. Carefully backfill to hold tile in place. Where tiles are missing, replace with salvaged tile or substitute material.

Materials:  

1. Sheet Membrane Waterproofing:

Mechanically applied or adhered to substrate, these membranes are rubberized sheet stock, elastomeric, or expansive 
mineral sheets such as bentonite.

2. Fluid-Applied Waterproofing:

Fluid-applied material is directly applied to a substrate which forms an elastic surface membrane.

3. Bituminous Damp-Proofing:

Hot- and cold-applied damp-proofing is surface applied by trowel and minimizes moisture infiltration.

4. Water Repellents: 

Clear silicones, acrylics, and other penetrating chemicals are surface applied and consolidate either on the surface or within 
the material to prevent the passage of moisture.

 

 

Moisture Protection: Built-Up Roofing

The use of built-up roofing is limited to isolated structures associated with the fortifications. Existing built-up roofs are multiple-
ply, tar and gravel installations that are in very poor condition. 

All existing roofs require complete replacement. After repairs to roof substrates (wood decking) new built-up roofing should be 
installed as follows: Mechanically fastened modified bitumen unsurfaced roll roofing with torched seams over manufacturer 
approved base sheet. Ballast should match original local gravel. Coordinate installation with wood trim, flashing, and roof 
penetrations.
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Battery Spencer, emplacement two. Remnant of latrine superstructure showing cross section of built-up roof. Oil room to the right. 

                   

Detail. Cross section showing roof deck, base sheet, roofing membrane, gravel ballast, and gravel guard.
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Concrete: Causes of Deterioration

Historic concrete work at the Golden Gate National Recreation Area fortifications consists of cast-in-place, plain and reinforced 
concrete. The late nineteenth and early twentieth century concrete was frequently cast in wooden board forms resulting in a rough
surface and finished with a fine cement finish coat. Improved forming techniques and materials resulted in abandonment of the 
finish coat. By the mid-1930s concrete was cast in plywood forms, and burnished and spot patched with cement grout. 

Although concrete is considered to be a durable construction material it is subject to deterioration caused by a number of factors 
which range from poor workmanship and materials to environmental effects. 

 

Materials and Workmanship: 

Concrete may experience deterioration caused by materials used in the mix or by errors that occurred in mixing, forming, or 
placing. Materials and workmanship problems include: 

1. Improper aggregate.
2. Alkali-aggregate reactions.
3. Improper aggregate sizing.
4. Calcium chloride or similar salt additives.
5. Incomplete consolidation in tamping (voids and honeycombs).
6. Placement of reinforcing steel too close to surface.
7. Improper handling of cold or weak plane joints.
8. Inadequate curing.

 

Environmental Factors: 

Concrete is subject to deterioration caused by absorption of moisture and thermal expansion and contraction. Extreme 
temperature ranges can cause freeze-thaw cycles. Moisture absorbed by the concrete expands and contracts with temperature 
changes and the resulting mechanical action causes fractures and spalling. Airborne components, such as carbon dioxide, can 
cause adverse chemical reactions which can cause surface deterioration.

 

Battery Godfrey. Concrete construction indicating structural cracking, spalling, and surface erosion.
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Structural Design Defects: 

Defective structural design in historic concrete can cause subsequent deterioration. Typical design defects include: 

1. Inadequate concrete coverage over reinforcing steel.
2. Inadequate or improperly placed expansion joints or cold joints.
3. Improper sizing and placement of reinforcing steel.
4. Inadequate cross-sectional area or depth to resist loading forces.
5. Inadequate soil and site preparation.
6. Instability of slopes and seismic movement.

 

Maintenance Procedures: 

Improper or inadequate maintenance procedures can contribute to concrete deterioration. Maintenance related deterioration may 
be attributed to: 

1. Moisture exposure and penetration caused by unrepaired leaks.
2. Improper application of surface sealers and coatings.
3. Failure to clean drains and drainage paths.
4. Inadequate control of vegetation.

 

 

Concrete: Identifying the Problem

Concrete deterioration may be observed visually and more precisely determined through testing. 

Cracking: The types and severity of cracks in concrete are varied and include dormant and active cracking. Dormant cracking 
is caused by shrinkage during curing and is not a cause for concern except for potential moisture infiltration. Active cracking is 
more serious and can indicate severe problems. Active cracks show movement and are related to structural overloading, 
foundation settling, inherent design flaws, or other deleterious conditions. Active cracking can be temporary or continuous.
Active cracking requires monitoring and may require corrective action. Inactive, or dormant, cracking usually requires 
observation and limited corrective action to prevent moisture infiltration. Random surface cracking, or crazing, may indicate an 
adverse reaction between cementitious alkalis and aggregates and requires surface corrections.

Spalling: Surface concrete loss in pieces of various sizes is called spalling and is caused when expansive forces inside and near 
the surface of concrete act along a weak plane or create a weakened plane. The expansive force can be caused by the stress of 
corrosion of reinforcing steel or imbedded metal items. Corrosive oxidation (rust) causes expansion which in turn creates 
additional stress. Internal expansion can also be caused by moisture absorbed by porous aggregate that expands and contracts in 
thermal cycles. Moisture may be trapped inside the matrix of the concrete by paints or sealants that do not allow moisture to 
migrate and escape at the surface. Spalling can occur due to a condition called laitance where concrete, during placement, was 
mixed too wet and cement rich paste rises to the surface of the concrete thereby depriving other portions of the mix of cement-
related cohesion and consolidation.
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Deflection: Concrete footings, foundations, beams, columns, slabs, and walls are subject to deflection that can be seen in 
bending, bowing, or sagging. Deflection can be caused by overloading, the effects of corrosion, inadequacies in original 
construction, seismic stress, and by long-term shrinkage. Deflection, by creating internal stress within a concrete mass, may cause 
spalling at the concrete’s extreme surfaces. Most design standards rate structural failure as deflection exceeding 1/360 or about a 
one-inch drop over a length of thirty feet.

Stains: Stains on concrete surfaces that are not purposely applied may indicate internal problems such as corrosion or adverse 
chemical reactions. Corrosion usually involves reinforcing steel and the resulting stains are rust-colored. Alkali-aggregate 
reactions are usually seen as a white efflorescence. Moisture-related stains may appear as a variety of colors.

Erosion: Weathering of concrete surfaces by wind, rain, snow, or other mechanical action can cause surface loss. Temperature 
related expansion and contraction of surface moisture exerts a mechanical action and results in the gradual wearing away of the 
concrete surface. Exposed aggregates are particularly susceptible due to differences in the rates of expansion among the various 
constituent materials.

Corrosion: Reinforcing steel that has been placed too close to the surface of the concrete or that has been exposed by spalling, 
erosion, or cracking, can corrode, or rust. Oxidation of the steel in the presence of moisture causes rust. The presence of salt-rich 
moisture adds to the rate of deterioration. Corrosion is an active chemical process that exerts its own expansive stress. High 
alkalinity in the concrete promotes corrosion and causes, in addition to expansion, a loss of surface bonding between steel and 
concrete. This loss of bonding reduces the unified effect of reinforced concrete to resist tensil and compressive forces.

 

 

Concrete: Inspection and Testing

Determining the causes of concrete deterioration requires careful analysis by experienced architects and structural engineers. 
Structural deterioration can have life-safety implications and threaten a structure’s existence. In addition to inspection and 
observation by experienced professionals, materials testing and analysis may be needed. Procedures for testing and inspection 
involve field analysis and documentation, review of documents, testing, monitoring, and laboratory analysis.

 

Testing and Inspection Procedures:

Field Analysis: Locate and record nature and extent of concrete deterioration.

Document Review: Refer to original drawings and engineering reports and compare to field data. Check historic records and 
photographs for further information.

Field Testing: If required, after visual inspection, institute a testing program to determine the nature and extent of deterioration. 
A testing program involves both on-site testing and laboratory analysis. On-site testing includes:

  

1. Use of calibrated metal detectors, sonic meters, and other devices to locate imbedded metals.
2. Use of sounding hammers and chains to locate voids.
3. Use of direct application of controlled water spray to determine moisture penetration.
4. Use of a moisture meter to determine presence and extent of moisture in concrete.
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5. Use of computer simulation and test models to calculate deflection.
6. Measuring for deflection with a transit.

 

Typical concrete cold joint showing minor spalling, surface deterioration and original form marks. This cold joint is at Battery Marcus Miller. 

 

Laboratory Analysis:

1. Compressive strength testing.
2. Mix composition analysis by weight and volume.
3. Chemical reaction analysis testing for alkalinity, carbonation, porosity, chloride presence, and other components.

 

Analysis:

Analysis of field data, inspection reports, documents, and testing data requires careful and thorough analysis by structural and 
materials testing engineers to determine the exact scope of corrective action. This is particularly important where historic concrete 
is involved. Since improper repairs can cause additional deterioration, no action may be preferable to improper measures.

 

 

Concrete: Treatment Overview

Standards: 

Contemporary standards may not be directly applicable to historic concrete mixes. Comparison of historic materials to current 
standards is a useful basis for evaluation.

Comply with the provisions of the following minimum codes and standards: 
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1. American Concrete Institute (ACI) 301, Specification for Structural Concrete for Buildings.
2. American Concrete Institute (ACI) 318, Building Code Requirements for Reinforced Concrete.
3. Concrete Reinforcing Steel Institute (CRSI), Manual of Practice.

 

Materials:

Materials used in concrete repair and maintenance should conform to the following standards: 

Portland Cement: ASTM C-150, Type I or II.

Reinforcing Bars: ASTM A-615, Grade 40 or 60

Welded Wire Fabric: ASTM A-185

Wire: ASTM A-82

Stainless Steel Rods: one-fourth inch to one-half inch diameter, smooth and threaded

Non-Shrink Grout: CRD-C-621, factory pre-mixed grout

Bonding Compound: compatible with patch

Epoxy Bonding Agent: epoxy resin type, MIL-B-19235

Epoxy Adhesive: ASTM C-881

Gravel Aggregate: local crushed stone to match existing

Sand Aggregate: local beach sand to match existing

Filler: molten sulfur

Non-Sag Mortar: one-component, polymer-modified, silica flume enhanced, 

passing ASTM C-884 (Modified)

Corrosion Inhibitor: two-component, polymer-modified, cementitious, trowel

grade migrating mortar, passing ASTM C-884 (Modified)
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Evolution of reinforced concrete from imbedded I-beams to reinforcing bars.

 

Concrete Repair System Products:

A wide range of products are available for concrete restoration including grouts, epoxy systems, hardeners, and coatings. 

Manufacturers include Sika Corporation, Thoro Products, Dayton Superior Corporation, and Master Builders Technologies.

 

Procedures:

Examine areas and conditions under which work is to be accomplished. Plan work in a systematic way and follow manufacturer’s 
written instructions. Avoid work during periods of extreme weather.

 

 

Concrete: Cracks

Narrow Cracking:

Cracking can be repaired using a variety of methods depending on the size and severity of the crack. Narrow cracks one-fourth 
inch wide or less that are not structural can be repaired with "neat cement" mortar (a Portland cement and water mix) or by the use 
of a wide range of non-shrinking grout. Non-shrinking grouts usually contain silica flume or other stable aggregates.

 

Large to Severe Cracking:

The addition of a small amount of fine sand to the neat cement acts as a shrinkage reducer for slightly larger cracks. In cases 
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where cracks are deeper than one-and-one-half inch, a backer rod is recommended. Where severe cracking has occurred and 
extends through a structural member, is over one-half inch wide, and shows signs of movement, extensive repair is required. 
Insertion of dowels and/or epoxy injection may be required. Epoxy injection is a complex repair process addressed in Concrete: 
Epoxy Injection. 

Typical detail. Small surface crack in concrete.

Typical detail. Structural crack through concrete showing displacement. 

 

Repair Procedure:

1. Clean crack free of accumulated debris and roughen surfaces. Remove any loose or soft concrete.
2. Wash out crack and allow to dry. Rake out crack if additional depth is required to achieve bonding and penetration. A 

bonding agent compatible with the mortar mix may be required, but is not always appropriate.
3. Apply crack-repair mortar or grout according to manufacturer’s written instructions. It may be necessary to build the patch 

up in layers.
4. Finish surface to match existing adjacent surface.

Note: Test repair a crack using the prescribed mortar mix and finishing technique before attempting other repair work. Surface 
finish color may not match original concrete finish color. Adjustments may be made in the color of the mix or a different product 
may more closely approximate the original color. Age will help to diminish color differences. 
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Concrete: Separation 

Causes:

Separation occurs when independently cast concrete elements move apart because of settlement or differential movement. 
Separation may also occur when unreinforced concrete elements cannot withstand lateral forces and are forced apart. Intrusive 
tree roots are a primary causes of separation. Repair of separations requires more extensive intervention.

 

Battery Stotsenburg-McKinnon. Separation of unreinforced concrete. Lateral forces overcome tensile resistance in unreinforced concrete wing wall. A weakened 
plane crack through the maneuvering ring mounting predates the separation. 

 

Typical. Concrete separation at unreinforced steps. 

 

Repair Procedure:
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1. Clean out separation by removing all debris and loose or soft concrete. Remove trees, roots, and earthen fill that may be 
causing the separation.

2. Drill concrete to receive threaded stainless steel dowels and grout dowels in place. with epoxy grout mix. 
3. Install underpinning and slip braces as needed.
4. Apply pressure to close separation. When repositioning is accomplished, complete dowel installation. Apply final 

pressure to close opening until excess mortar is compressed out of separation. Brace concrete in final position until epoxy 
mortar sets.

5. While wet, remove excess mortar and clean surfaces.
6. When cured, reinstall fill materials.

Note: Prior to repairing a separation, decide whether it is better to leave the separation in place and treat it as a crack, or to move 
the separated portion back into place.

 

 

Concrete: Spalling

Identification and Inspection:

Repair of spalled areas involves removal of loose or deteriorated material, surface preparation, removal of exposed, imbedded 
reinforcing corrosion, application of patching materials, and surface treatment. Where spalling has been caused by corrosion of
reinforcing and reinforcing is exposed, removal of non-critical reinforcing elements or sandblasting to remove rust may be 
required. Exposed reinforcing must be cleaned to bare bright metal before treatment. For vertical and overhead conditions, 
forming may be required for proper installation of the mortar or grout. Spalling also occurs around imbedded conduit and piping. 

 

Treatment:

Removal of deteriorated or loose materials is easily accomplished with hand tools and small power tools. A hammer and masonry 
chisel will remove most loose or deteriorated concrete. Surface preparation requires removal of dust, dirt, grime, and mildew from
surfaces to receive repairs. While wire brushing, washing, and similar measures may clean most surfaces, light gritblasting, limited 
to the affected area, may be required. When gritblasting, shield areas adjacent to the treatment area. After blasting wipe surfaces
with solvent and immediately apply protective primer. 

Spalling that exposes imbedded reinforcing, clips, angles, or metal anchors requires removal of all exposed corrosion. Where 
surface corrosion is to be removed, either by brushing or sandblasting, the application of a seal coating over the cleaned metal is
critical to the repair. Migrating rust inhibitors may be applied to the general area. Coordination of material compatibility is 
essential. 

Replacement of large areas of spalled concrete will require the use of steel dowels to anchor the epoxy, cement mortar or grout. 
The dowels should be inserted in holes drilled in the concrete in the area to be repaired.

Application of spall repair mortars or grouts should be accomplished by laying up successive layers of material. For vertical and 
overhead applications, use only those epoxy adhesives recommended by the manufacturer for vertical or overhead applications.
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Battery Marcus Miller. Detail view of spalling concrete. Spalling can be caused by expansive corrosion acting on reinforcing steel. 

Cross section through concrete showing profile, reinforcing bars, and articulated, chamfered corners and edges. 

Materials:

Epoxy Putty: 100 percent solid, two-component, epoxy adhesive.

Metal Dowels: one-fourth inch to one-half inch diameter threaded stainless steel dowels.

Metal Sealant: as recommended by epoxy or grout manufacturer.

 

Installation:

1. Install according to manufacturer’s written instructions
2. Drill dowel holes allowing at least one-fourth inch between the perimeter of the dowel and the side of the hole. Dip dowel 

in epoxy putty and insert.
3. Apply epoxy putty with a spatula or putty knife. Fill solid and work out to align with original surface. Work material 

flush and work surface to match adjacent surface.
4. It may be necessary to construct a form matching the original lines of the structure in order to contain and shape the repair.
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Concrete: Epoxy Injection 

Identification and Inspection:

Epoxy injection is an extreme measure and should be used in rare circumstances where concrete has lost structural integrity. The 
concrete must be in failure or eminent failure and must threaten life-safety or the loss of the structure.

Epoxy injection should be accomplished by a certified applicator of the Structural Concrete Bonding Process Association.

 

Materials:

Epoxy Resin Adhesive for Injection: Two-part, solventless, low viscosity adhesive, or similar approved product.

Surface Seal: Material adequate to hold injection fittings firmly in place and to resist injection pressure.

 

Equipment: 

Automatic pressure control equipment with displacement pumps with interlock to provide positive ratio control of exact 
proportion at the nozzle. The pumps shall be electric or air powered and shall provide in-line metering and mixing.

Discharge Pressure: Not to exceed 160 psi.

 

Epoxy injection. Cross section showing concrete crack, dam, and injection port. 

 

Treatment:

Surface Preparation: Clean surfaces adjacent to cracks free of dirt, dust, grease, oil, efflorescence, or other foreign matter. Do not 
use acids or corrosives for cleaning. Provide entry ports along the crack at intervals of not less than the thickness of the concrete 
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at that location. For through-cracks, surface seal both faces. Allow adequate time for the surface seal to gain adequate strength to 
withstand injection pressure.

Epoxy Injection: Begin epoxy injection at lower entry port and continue until there is an appearance of epoxy adhesive at the 
next entry port adjacent to the entry port being pumped. When epoxy adhesive travel is indicated by appearance at the next 
adjacent entry port, discontinue injection on the entry port being pumped and transfer to next port. Perform epoxy injection until 
all cracks are filled.

Finishing: When cracks are completely filled, epoxy adhesive should be allowed to cure sufficiently to allow removal of the 
surface seal. Finish crack flush with adjacent concrete. Where historic architectural finish must be matched, work surface to 
achieve matching finishes.

 

Quality Control: 

Perform tests required to confirm structural integrity. Cracks must be ninety percent filled to a bond strength of approximately 
6,500 psi.
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Brick Construction: General

Masonry work includes historic brickwork from the post-Civil War period and the materials and operations associated with its 
treatment. The brick used in the fortifications is a dense, reddish-brown, common brick laid in a running bond pattern with
regularly spaced header joints. Laid in multiple wythe walls and utilizing arches and vaulting to span openings, the brickwork is 
set in a Portland cement-sand mortar. Little or no lime was used in the mortar.

 

Causes of Deterioration:

1. Rising damp from subsurface moisture sources.
2. Windblown moisture in the form of rain.
3. Condensation due to lack of ventilation.
4. Moisture infiltration through deteriorated moisture joints.
5. Moisture accumulation from the encroachment of vegetation.
6. Moisture from inadequate surface drainage.
7. Improper maintenance.
8. Improper coatings that trap moisture.
9. Failure of waterproofing, roofing, or protective coatings.

 

Identification:

Brickwork deterioration can be readily identified by visual inspection. Identifying characteristics include: 

1. Mildew, staining, or efflorescence.
2. Soft, loose, or crumbly mortar.
3. Spalling.
4. Cracking.
5. Deflection.
6. Loose bricks. 

Cavallo Battery. Detail view of brickwork at vaulted passageway through earthworks. Note arched vault facing with brick headers.
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East Battery. Brick parapet at forward edge of gun emplacement. 

 

Inspection and Testing:

Determining the causes and extent of deterioration of historic brick work requires careful field investigation, analysis, and 
laboratory testing. Review of drawings and other documents can enhance the identification of deterioration. Inspection and 
testing procedures include: 

1. Field Inspection: Locate and record the extent of brickwork deterioration.
2. Document Review: Refer to original drawings and engineering reports and compare to field data. Check historic records 

and photographs.
3. Field Testing: If required, institute a field testing program including moisture meter readings and sampling of bricks and 

mortar for laboratory analysis.
4. Laboratory Analysis: Laboratory analysis includes:

Brick compression tests

Mortar composition analysis (by volume)

Moisture absorption of brick

Review of field inspection, field testing, and laboratory analysis should give a comprehensive view of the causes of deterioration. 
Based on the results, a plan for corrective treatment can be developed and tailored to meet treatment objectives.

 

 

Brick Construction: Identifying the Problem

Brickwork deterioration can be the result of individual causes or a number of related causes acting in concert.

 

Spalling: 

Spalling is a loss of surface material due to moisture infiltration. It occurs when moisture inside the brick expands and contracts 
due to thermal action and when moisture evaporates at the surface of the brick. In climates where freeze-thaw cycles are frequent
and extreme, spalling is more pronounced. Expansion and contraction, and evaporation, are mechanical actions that exert force 
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and stress inside the brick. The presence of spalling may indicate that a mortar either too dense or too high in cement content has 
been used in joints. Dense and brittle mortars obstruct the migration of moisture from the interior of the brick to the point where 
evaporation occurs. Mortar joints act as sacrificial wicks allowing inevitable deterioration to occur at a location and in a material 
that is easily repaired. The critical relationship between bricks and mortar relies on the fundamental rule that the mortar should 
never be harder or more dense than the brick.

 

Cracking: 

Cracking may occur along mortar joints or through bricks. Cracking can be caused by structural movement due to expansive 
soils, by tree roots too close to a building, by inherent defects in the original construction, by imbedded materials, or by the use 
of rigid mortars that do not allow normal expansion and contraction. Cracks that follow mortar joints can be addressed through 
normal treatment procedures while cracks through bricks indicate more severe structural problems. Cracks most often occur at 
masonry openings.

 

Cross section of brick wall showing header course and cement plaster parging on earthwork side of brick wall. 

 

Efflorescence: 

Efflorescence indicates that soluble salts are present within a brick and are migrating to the surface of the brick. An indication of 
chemical reactions within the brick, efflorescence can signal moisture-related deterioration.

 

Mortar Deterioration: 

Loss of mortar, while an expected masonry condition, can contribute to further deterioration by allowing continued moisture 
infiltration. Loss of mortar can be caused by normal leaching-out of lime and through cracking of rigid, high-cement mortars.

 

Structural: 
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Structural deterioration is caused by excessive loading, differential load distribution, soil instability, and inadequate foundation 
support.

 

 

Brick Construction: Treatment Overview

Eliminate the Retention of Moisture: 

Clean drains and clear drainage paths. Clear encroaching vegetation and slope grades to drain away from the structure. Install 
additional drains and repair existing drains.

 

Eliminate or Minimize Rising Damp: 

Install damp course or mechanical barriers that resist hydrostatic pressure. The barrier may be in the form of thru-wall flashing, 
chemical injection, or surface-applied moistureproofing. Install the barrier above grade. Thru-wall barriers are best installed in 
mortar joints by raking out the mortar and inserting flashing material in small sections that do not exceed the width of the wall. 
Flashing sections may be shingled, or lapped as the work proceeds horizontally along the joint. Injection of chemical
consolidant involves the saturation of a portion of the masonry with a material that will render the masonry impermeable. Such a 
procedure depends on the porosity of the masonry and requires extensive testing and coordination. Surface applied 
waterproofing involves digging out around the base of a wall and installing a vertical barrier from the base of the wall to a point 
above grade. The vertical barrier is in the form of a membrane material or trowel-applied asphaltic material. In some cases vertical 
barriers enhance hydrostatic pressure by creating a wick. Vertical barriers must be used in conjunction with other treatment 
methods that relieve the hydrostatic pressure before it can rise in the wall.

 

Brick spalling caused by moisture and thermal expansion and contraction and the use of high-cement mortars. 

 

Consider Cracked Brick:

Cracked brick should be replaced only if the cracking goes all the way through the brick and is a part of a larger, more extensive 
cracking pattern. Replacement will depend on the availability of matching brick. Small hairline cracks that do not extend 
through the brick should be left alone. Cracks wider than one-sixteenth inch can be repaired with tinted grout that matches the 
color of the brick.
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Brick Spalling is Almost Impossible to Repair: 

In some cases, individual bricks may be removed from the wall, cleaned, and reinstalled with the damaged face to the inside of 
the wall. Where spalling is severe, and reversing the bricks is not possible, remedial efforts may be taken to save the remaining 
fabric of the material. Remedial measures include application of a water-repellent coating or the application of paint that matches 
the original brick color. Application of protective coatings is not generally recommended but if used, the coating should be 
breathable and should not significantly alter the brick finish. If salvaged or replica bricks can be obtained, severely damaged 
brick may be replaced.

 

 

Brick Construction: Mortar and Repointing

Mortar joints deterioration is the most common brick masonry problem. The repointing of deteriorated mortar joints requires the 
careful removal of deteriorated, inappropriate, or loose mortar; cleaning the joints; and installation of new mortar. 

 

Identification and Inspection:

Original mortar should be tested to determine its original constituent materials by volume. The constituents will include 
cementitious materials and aggregate. The cementitious materials are composed of Portland cement and/or lime. The aggregate is
usually sand. The usual and accepted ration of cementitious materials to aggregate is 1:3. That is: one part cementitious materials 
to three parts aggregate (by volume). While most nineteenth century mortars before 1880 were lime-sand mortars, the mortar used 
for fortification construction around San Francisco Bay for brick masonry was high in Portland cement content. The extensive use 
of Portland cement mortar was successful because of the relatively constant climatic conditions of humidity and temperature, and 
the rarity of freeze-thaw cycles. The hardness of the brick was also a factor allowing the use of a harder mortar. The character-
defining features of the mortar depend on the color of the binders, the aggregate, and the joint treatment or finish. Mortar joints 
from the post-Civil War period were found to be flush to slightly concave joints about three-eighths to one-half inch wide.
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Typical brick joint showing repointing technique where deteriorated mortar is raked out to a depth equal to about twice the joint width and replacement mortar 
is built up in layers. 

 

Treatment:

Rake out loose mortar from joints using handtools, such as chisels, and remove dust and small debris with a brush of compressed 
air. Avoid damage to adjacent brick. 

Mortar for repointing brickwork should be mixed in the following proportions, subject to adjustments based on laboratory 
analysis: 

White Portland Cement: 

ASTM C 207, Type S one part

White Hydrated Masons Lime: 

ASTM C 150, Types I or III one part

Screened Local Beach Sand: 

ASTM C 144 six parts

 

The mortar should be mixed in a paddle mixer or by hand with clean potable water. Based on laboratory analysis, the proportion 
of lime to cement may vary but the cementitious to aggregate ratio of 1:3 by volume must be maintained.

Finish joints to match original construction profile; concave or flush. After pointing, mortar may be tooled, brushed, or wiped 
(with burlap) when mortar has set to "thumbnail" hardness. 

 

 

Brick Construction: Cleaning and Restoration

Masonry cleaning and restoration involves the removal of stains, mildew, dirt, grime, efflorescence, and paint from the brick 
surface. Masonry cleaning should be approached in a graduated manner. In arriving at an appropriate cleaning and restoration 
program, proceed from the least strong cleaning method to stronger methods. Use only enough chemicals and force to clean the 
material. It is preferable to retain existing imperfections than to permanently damage the structure by improper cleaning. Under 
no circumstances should brick masonry be abrasively cleaned or blasted.

 

Inspection and Testing:

Masonry cleaning and restoration should be accomplished only by experienced specialists implementing a comprehensive 
program. The cleaning and restoration program should be based on the approved results of field testing and sample panels. The 
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cleaning and restoration program must be tailored to specific needs. Most cleaning can be accomplished with low pressure water 
blasting in association with scrubbing with a soft bristle brush. Isolated areas that retain staining or painted coatings such as 
graffiti after initial cleaning may require stronger measures. 

 

Treatment:

1. Prior to the start of overall cleaning, clean a sample control panel for approval and reference. Demonstrate materials and 
methods to be used for cleaning the brick on the sample panel. The panel should be selected to include a range of 
cleaning and restoration requirements and should be of adequate size. Allow panel to stabilize for seven days before 
proceeding with other cleaning work. Longer observation may be appropriate. 

2. Prepare a written program of procedures to be used including a description of the cleaning methods, working pressures, 
materials, equipment, and other information for each type of cleaning procedure. Comply with safety and environmental 
requirements.

3. Clean masonry surfaces only when the air temperature is between forty degrees Fahrenheit and eighty degrees Fahrenheit 
and will remain so for at least forty-eight hours after completion of the work.

4. Perform cleaning and restoration work in sequence with other masonry work. Clean masonry surfaces prior to repointing 
or other restoration work.

5. Proceed with cleaning in an orderly manner; work from the top to the bottom of each segment and from one end of a 
structure to the other. Clean in a uniform and consistent manner. Rinse off any residue by working upward from the 
bottom to the top of each treated area of each segment.

6. Apply water or cleaners in compliance with pressure, volume, and temperature requirements. Hold spray nozzle not less 
than six inches from the masonry surface and spray from side to side in overlapping bands to insure uniform coverage. Use 
low-pressure spray from 100psi to 300psi at three to six gallons per minute.

7. Pre-wet masonry to soften and loosen surface materials. Wash, scrub, and spray with low-pressure spray. Apply cleaner 
only in accordance to manufacturer’s written instructions. Rinse as required to remove all chemicals and residue. Repeat 
cleaning process if required.

 

Materials and Equipment:

Water: clean, potable, non-staining, and free of oils, acids, salts, and organic matter.

Brushes: fiber bristle only

Spray Equipment: low-pressure tank or chemical pump with a fan-shaped spray tip with an angle of not less than 
fifteen degrees.

Chemical Cleaning Solutions: dilute all cleaning solutions to produce mixes of a concentration not greater than 
that required to clean the masonry.

Note: Coordinate cleaning and restoration with other applicable sections in chapter 10. 

 

 

Brick Construction: Graffiti Removal
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Graffiti removal should be treated as a separate and distinct cleaning process. Graffiti removal will require specific treatment 
based on the type of paint used, the number of layers, the condition of the substrate, and the degree to which cleaning may
permanently affect the historic materials involved. Where large areas have been painted with many coats of paint treatment may 
be different than small areas that have a single coat of paint. If graffiti removal, based on tests and sample panels, will 
permanently harm the historic materials a non-permanent, reversible sacrificial coating may be applied to enhance the visual 
effect.

 

Painting Out Graffiti:

Temporary solutions for problem graffiti areas include painting over the graffiti with two coats of any high quality latex paint of 
commercial grade. No special specifications are required. 

Note: Refer to Finishes: General; Exterior Concrete Coatings; and Graffiti Removal, for details and coordination. 

See also Martin E. Weaver, , Preservation Briefs, No.38, National Park Service, 1995, 
and, Anne E. Grimmer, ,
National Park Service, 1988. 

Removing Graffiti from Historic Masonry
Keeping It Clean: Removing Exterior Dirt, Paint, Stains and Graffiti from Historic Masonry Buildings

Cavallo Battery. Preservation charette discussing treatments for graffiti cleaning or breathable, non-permanent coating. 

Cavallo Battery. Graffiti on brickwork forming angle above vault.
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Chapter 9: Treatment Plans

All specific treatment plans should incorporate, as initial steps, the appropriate common treatments discussed in 
chapter 7, with individual treatment plans then developed for each site (Plate 52). The treatment plans must be 
site-specific due to the complexity of each site, the often overlapping periods of construction and occupation, 
and the lack of a comprehensive interpretive plan. Site-specific treatment plans allow treatment to be phased 
and coordinated with other related sites. 

Plate 52. Major spalling and loss of concrete, underside of the battery commander’s walk, 
Battery Kirby, Fort Baker, constructed 1899-1900. Battery commander’s walk added after 
1904. 

 

From the site-specific treatment plans, similar elements can be identified and efficient treatment managed. For 
example, items such as concrete construction, wood and metal doors, waterproofing, handrails, and finish 
treatment issues can be coordinated throughout the system of fortifications insuring consistent and efficient 
treatment in detail. Specific treatment categories to be coordinated throughout the fortifications system include:

Trail Development and Vegetation Control 

Concrete and Masonry Treatment 

Metals Treatment 

Waterproofing Treatment 

Paint and Coatings Treatment 

Graffiti Control and Removal 

Stenciled Signage 

Military Equipment and Fittings 
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Ventilation 

Site-specific treatment plans should include three general categories of treatment: stabilization, preservation, 
and repair and restoration. 

 

Stabilization

Sitework

1. Excavation: Limited excavation to improve surface drainage and to expose materials for investigation 
and testing.

2. Soil Stabilization: Temporary erosion barriers.
3. Earthwork: Limited earthwork to improve drainage and halt erosion.
4. Drainage: Clean all drainage paths including building gutters and downspouts, French drains, area 

drains, and surface drainage paths. Modify slopes to improve site drainage.
5. Landscaping and Vegetation Control: Removal of dead wood, selective removal of trees, clearance of 

brush, tree and brush thinning, and selective planting for soil stabilization.
6. Trails and Paving: Install new trails or pathways by installing compacted crushed stone paving materials. 

Modify slopes for visitor access and maintenance access. 

 

Concrete

1. Cracks and Spalls: Install temporary fillers to prevent moisture infiltration into cracks and spalls. Install 
temporary patches to protect exposed rebar. 

2. Structural Instability: Install temporary braces and shoring to hold unstable structural elements in place.

 

Masonry

1. Brickwork: Perform repairs to brickwork including temporary repointing with lime-sand mortar mix to 
secure bricks and prevent moisture infiltration. This patching mix is easily removed with no damage to 
the masonry. Install reinforcing in brick joints to bridge cracks and minimize separation. Reinforcing 
should be with one-fourth inch diameter galvanized threaded steel rods. Brace brick walls with 
temporary shoring if required.

2. Masonry Cleaning and Restoration: Remove mildew, efflorescence, or mild staining with a mix of water 
and bleach. Scrub with a soft bristle brush and rinse (one cup of bleach to one gallon of water.)

 

Metals

1. Structural Iron or Steel: Exposed structural iron and steel in the form of reinforcing steel and structural 
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steel shapes should not be treated if more comprehensive treatment has been scheduled or if exposure 
threatens loss of material or structural integrity. If structural instability in the form of deflection is noted, 
bracing and shoring may be added to stabilize loading. Avoid attempting to reposition deflections. 
Temporary protection for severe exposure to moisture includes light brushing with a wire brush or steel 
wool, wiping metal with solvent, and the application of a temporary protective coating such as a rust-
inhibiting primer.

2. Imbedded Metal Items: Wipe down with solvent.
3. Handrails: No stabilization required.
4. Miscellaneous Metals: For brass items, such as hinges, brush with a soft bristle brush to remove 

efflorescence and wipe with solvent.
5. Vegetation: Remove vegetation in contact with metal surfaces. 

 

Carpentry

Wooden Materials: Provide temporary protection for exposed wood by cleaning away debris, rot, and 
any absorbent materials in contact with the wood. Remove any vegetation in contact with wood. With a 
dry brush, clean away any fungus, mold, or other surface growth. Brace sagging wood structures. 
Bleach in water may be used to remove mildew from wood surfaces. 

 

Moisture Protection

1. Patch obvious leaks at cracks and joints using silicone sealants or lime-sand mortar mix (1:1 by volume) 
to minimize moisture infiltration.

2. Institute regular ventilation program.

 

Doors and Windows

1. Remove conditions that promote standing water adjacent to doors.
2. Install padlocks where existing hardware permits.
3. Brace doors that are warped or distorted.
4. Install painted plywood covers over existing windows to protect remaining historic fabric. Plywood 

should have holes drilled to allow for ventilation.

 

Finishes

Remove conditions that promote moisture such as encroaching vegetation or standing water.

 

Special Items
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1. Secure or remove historic materials subject to vandalism or active deterioration to secure storage 
location.

2. Institute temporary ventilation program.

 

Preservation

Sitework

1. Excavation: As required for drainage improvement, investigation and testing, and for preservation of 
historic waterproofing materials.

2. Soil Stabilization: Installation of soil stabilization fabrics and barriers to preserve earthworks.
3. Earthwork: As needed to preserve berms and overhead earthen coverings including cut and fill work.
4. Drainage: Make historic drainage systems operable by cleaning out piping, drains, and drainage paths. 

Remove metal grates and apply protective coatings and patch inlets and piping. Clean and maintain 
integral drainage systems of structures.

5. Landscaping and Vegetation Control: Removal of dead wood, selective tree and brush removal, tree and 
brush thinning, and removal of all trees that have roots causing structural or moisture-related 
deterioration.

6. Trails and Paving: Install new trail materials, modify slopes for visitor and maintenance access, and 
coordinate trails between sites where possible. Augment with appropriate signage.

 

Concrete

1. Cracks and Spalls: Install permanent patches conforming to building lines and finishes to prevent 
moisture infiltration.

2. Structural Instability: Install permanent braces or shoring to hold concrete in a stable position. Where 
possible, realign concrete that has separated to original position and brace in place. Install visible 
permanent anchors or braces.

 

Masonry

1. Brickwork: Perform repairs to brickwork including permanent repointing with historic mortar mix, 
reverse deteriorated bricks, and reset bricks around cracks utilizing imbedded reinforcing ties.

2. Masonry Cleaning and Restoration: Remove mildew, efflorescence, and staining with bleach-water mix 
or approved chemical applications. Remove graffiti by approved means.

 

Metals

1. Structural Iron and Steel: Gritblast any exposed structural iron or steel, wipe with solvent, prime, and 
paint. Apply approved and tested migrating rust-inhibitors to concrete for protection of imbedded metal 
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reinforcing. Install braces, shoring, or structural scabs to metals where required for structural integrity.
2. Imbedded Metal Items: Wipe with solvent and coat with microcrystalline wax or rust-conversion coating.
3. Handrails: Reset handrails in sleeves and regrout. Clean metal by gritblasting, wipe with solvent, prime, 

and paint. Screw down all escutcheon plates.
4. Miscellaneous Metals: For brass items, brush to remove efflorescence, wipe with solvent, and provide 

protective wax coating.

 

Carpentry

Wooden Materials: Remove rotted wood and replace with treated lumber. Install wood bracing or 
missing elements sufficient for structural stability and moisture protection. Remove sources of moisture 
such as vegetation or standing water. Secure connections. Prime wood with anti-fungal primer and apply 
finish coats that contain anti-fungal components.

 

Moisture Protection

1. Where obvious leaks in waterproofing coatings are found, excavate any fill covering the material and 
repair using compatible materials. Patch any holes, penetration, or cracks allowing moisture infiltration. 

2. Repair exposed roofs of concrete structures by application of appropriate, approved coatings.
3. Repair integral drains and gutters in concrete structures and make operable.

 

Doors and Windows

1. Wood Doors: Remove wood doors from hinges, provide temporary closure, and move doors to shop. 
Disassemble doors, replace rotted wood, gritblast metal frame and hardware, prime wood and metal and 
paint, and reassemble. Reinstall doors.

2. Ferrous Metal Doors: Remove metal doors, provide temporary closure, and move door to shop. Gritblast 
entire metal door and frame, wipe with solvent, prime, and paint. Reinstall door.

3. Hardware: Remove loose hardware and repair in shop. Repair fixed hardware in place. Clean hardware. 
If iron or steel, gritblast and apply appropriate finish. If non-ferrous metal, clean and wax. Reinstall.

4. Wood Windows: Remove window sash, repair frame in place, and repair sash in shop. Replace rotted or 
deteriorated stiles, rails, and muntins; prime; and reglaze. Reinstall window.

5. Ferrous Metal Windows: Clean metal frames and sash free of rust and loose paint. Replace missing 
elements and hardware. Prime, reglaze, and paint. Install sealants and make windows operable.

 

Finishes

1. Remove conditions that promote moisture deterioration such as vegetation and standing water. 
2. Prepare surfaces, prime, and paint scheduled items including metals and wood. Do not remove remnants 

of historic concrete camouflage coatings or paint concrete surfaces.
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Special Items

1. Preserve fixed items in place where possible. Reinstall items removed for security and shop repair. 
2. Clean all fixed items.
3. Provide electrical service to each site and install basic lighting for interior spaces.
4. Institute regular ventilation program at each site utilizing restored or augmented ventilation systems or 

portable fans as needed to dissipate moisture.

 

Repair and Restoration

Sitework

1. Excavation: Perform excavation to expose and repair waterproofing surfaces, to repair or install drainage 
systems and underground utilities, and to restore original earthwork configurations.

2. Soil Stabilization: Perform soil stabilization measures as needed to stabilize soil around earthworks and 
foundations. Install erosion control fabrics, stable fill materials, and erosion control structures.

3. Earthwork: Restore earthworks by cutting, filling, and reconfiguring to achieve interpretive intentions.
4. Drainage: In addition to the restoration of existing drainage systems, perform drainage construction as 

needed to achieve site preservation and maintenance requirements.
5. Landscaping and Vegetation Control: In addition to tree removal and vegetation control, plant mixed 

native grasses for erosion control and to achieve period landscape character.
6. Trails and Paving: Install trails, paved areas, ramps, and steps for visitor access and safety. Restore 

original bituminous paving as a character-defining feature of the fortifications.

 

Concrete

Restore concrete by patching all spalls and cracks that admit or trap moisture, closing separations, and 
realigning shifted concrete. Perform epoxy injection to major structural cracks and separations. Install 
additional hidden reinforcement, jacks, dogs, and braces to maintain concrete stability. Reconstruct 
missing concrete elements.

 

Masonry

Fully restore brickwork by repointing all deteriorated joints, reversing damaged brick, patching brick, 
inserting reinforcement, and cleaning brick. Restore missing elements with replicated or salvaged 
matching brick. Remove graffiti in an approved manner.

 

Metals
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1. Structural Iron and Steel: Restore exposed structural iron and steel by preparing surfaces, priming, and 
painting. Tighten all connections and fill voids. Construct and install replicated structural metal items 
such as frames, stairs, ladders, and other items.

2. Imbedded Metal Items: Restore imbedded metal items such as maneuvering rings by resetting and 
regrouting if required. Restore surfaces and apply protective wax coatings.

3. Handrails: Restore existing handrails and fabricate new handrails to match where original rails are 
missing or cannot be restored. These include, square section bars, chain rails and stanchions, and pipe 
rails and fittings. 

4. Miscellaneous Metals: Clean metals and restore original finishes. 

 

Carpentry

Wooden Materials: Restore all structural wood framing, trim, doors, windows, and other wood items.

 

Moisture Protection

1. Restore all waterproof coatings on vertical and overhead surfaces. Repair drainage courses, French 
drains, and replace missing clay drainage tile. Apply protective coatings to roofs and cast concrete drains.

2. Install sealants at cold joints, expansion joints, at window and door frames where moisture is admitted or 
trapped.

3. Roofing: Install new built-up roofs to replace original deteriorated or damaged roofs and ballast with 
matching local gravel. 

 

Doors and Windows

1. Wood Doors: Restore all exterior wood slab doors in metal frames to a secure and weatherproof 
condition. Replace deteriorated wood to match original wood, prepare wood and metal surfaces, and 
paint.

2. Metal Doors: Restore all exterior metal sheet doors in metal frames to a secure and weatherproof 
condition. Replace or restore severely deteriorated metal, prepare surfaces and paint.

3. Hardware: Restore all hardware including latches, hasps, eyes, and other fittings, prepare surfaces and 
paint. Install padlocks.

4. Wood Windows: Restore all wood windows; replace missing or deteriorated parts or entire unit; reglaze, 
paint, and install sealants.

 

Finishes

1. Historic Concrete Coatings: Restore original paints and camouflage coatings on concrete matching 
original finishes. Remnants of original finishes may be damaged/destroyed if full restoration is selected. 
Document original finishes. Approximate original colors and textures. Where original mixes called for 
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the use of oil on concrete, select a substitute binder and reconfigure mixture to avoid oil which is 
destructive to concrete.

2. Interior Finishes: Restore interior paintwork and whitewash finishes.
3. Ferrous Metal Coatings: Prepare surfaces by gritblasting, solvent wiping, and rust-conversion coating. 

Prime with zinc-rich or rust inhibiting primer, and paint with at least two coats of exterior enamel finish 
paint.

4. Wood Coatings: Prepare surfaces to bare wood or stable paint layer; prime with anti-fungal primer; and 
apply at least two coats of exterior enamel finish paint.

5. Graffiti Removal: Remove graffiti by approved means designed to cause minimal damage to substrate.
6. Signs and Stenciling: Protect existing historic signage and stencils. Restore by careful repainting or 

restenciling. Add new stenciling where supported by documentation.

 

Special Items

1. Mounted Equipment: Where possible and when available, purchase and install period or replicated 
equipment.

2. Military Hardware and Equipment: Where possible and when available, purchase and install military 
hardware and equipment including guns, optical instruments, communications equipment, furnishings, 
and other similar items.

3. Ventilation: Restore and make operational all mechanical and gravity/convection ventilation systems. 
Install new permanent mechanical or gravity/convection ventilation systems where interior spaces were 
not vented. Establish a regular ventilation program according to the quantity of air flow needed to 
dissipate accumulated moisture.

4. Electrical and Communications Equipment: Install underground electrical power to each site. Install 
disconnects, panels, wiring, conduit, switches, outlets, and fixtures as required for maintenance and 
approximating original lighting. Restore exposed fittings and fixtures.c

1/22/03 2:48 PMChapter 9

Page 8 of 8http://www.nps.gov/goga/history/seaforts/chap9&10/chapter9.htm



Chapter 10: Treatments and Procedures

Regulations and Standards

Treatment and protection regulations and standards are set forth by the of 
1966, as amended, and 

(1995 and 1996).

National Historic Preservation Act 
The Secretary of the Interior’s Standards for the Treatment of Historic 

Properties

 

 

 

Objectives

The objectives of any treatment program for a large integrated group of historic structures are to maintain 
integrity, preserve character-defining features, and to retain, to the greatest extent possible, the original 
materials. These objectives are modified by the limitations of budget, manpower, codes, life-safety regulations, 
hazardous materials abatement, and requirements for efficient operations and interpretation. 

 

 

Inspection Procedures

An effective treatment program has as its foundation a regular and comprehensive building inspection 
procedure. Inspections should be accomplished by trained and experienced staff members on a regular basis 
and according to standardized procedures. While a comprehensive inspection program can greatly assist in 
gathering information, the knowledge and experience of the inspector is essential. A standardized inspection
procedure is needed to identify and list deleterious conditions. Personnel are advised to use side two of the 
Coast Defense Resource Checklist to identify and document problems, and to use the Action Log to record site 
visits, products applied, and actions taken. Both forms are provided in Appendix C. In any procedure the skill 
of the inspector is called upon to synthesize the various data, to identify patterns of deterioration, and to make
critical judgments about treatment requirements. When a condition of deterioration is identified, it may be an 
isolated problem or it may involve other related conditions. The inspector must be able to determine the 
involvement of related materials and conditions in setting forth a detailed treatment program.
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Documentation and Records Maintenance

Documents that pertain to the treatment of the fortifications may be found at the Park Archives of the Golden 
Gate National Recreation Area. These documents include:

Original architectural drawings

Annual reports of the Chief of Engineers, U.S. Army, to the Secretary of War (selected excerpts)

Manuals

Historic maps

Historic photographs

Aerial photographs

Maintenance records

A file should be established for each site and should include updated copies of the Coast Defense Resource 
Checklist and Action Log, and record-photographs as well as reproductions of historical documentation. The 
development of working files with reproductions is important to make information readily accessible to those 
who actively deal with the fortifications and to minimize use of original records. When completed Coast
Defense Resource Checklist and Action Log forms are superceded, the non-current forms should be kept as a 
part of a site’s permanent maintenance file. 

 

 

Testing Procedure

Materials testing is an essential element in any treatment program, particularly where historic resources are 
involved. Determining composition, constituent and proportional parts of materials, and characteristics of 
materials for analysis of the causes of deterioration should be considered early in the treatment process. A base 
line testing program should include the following materials:

Concrete (various types)

Brick

Mortar

Paints and Coatings (various types)

Soils and Geotechnical
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Hazardous Materials

All testing should be as non-destructive as possible. Where testing requires the taking of samples for off site 
analysis, samples should be taken carefully and from inconspicuous places. Testing should be to standards 
generally governed by the ASTM (American Society for Testing Materials, latest standard or revision) or other
recognized testing standard. Test data should be placed in site files. Specific testing requirements are included 
in appropriate technical sections that follow.

 

 

Procedures and Controls

Procedures and controls refer to the administration of treatment programs. Treatment programs for complex 
historic preservation projects require careful coordination and consistent administration. Before any treatment 
program is initiated coordination meetings are required and should include all interested parties. Where
culturally and environmentally sensitive resources are involved preliminary scoping meetings are essential. For 
the treatment of fortifications, these meetings should include:

Architects

Historians

Archeologists

Botanists

Landscape Architects

Interpretive Planners

Engineers

Material Testing Engineers

Wildlife Biologists

Law Enforcement

Hazardous Materials Specialists

Maintenance Specialists
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Safety

General safety requirements are covered in OSHA General Industry Safety and Health Standards (29 CFR 
1910), Publication V2206, and OSHA Construction Industry Standards (29 CFR 1926) and other related 
standards. Other health and safety related information is contained in OSHA Publication 2207, National 
Emission Standards for Hazardous Air Pollutants (40 CFR, Part 6), and Environmental Protection Agency 
Final Rule (40 CFR, Part 761, latest edition). Note: OSHA, EPA, and other local and state regulations are 
subject to regular revision. Always check for revisions, latest editions, and newly promulgated regulations.

Material Safety Data Sheets are governed by Federal Standard 313A. Submission of Material Safety Data 
Sheets should be required for all products and materials used for treatment. The Data Sheets should be 
reviewed prior to the initiation of work.

 

 

Protection

1. Take all necessary precautions to prevent injury or property damage.
2. Store, position, and use equipment, tools, materials, and other associated items in a safe manner in order 

to avoid hazards.
3. Maintain unobstructed work paths and exit corridors.
4. Provide and install fences, barricades, scaffolding, bracing, shoring, and other appurtenances as required 

for safe operations.
5. Institute safety measures specifically designed for excavation, trenching, scaffolding, and bracing as 

prescribed by applicable laws and regulations.

 

 

Products and Materials

All products and materials should be of high quality and appropriate for the work. Products and materials 
should be carefully evaluated prior to application or installation. General requirements for evaluating, handling, 
and using products and materials are as follows:

1. Select material based on sound research and evaluation.
2. Require Material Safety Data Sheets for all products and materials.
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3. Select materials appropriate for the particular work.
4. Where materials or products are selected to duplicate, replace, or approximate historic building materials 

greater care must be used in determining product and material appropriateness and compatibility.
5. Assure that products and materials meet required standards and regulations and that labels reflect 

compliance.
6. Use standard products that are compatible with other materials.
7. Deliver, handle, and store products and materials in accordance with manufacturer’s recommendations in 

order to prevent damage, deterioration, or loss.
8. Maintain and enforce product warranty. Coincidental product warranty is available when manufacturers 

publish or list a warranty in connection with a product without regard for specific application except as 
limited by terms of the warranty. Document date of installation, inspection, and expiration of warranties.

9. Install products according to a manufacturer’s written instructions.
10. Maintain all product information, inspection reports, warranties, Material Safety Data Sheets, and other 

records.
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Recommended Treatments

Following are forty-five recommended treatments for subcategories of sitework, concrete, brick construction, 
metals, carpentry, moisture protection, doors and windows, finishes, and special items. Each is presented in a 
single-page format, and most are illustrated by architect sketches, or, historic and contemporary photographs. 

Sitework: General

Due to the mass and weight of masonry and concrete, extensive site preparation was a major component of original construction. 
Excavation, backfilling, cutting, and grading permanently altered the natural terrain around the fortifications. Steep slopes, unstable
soils, seismic activity, and the massive nature of construction activities contributed to site disturbance.

Identification:

Sitework associated with coastal fortifications is limited to the immediate area of disturbed earth around or adjacent to the original 
construction. Sitework includes excavation, soil stabilization, earthwork, drainage, landscaping, paving, vegetation, walkways and 
paths, and other related items. 

Inspection and Testing:

It is essential that disturbed areas be inspected in order to mark limits of responsibility, to constrain environmental regulation that 
would otherwise include previously disturbed areas, and to provide accurate quantities for estimating treatment costs. It should be 
noted that environmental regulations may still apply inside disturbed area boundaries, particularly regulations concerning botanical 
and biological habitat. Coordination with environmental managers within the Golden Gate National Recreation Area is recommended 
at the earliest stages of project planning. Locate and protect existing underground utilities.

 

 

Battery Wallace. Cross section showing gun pit, concrete mass, burst slab, and earthworks. 
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East Battery. Flooded magazine entry. 

 

Treatment

Site drainage is critical to move both surface water and water collected by fortification drainage systems away from the base of the 
fortification. Over the years grades adjacent to buildings tend to build up with soil and organic matter. The accumulated soil traps 
moisture and impedes drainage. Achieving effective drainage at fortifications is often key to all site treatments.

 

Work Categories:

1. Excavation.
2. Soil stabilization.
3. Earthwork.
4. Drainage.
5. Landscaping and vegetation control.
6. Trails and paving.

 

 

Sitework: Excavation

Causes:

Excavation is usually associated with other construction operations. Excavation may provide useful information about original 
construction by exposing covered items such as waterproofing coatings, protective tile, evidence of soil stabilization methods, and
compaction levels or "lifts." Excavation may also identify the extent to which fill materials were imported from remote sites. 

 

Identification:

Excavation is limited to designated areas and only for the purpose of earth removal to expose structures for investigation and 
treatment, to repair or install underground utilities, or to remove accumulated earthen fill adjacent to structures. Excavation includes 
removal of soil fill covering fortification features. Excavation should only be initiated under the direct supervision of the project 
architect/engineer. 

 

Inspection and Testing:

Take and mark samples during excavation for storage and classification. Field notes and photographs should be made of all 
excavations.
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Battery Crosby. Concrete elevations for ammunition hoist (right) and crow’s nest (center). 

 

Battery Duncan. Cross sections through battery (top) and gun emplacement (bottom). Note the weakened plane joints and the relationship between earthwork and 
concrete. 

 

Treatment:

Excavate using hand tools and equipment under controlled conditions. Excavate only to the depth and extent indicated. Excavated 
materials should be carefully stored on the site and covered to prevent erosion. After excavation backfill using original soil materials.
Compact backfill in lifts of not more than six inches to match original density. Monitor any settlement and install additional fill as 
needed to achieve original grades.

 

Coordination:

Coordinate any excavation with a park archeologist and with a military historian familiar with coast defense fortifications.

 

 

Sitework: Soil Stabilization

Soil stabilization refers to strengthening soil stability by means of the addition of lime and/or Portland cement to soil or by the use of 
soil base materials that are inherently resistant to expansion or migration—such as crushed limestone or granite. This type of soil 
stabilization is only appropriate where excavation has exposed original construction or stabilization is to correct erosion. Berm 
stabilization by means of vegetative ground cover or netting is covered under Sitework: Landscape and Vegetation.
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Identification:

Historic soil stabilization, such as that carried out with stable base materials during the Endicott and Taft periods and soil-cement 
mixing as carried out during the World War II period may be identified by changes in soil color and composition. Base materials will
appear in contrast to soils of the local site. Lime or cement stabilizers were surface applied to subsoils and wetted. These stabilizers 
may appear as thin friable layers with indistinct edges when viewed in section.

 

Battery Davis. Cement-soil stabilization, first operation, April 1938.

Battery Davis. Cement-soil stabilization, second operation, April 1938.

 

Inspection and Testing:

Inspection should be by a civil engineer. Testing is not required except in extreme conditions of erosion, settlement, or soil movement. 
Testing includes but is not limited to:
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Field Density

Plasticity Index

 

Treatment:

1. Compact soil to at least ninety percent of Standard Proctor (ASTM D 698) maximum dry density.
2. Scarify soil surface to a depth of six inches.
3. Apply cement (or lime) at a rate of not less than sixteen pounds per square yard. And disk in to achieve a soil cement mix.
4. Add water and compact to maximum density.
5. Add additional layers of compacted soil to achieve desired grades.

Note: The installation of geosynthetic fabric soil stabilizing materials or degradable jute mesh may be appropriate in order to provide 
additional stability. 

 

Coordination:

Coordinate all soil stabilization with recommendations provided in Sitework: Excavation; Earthwork; Drainage; and, Landscape and 
Vegetation. 

 

 

Sitework: Earthworks

Earthwork consists of cutting, filling, and grading earth adjacent to fortifications. Earthwork includes existing earthen berms built in 
association with masonry or concrete fortifications. Original earthen berms have suffered isolated erosion and settlement. Treatment 
includes cutting, filling, grading, and reshaping existing berms.

 

Identification:

Earthen berms are integral components of fortifications and are found on or adjacent to related masonry or concrete structures. The 
berms are usually steep-sloped, flat-topped formations that contrast with natural terrain. However some earthworks appear as extensions 
of natural topography and, due to overgrown vegetation, may be difficult to distinguish.

 

Inspection and Testing:

Not required.
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East Battery. Erosion of earth cover on magazine roof as a result of informal trail. 

 

Treatment:

Where berms have been damaged by erosion, soil instability, or seismic activity, corrective action is required. Depending on the level 
of treatment prescribed, earthwork may involve work ranging from interim stabilization to full restoration. 

Stabilization:

1. Add selected fill material to eroding areas and compact by hand.
2. Monitor erosion and replace soil wash.

Preservation:

1. Add selected fill to eroding areas and compact by hand.
2. Add approved ground cover to bare areas and maintain.
3. Monitor erosion and plant growth and replace soil wash.
4. Install degradable jute grid fabric to stabilize slopes.

Restoration:

1. Perform excavation and soil stabilization as required.
2. Excavate to stable soil materials and make repairs to structures, foundations, and waterproofing materials. Install new drainage 

systems or repair existing systems.
3. Install geotextile fabric reinforcement sheets according to manufacturer’s written instructions and the Federal Highway 

Administration (FHWA), American Association of State Highway and Transportation Officials (AASHTO), and Geosynthetic 
Research Institute (GRI) standards. 

4. Backfill with original earthen materials and compact soils in six-inch lifts.
5. Hand grade topsoil to achieve original lines and grades.
6. Install vegetative materials. (See Sitework: Landscaping and Vegetation.)

 

Coordination:

Coordinate all earthwork with other related sitework sections and with a park archeologist.
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Sitework: Drainage

Drainage work includes repair or replacement of existing surface and subsurface drainage systems. These systems include French 
drains, piping, intercept and trench drains, area drains, rock drainage courses, and tile drainage cavities adjacent to vertical concrete 
surfaces. These drainage systems were designed and originally installed to remove and disperse surface water from rainfall. Drainage 
systems were a consideration in the original design of the fortifications and are shown on drawings and described in engineers reports. 
The critical importance of drainage is illustrated by notations on drawings for regular maintenance of drainage lines and gutters.

 

Identification:

Existing drainage systems may be identified by reviewing original drawings, by visual inspection in the field, and by investigation. 
French drains and drainage courses usually occur at the base of vertical wall planes of structures. Subsurface drain lines usually drain 
from downspout leaders and can be located by digging and following the lines. Metal detectors may locate cast iron piping. Area and 
trench drains occur in locations where surface water can be intercepted. Surface drainage is across sloped surface planes.

 

Inspection and Testing:

Individual site inspections coordinated with the use of original drawings should locate visible and suspected drainage lines. Selective 
excavation may determine actual locations, depths, and slopes. Testing with high pressure water may help to locate lines and leaks. 

 

Battery Godfrey. Surface drainage system on blast apron composed of pipe, earth fill, and asphalt or oil-saturated earth. 

Treatment:

Cleaning and repair of existing drainage lines:

1. Flush existing drain lines using high pressure water to remove accumulated debris. Insert hose in drainage inlet and observe 
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outflow or leaks. Excavate where leaks are observed.
2. Repair or replace broken or deteriorated segments of drainage piping with like materials.
3. Retest with high pressure water and observe outflow. Clean excess soil and debris from outflow opening.

Installation of new drainage lines:

1. Where drainage lines have collapsed, replace with like materials or Schedule 40, four-inch diameter PVC piping and connections.
2. Slope drain lines a minimum of one-eighth inch per linear foot.
3. At inflow clean, repair, or replace drain device.
4. At outflow, position splash block to avoid erosion.

Installation of trench and area drains:

1. Install trench drains or area drains to replace deteriorated or missing units or install new drain inlets where required to protect 
existing fortifications from erosion damage.

2. Install additional piping, fittings and drain lines as required.

Sloped surface drainage:

1. Slope drainage surfaces a minimum of one-eighth inch per linear foot.
2. Remove impediments to drainage and maintain clear drainage paths.

Note: Repair of drainage systems is associated with waterproofing and clay tile in the Moisture Protection section.

 

 

Sitework: Landscaping and Vegetation

Landscaping and vegetation include the control of overgrown, intrusive vegetation and the installation of appropriate vegetative 
ground cover for earthworks and berms. Changes in vegetative cover since the construction of the various fortifications have altered
original appearances. Post-Civil War fortifications used earthworks for protection. Fortifications from the Endicott and Taft periods 
combined earthworks with concrete construction for protection and camouflage. The advent of aviation changed World War I and
World War II-era earthworks by including overhead protection and camouflage.

 

Identification:

Review of historic photographs, drawings, and military reports should be compared with existing vegetation conditions at each 
fortification. The extent of vegetative changes should be noted and recorded. Accurate identification of vegetative materials by a
botanist experienced in local plants is critical.

 

Inspection and Testing:

A complete vegetative survey should be completed for each fortification. Trees, shrubs, woody vines, and grasses should be noted as 
well as any endangered plants or critical habitat.
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Battery Blaney. Volunteer coniferous tree growing through a gun mounting ring. 

 

Treatment:

1. Preservation of historic earthworks.
2. Retention or restoration of character-defining earthwork features.
3. Restoration, to the greatest extent possible, of the landscaping and vegetative elements as originally planned.
4. Compliance with existing environmental requirements.
5. Ease of maintenance.

General treatment priorities:

1. Remove all dead wood and fallen trees.
2. Selectively remove trees that are causing root damage to existing historic structures.
3. Encourage the establishment of a natural mix of low maintenance native grasses for ground cover.
4. Remove invader species.
5. Thin trees to remain, especially to allow adequate sunlight for the ground cover and to reduce the accumulation of organic 

matter.

Specific treatment requirements:

1. Cut trees flush with the ground using chain saws. Treat stumps of deciduous trees with an approved herbicide. (Coniferous tree 
stumps require no treatment.)

2. Tree cutting and pruning should be accomplished by a trained arborist and felling should be carefully planned to avoid damage 
to historic resources.

3. Install a naturally proportioned mix of low maintenance native grasses.
4. Mowing should be minimized and limited to areas adjacent to trails. String-type powered weed cutters may be used but not 

adjacent to historic structures. Weed cutters can damage original historic materials if used inappropriately.
5. Due to the danger of fire spread and the dense urban environments nearby, controlled burning is a carefully monitored procedure 

in the Golden Gate National Recreation Area. It is generally inappropriate as a treatment for controlling vegetation in the 
immediate vicinity of gun batteries. 

 

Coordination:

Coordinate all landscaping and vegetation control with environmental regulations.
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Sitework: Trails and Paving

Trails and paving include work to establish trails and to retain and treat original paved surfaces associated with fortifications. Trails are 
for use by the visitor while historically paved areas are a part of the fabric of the fortifications. Existing trails require repair and 
maintenance and, in some cases, improved trails are required to enhance the visitor experience and augment interpretation. Existing 
historic paving includes compacted soil materials, bituminous surfaces, and concrete walkways.

 

Identification: 

To determine original paved areas and walkways associated with the construction and use of the fortifications refer to original 
drawings and historic photographs. These areas should be noted and compared to existing trail configurations. The extent of paved 
areas, walkways, and trails should be recorded and included in each site folder. In addition, informal paths made by visitors should be 
noted and evaluated for potential damage to earthworks.

 

Inspection and Testing:

Bituminous and asphalt paving materials should be sampled and the composition noted in site folders.

 

Battery Marcus Miller. General view showing a well-defined trail adjacent to a battery structure. 

 

Treatment:

1. Develop a trail system for each site and, where possible, link trails to adjacent sites.
2. Lay out trails to follow natural terrain and to minimize disturbance to historic earthworks.
3. Select appropriate trail materials that achieve maximum compaction and are low maintenance.
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4. Avoid steep slopes and, where possible, comply with requirements and National Park Service 
standards.

Americans with Disabilities Act

5. Where existing historic paving, such as bituminous surfacing, has been applied minimize access in order to preserve original 
fabric. Due to environmental and surface drainage considerations, restoration of bituminous surfaces should be avoided.

 

Materials:

Trails: crushed local red rock compacted to maximum density and sloped to drain.

Edging: pressure treated wood, metal, or concrete.

Steps: treated timber or concrete.
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Chapter 7: Elements of Deterioration 

Plate 47. Concrete spalling is evident in the splinterproof at Battery Crosby, Fort 
Winfield Scott, constructed 1899-1900. Splinterproof added between 1904 and 
1912. 

Just as the fortifications reflect the evolution of fixed weapons from smooth-bore cannon to large caliber rifled 
guns and missiles, the fortifications show an evolution of construction methods and materials that parallel 
technological innovations that occurred from the Civil War to the Cold War (Plate 47). Construction methods 
and logistics such as roads for access, materials storage and handling, and water and power for construction 
permanently altered the immediate building sites and the surrounding landscape. Beyond the design influences 
of terrain, armament, and military doctrine, the fortifications represented mastery of traditional brick masonry 
construction, experimentation with plain and reinforced concrete construction during its formative period, and 
ultimately proficiency in advanced reinforced concrete construction. 

The U.S. Army Corps of Engineers was well-informed about advances in the technology of limes, mortars, 
and cements both in the United States and in Europe in the latter half of the nineteenth century. Indeed, the 
military’s interest paralleled early experimentation in the development of Portland cement in England and 
Europe and the Rosendale cements in the United States. Due to the limitations in the quality, consistency, and 
quantity of naturally occurring cements, military engineers sustained a keen interest in the manufacture of 
kilns, rock crushers, testing methods, structural calculations, and in new uses for cementitious materials. The 
value of cement in military construction was obvious. When combined with sand, gravel, crushed stone, and 
water in proper proportions, cement became concrete. Concrete had enormous structural advantages,
particularly in resisting compressive forces. But concrete was found to be weak in resisting tensil forces. The 
U.S. Army Corps of Engineers was aware of concrete’s tensil limitations and had been following French 
experiments that placed tension-resisting metal within the compression-resisting concrete. The French called the 
reinforced concrete mix beton agglomere. 

Concurrent developments in steel manufacture, and an understanding that certain steel configurations could 
span great distances, led to the replacement of wooden structural elements in situations requiring long spans. 
The Chicago fire of 8 October 1871 pointed out the benefits of fireproof construction and lead to the 
combination of steel I-beams with either hollow tile or concrete to produce fireproof floor and roof systems.
The parallel developments of fireproof construction and the combining of concrete and reinforcing steel to 
create a material that resisted both tension and compression merged near the end of the nineteenth century to 
form reinforced concrete, a material that would change the building culture of the twentieth century. That the 
U.S. military was an early observer, experimenter, and builder in reinforced concrete was not an accident of 
history; rather, it was the result of fifty years of attention by the U.S. Army Corps of Engineers. That attention 
would have profound effects that changed the military fortifications from brick masonry construction to one 
that relied heavily on reinforced concrete at the end of the nineteenth century. 
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In 1871, as an example of the military’s concern with the technological possibilities of both concrete and steel, 
Quincy Adams Gillmore of the U.S. Army Corps of Engineers issued a report on 
under . In the report Gillmore discusses the raw
materials, characteristics, and potential uses of an experimental material that would become known as 
reinforced concrete. Beyond its general use in construction, Gillmore noted that  could be "used in 
fortifications, for foundations, generally, both in and out of water; for the piers, arches, and roof surfaces of 
casemates; for parade and breast-height walls, for counterscarp walls and galleries; for scarp walls, except those 
that shield guns; for service and storage magazines; for pavements of magazines, casemates, galleries, &c, and 
generally for all masonry not exposed to direct impact of an enemy’s shot and shell." Gillmore’s reservations 
about exposing to direct fire may reflect both a lack of understanding of reinforcement and ongoing 
experiments into impact-absorbing earthen fill configurations.

beton agglomere
Professional Papers, Corps of Engineers, U.S. Army, No.19

beton

beton 

 

 

Existing Conditions

Causes of Deterioration

The historic and architecturally significant coast fortifications in the Golden Gate National Recreation Area 
have been exposed to a harsh environment high in moisture and salt. Built largely on seismically and 
structurally unstable soils and steep slopes, the fortifications have experienced all of nature’s destructive forces 
except for the damaging effects of regular freeze-thaw cycles. In addition to wind loads, salt-laden moisture, 
and seismic instability, the fortifications have suffered from intrusive vegetation, vandalism, general neglect, 
and a lack of regularly scheduled maintenance. Methods used to construct the fortifications were themselves 
characterized by change, primarily due to steadily advancing experimentation at the batteries. Brick masonry 
and concrete construction, used in association with earthworks, dominate the construction materials. The 
relatively small number of materials used in the fortifications, and their consistency of design and construction 
techniques within distinct periods, however, is a counterpoint to the irregularity of historic construction
methods over multiple periods—and as such offers an advantage in developing a treatment program. 

Deterioration may be caused by a single condition or by the combined effect of a number of conditions acting 
together. Based on the building types, materials, and environment, the following causes of deterioration are 
present and typical:

Erosion by wind and/or water.
Seismic movement or soil instability.
Moisture infiltration.
Salt- and moisture-related corrosion.
Thermal expansion and contraction.
Intrusive vegetation.
Inherent design and structural deficiencies.
Removal of building elements.
Lack of regular maintenance.
Vandalism.
Visitor impact.
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Identifying Characteristics

Preliminary identification of deteriorated conditions requires review of drawings and associated documents, 
visual inspection, and analysis. Deterioration may be recognized by the following indicators:

Presence of moisture.
Discoloration, staining, efflorescence.
Cracking within a material.
Cracking or separation at joints of different materials.
Sagging, deflection, or material failure.
Material loss, spalling, surface erosion, or exfoliation.
Accumulation of soil or organic matter at or on building elements.
Mildew, fungus, or plant growth.

Some signs of deterioration may not be readily apparent due to vegetative cover, soil covering, or the nature of 
the original construction. While the indicators of deterioration, listed above, may suggest active deterioration of 
a specific kind, the exact location and extent of deterioration requires more careful analysis. Indications of 
deterioration may also suggest that testing is required. Indications of deterioration usually do not occur in 
isolation but in related groups. Recognition of patterns of related elements of deterioration is critical to 
understanding active and latent deterioration and taking appropriate corrective action.

 

 

General Conditions Assessment

The historic and architecturally significant buildings and structures that comprise the coastal fortifications 
around San Francisco Bay have suffered extensive past deterioration and continue to suffer from the effects of 
active deterioration. Historic engineering records, in the form of annual reports from the Secretary of War,
reported deterioration even as the batteries were under construction. Original architectural and engineering 
drawings for a number of the batteries were marked with specific recommendations for maintenance. Despite 
the effects of nature, historic use, and abandonment, the batteries and supporting facilities retain significant 
integrity of materials, context, and association.

The consistency of the materials and construction techniques within each period leads to a certain consistency 
in the elements of deterioration. A general assessment of condition includes the following material-specific 
items:

Earthworks
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Bermed earthworks, built in association with masonry or concrete batteries were placed so as to absorb impact 
of shells and to blend, or hide, fortifications from view. Earthworks are in generally good condition with 
isolated erosion and soil instability. Seismic activity and erosion have undermined some smaller concrete
structures at Battery Townsley and Battery Crosby. Battery Mendell was placed on an eroding sand hillside 
and has developed serious structural problems. Other batteries including Battery Boutelle exhibit major 
cracking. Trails often contribute to erosion. At most batteries, soil migration and washing have affected surface 
drainage by obstructing positive drainage away from structures and filling surface and subsurface drainage
systems.

Vegetation

Fortification sites were greatly disturbed during initial construction. Natural topographic profiles were altered 
and vegetation was planted to reduce erosion and provide natural camouflage. Existing vegetation is not fully 
original to the sites. Vegetation has overgrown most of the sites to the extent that it has obscured character-
defining features. And while grasses and low vegetation have had some beneficial effect by holding soil 
materials in place, larger trees have caused structural deterioration. Large tree roots threaten both masonry and 
concrete structures. In addition, surface vegetation provides a host for insects and the accumulation of moisture.

Brick Masonry

Original brick masonry, typically found in the post-Civil War period, remains in generally sound condition 
with isolated brick surface deterioration and mortar joint deterioration. Bricks at Cavallo Battery and Ridge 
Battery show signs of surface spalling in areas of exposure and stress. Mortar joint deterioration of the Portland
cement mortar materials is localized to areas that have been exposed to wet-dry cycles. Some mechanical 
actions such as expansion and contraction have caused loss of mortar in the joints. Vandalism and graffiti have 
had the most damaging effect on extensive amounts of historic brickwork at Cavallo Battery. Spray paint, 
applied in multiple layers, will require drastic intervention to remove or mitigate. 

Concrete

Plain and reinforced concrete at the fortifications has experienced moderate deterioration due to moisture 
infiltration, intrusion of vegetation, inherent concrete defects, soil movement, and corrosion. Concrete 
deterioration, while isolated, requires complex and expensive measures to arrest active deterioration and to 
preserve and restore surfaces and configurations to original lines. Many concrete problems may be hidden 
within masses of concrete and may be detectable only through testing. Concrete deterioration is visible in the 
forms of cracks, spalls, separations, material loss, rusting reinforcing steel, the presence of moisture, and stains 
related to moisture. 

Metals

Metals, in the form of inset reinforcing steel, metal hardware, window bars, handrails, fittings, ladders, doors, 
gun mounts, and anchor bolts are in fair condition due to corrosion caused by moisture, the salt-rich 
environment, and galvanic action caused by contact between dissimilar metals. Many metal elements, including
handrails, have been removed.

Wood

Wooden elements in the coastal fortifications are limited to wood doors, windows, frames, and isolated 
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superstructures. Superstructures include framing, roof decking, and trim. Wooden doors, of slab and beaded 
board construction with metal straps and hardware, are typical through the Endicott and Taft periods Wood
superstructures can be seen at Battery Spencer (latrine), the meteorological station at Fort Baker, and at the 
observation post below Point Bonita Lighthouse. The wood is in generally poor condition from the effects of 
vandalism, moisture, and rot.

Waterproofing

Asphalt waterproofing, originally applied to concrete surfaces in contact with earth and protected by hollow 
clay tile, is in unknown condition. Although waterproofing conditions are hidden by earthworks, it would be 
reasonable to expect degradation of the asphalt materials due to age. In some cases erosion has exposed edges
of waterproofing coatings and tile. The superior slope at Battery Godfrey is an example of this type of erosion. 

Roofing

Roofing is limited to isolated, small buildings (such as those at Battery Spencer and some observation posts) 
and is usually either a built-up "tar and gravel" roof or organic, granular surfaced roll roofing. Roofing 
materials are in poor condition. A number of unsealed bare concrete roofs are in fair condition. 

Doors and Windows

All wood doors and windows, and wood door and window frames, were found to be in poor condition from 
moisture and vandalism. Metal doors were found to be in fair condition with active deterioration in progress 
from the effects of moisture and corrosion. In some cases metal doors have been welded shut and in other 
cases metal plates have been installed for security. 

Coatings

Camouflage Coatings: Few examples of camouflage coatings remain. Those that do remain are in very poor 
condition. Remnants of an early (1890s) camouflage treatment can be seen at Battery Duncan, Battery 
Dynamite, and Antiaircraft Battery No. 1. Other remnants of camouflage coatings remain in varying states of 
deterioration.

Other Coatings: Other coatings used on the fortifications include standard military paint coatings, primers, and 
finish coats, for concrete, wood, and metal. 

Ventilation

Ventilation of interior spaces at batteries and associated buildings has been limited due to the closure of doors 
and windows for reasons of security and the incapacity of original mechanical and gravity ventilation systems. 
The lack of ventilation has resulted in the accumulation of moisture within interior spaces. The failure to
dissipate accumulated moisture has led to increased corrosion of reinforcing steel, imbedded metal items, and 
fixed and mounted metal equipment. Closure of openings for security reasons has contributed to moisture 
problems related to lack of vent. 

Trails

Existing hiking trails associated with the fortifications are in fair to poor condition. Trails are often not clearly 
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defined or marked, are overgrown with vegetation, and often have steep slopes. Some batteries and associated 
structures are enclosed by fences for security reasons and lack access. Trails have also contributed to erosion 
problems. 

Maintenance

No active cyclical maintenance program appears to be directed at the fortifications. The fortifications are 
subject to infrequent condition inspections and irregular maintenance and repair. 

Interiors

Interior spaces at Battery Chamberlain and Battery Wallace have been the subject of preservation and 
interpretive activities. But most spaces have been sealed or are not otherwise accessible. Drawings and limited 
inspection reveal that interior spaces are generally utilitarian spaces with simple wall coatings of whitewash,
unfinished, or painted concrete. In some cases floors are finished in vinyl composition tile. The interiors have 
suffered primarily from moisture infiltration and lack of ventilation. Interior surface coatings have been 
damaged by moisture penetration through exterior walls and roof structures.

 

 

Levels of Treatment

Architectural treatment is governed by provisions of 

(1995). These standards set forth appropriate treatment for historic buildings and structures. 
As a general guideline for treatment, the standards limit treatment in order to retain original historic fabric, 
character-defining features, and integrity. Architectural treatment, whether interim stabilization, preservation, 
or full repair and restoration, is dependent on what treatment is appropriate for a particular period in order to 
express original construction and use. Other factors affecting treatment include funding and interpretation. Each 
period, post-Civil War, Endicott and Taft, World Wars I and II, and Cold War, has distinct character-defining 
features. And although each period may have distinct characteristics, many fortifications saw use in more than 
one period. 

The Secretary of the Interior’s Standards for the 
Treatment of Historic Properties with Guidelines for Preserving, Rehabilitating, Restoring & Reconstructing 
Historic Buildings 

Three general treatment levels are available and allow flexibility in planning, funding, and interpretation. 

Stabilization

Control deterioration in order to retain historic configurations and materials. Stabilization may involve using 
temporary, intrusive, non-historic means that are reversible.

Preservation

Control and arrest deterioration in order to retain historic configurations and materials using appropriate means. 
Preservation seeks to maintain existing historic materials with only limited replacement of missing or 
deteriorated materials.
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Repair and Restoration

Control and arrest deterioration while replacing missing or deteriorated materials using historically appropriate 
materials and means. Although restoration can be specific to a period, it may also include modifications that 
occurred in later historical periods. Restoration seeks to replace missing elements and to renew or replace 
severely deteriorated elements. Some modern materials and methods may be required due to the severity of the 
conditions encountered.

Common Treatment

Certain treatments are common to stabilization, preservation, and restoration. These treatments, however, may 
vary in scope according to intentions:

1. Site Cleaning: Remove trash and debris from the site.

2. Vegetation Removal: Trim back vegetation from contact with concrete and masonry materials and remove 
from the site. Remove dead wood and trees with harmful root growth.

3. Limited Earthwork: Remove soil wash from surface drainage paths. Establish adequate surface drainage 
away from structures.

4. Drains: Clean out cast concrete gutters and downspouts and coordinate with surface drainage.

5. Ventilation: Establish a ventilation program that regularly vents interior spaces by use of mechanical fans 
and/or natural convection.

6. Security: Increase site monitoring by appropriate means. 
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Chapter 8: Safety and Security Issues

The coast defense fortifications within the boundaries of the Golden Gate National Recreation Area present 
challenges for the safety of park users and maintenance staff, while simultaneously suggesting the kinds of 
associated issues that necessarily arise from the needs of securing isolated government property. Maintained by
the National Park Service, the sites of these fortifications primarily pose safety and security situations inherent 
in their existence as former military installations built to blend into coastal land forms at the entrance to a large 
and prominent bay. As such, their role as effective, but historically camouflaged, guardians is no different 
along the Pacific shore at San Francisco than along coastal terrain anywhere. Site peculiarities may vary from 
battery to battery, and states of sustained physical fabric may pose differing problems due to microclimatic 
conditions and the intrinsic ability of a structure to weather well or poorly over time. Ready access to a 
location today, or lack thereof, may also either alleviate or aggravate safety and security concerns, as may 
general cultural trends in urban and suburban San Francisco. The public may choose to participate in keeping 
its park attractive and viable, just as it may select locations to conduct activities ranging from picnicking and 
hiking, to garbage dumping and serious crime. National Park Service staff must balance perceived issues, 
staying alert to changes, and actively involving park constituents in the care, concern, and appreciation of the
batteries—and their host sites—as irreplaceable windows into history.

Current park users seek a rural recreational experience effectively set within, and immediately near, a densely 
populated city. Visitors typically want to relax, to find respite from the regimen and stress of work schedules, 
long and sustained commutes, and just being inside too many hours at a time. More often than not, urban
visitors are somewhat inattentive to the physical hazards posed by the batteries. They easily can be surprised 
while exploring a location, can wander away from prescribed trails and fencing, and can leave common sense 
at home. While accidents at unpopulated sites might be worsened by the lack of interpretive park staff at 
individual batteries, it is also reasonable to assume that a key need of the late twentieth century park visitor is
focused on rural discovery unaccompanied by too many constraints. Again, park staff must balance user needs 
with staying alert to site conditions, and must themselves be aware of locational hazards while maintaining, 
preserving, and restoring the batteries.

 

 

At the Batteries

Safety

Batteries themselves are oversized and imposing structures. By virtue of what they are, they offer visitors and 
staff alike a heads up experience with an eye toward safety concerns. One is not likely to wander across a 
hillside or along a cliff and stumble into a submerged or completely overgrown battery—although precarious
footholds and unseen structural features hidden by vegetation can be present at all sites and all trails should be 
clearly marked, on ground allowing firm footings. Once at a battery, safety issues focus on paying attention to 
smaller details. Types of safety concerns include deteriorated and missing segments of handrails; protruding 
metalwork; crumbled concrete; precarious drop-offs; steep and narrow stairs; puddled and slippery surfaces; 
uneven, sometimes separated, floorings and gun mount areas; sloped battery blast aprons unintended for 
climbing; splintering doors; peeling paint accumulated to toxicity with standing moisture; obscuring, 
entangling, or poisonous vegetation; and, general debris (Plate 48).
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Plate 48. Battery Mendell, Fort Barry, constructed 1900-1902. View of 1973. Courtesy of the Park Archives of the Golden 
Gate National Recreation Area.

For example, at Battery Crosby, a large fragment of stairway has spalled away, leaving a far more narrow 
passage than a visitor might be assumed to expect. Midway up the stair to the crows nest on the right flank of 
Battery Marcus Miller, emplacement three, a riser has dropped dramatically, and would not be easily noticed 
by someone descending the stairs. Plant growth substantially hides the stairs at the Stotsenburg-McKinnon site. 
Tripping hazards due to uneven settlement are exemplified in the subsidence of the blast apron from the main 
concrete mass at Battery Mendell (Plate 49). And almost every structure contains an unprotected drop, 
sometimes of great height as at Batteries Dynamite and Duncan. While high parapet walls exist at most gun 
batteries of the Endicott and Taft periods, these walls and their definitive heights are fundamental to historic 
structural character, and are an inseparable aspect of the batteries’ nature in the same way that precipitous 
rocky outcroppings are what we expect to see in the mountains. The pervasive concern over handrails 
effectively weights safety against the compromise of essential resource character, and must be most judiciously 
reviewed before taking action.

Plate 49. Battery Mendell. Looking North to BC station from front of emplacement 
two, showing separation and subsidence of blast apron from concrete mass.

 

 

 

Security

Security issues at the batteries, on the other hand, demand an opposite, more encompassing perspective than 
one honed pre-emptively to detail. Fencing for sites with major (or multiple) safety concerns; for fragile 
earthworks locations in an unrestored condition; and, for batteries that have become the focus of undesirable
activities (such as gang exchanges, drug sales and use, and competitive graffiti murals), might be warranted, 
but necessitates maintenance and vigilant site review. Fences at most battery locations, such as at Cavallo 
Battery, can be penetrated with little effort—due to the isolation of the sites, to the desire to keep the location
relatively open for viewing, and to attempts at lessening impacts on the general viewshed. Fencing itself can 
create secondary safety and liability issues once cut into or pushed over, or if mangled or rusted.

Within a fenced battery site, or at an open-access location, security frequently is often further achieved through 
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temporary (or non-permanent) closure of the structure from the outside in. Closures at the batteries of the 
Golden Gate National Recreation Area were observed as most effective where they were recent, such as the 
steel plates welded over the opening at Batteries Spencer and Godfrey, or, where staff has maintained historical 
closures, such as at Battery Wallace. Welding the hasp bar found on the typical wooden single- and double-
leaf doors most often has brought about an ineffective closure that has additionally damaged the fabric of the 
resource itself. Similarly, welding the unique door and window covers at Battery Dynamite in a partially open 
position has prevented the use or rehabilitation of the mechanical closures built into those features. Sealing of 
original openings for security purposes should also always be coordinated with ventilation of interior spaces. 
Although overall ventilation should be considered, each closure panel should have integral top and bottom 
vents, screened for security. Both site-enclosing fencing and immediate closure for battery apertures are
sometimes demanded to achieve security, but both ask for future creative thought to remain as sensitive as is 
reasonable and to allow an accurate historic site interpretation.

 

Awareness of Ancillary Structures

Safety

Original design engineering and placement on site, aggravated by ground settlement and growth of vegetation 
over time, create special safety issues for the myriad of ancillary structures built to accompany coastal defense 
fortifications. Beginning in the 1890s, the Army constructed both mine casemates and fire command stations to 
improve the technologies of defense and its controlled accuracy. Men stationed in the bombproof rooms of the 
casemates operated the switchboards that sent electric signals to explode underwater mines in the bay. 
Concrete mine casemates were engineered into, and under, ground areas, with steep passageways, poorly lit 
descending stairs, inclined cable galleries, and thick, pipe-ventilated, earthen overcover. Siting included steep 
and rocky bluffs, as well as locations re-engineered through excavation and fill. Today mine casemates are 
among the most dangerous of all coast defense structures due to their obscured locations and remnants of 
unprotected original construction features, such as deep cableways remaining in flooring. MC-1 at Fort Barry 
contains two large and uncovered openings at the end of the entry gallery: it is dark at the end of the passage, 
and an unwary visitor or staff member without a flashlight could easily fall into the openings. The switchboard 
room immediately adjacent now has no floor at all, posing a definite hazard to those who try to enter the 
building (Plate 50).
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Plate 50. Absence of flooring, at the entrance to the 
switchboard room, mine casemate, Fort Barry.

 

 

 

 

 

Systems of fire command and control stations pose similar problems to those of mine casemates through their 
buried design and engineering, often with only roofs and observation slits protruding above the soil line. Their 
multiplicity, coupled with their abandonment, long periods of disuse, and their more-active deterioration as a
byproduct of their direct exposure to ground water retention, add to the challenges the structures will continue 
to present. Fire control stations, including those for battery commanders (BC stations) as well as observation 
stations, offer relative unpredictability for visitors who are not knowledgeable about the history of how 
systems for controlling the fire of modern weapons evolved. Those from the 1930s and 1940s were often 
elaborately camouflaged to blend into the land forms that hosted them. Steep sites, typically with the
surrounding ground uneven or abruptly dropping away, contribute to these features, but sometimes have fared 
badly through land mass subsidence—quite literally in the case of B S  for Battery Construction #129 on 
Wolf Ridge within Fort Cronkhite, a structure beginning to slide into the Pacific Ocean below (Plate 51). A
detailed inventory of coast defense ancillary structures is warranted, with maintenance concerns called out as a 
first step toward a safety plan.

1 1

Security

Security issues for ancillary structures are perhaps less problematic than those found at the main batteries. Most 
of these structures are too small to become major gathering places. They offer little shelter for unwanted 
activities, although they could become attractive for graffiti artists. For maintaining park resource security, a
comprehensive inventory with mapping should allow staff to highlight any structures warranting careful and 
repeated observation.
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Plate 51. B S  for Battery Construction #129, Fort 
Cronkhite. Detail of roof camouflage and observation slit 
shutters. Subsidence at site.

1 1

 

 

 

 

 

 

 

 

Standard Operating Procedures for Law Enforcement Actions

Abandoned fortification structures are sometimes the sites of full-fledged law enforcement incidents. These 
illegal activities may include vandalism, graffiti, destruction or theft of government property, breaking and 
entering, unauthorized camping by vagrants, and rowdy behavior such as drinking, drug use or gang-related
activities. In some locations, fortifications structures have been the scenes of satanic rituals, assaults, suicides, 
and even murders.

Whenever park staff encounter any type of illegal activity they should immediately notify law enforcement 
personnel. In the Golden Gate National Recreation Area, the United States Park Police carry out this 
responsibility. Untrained staff should never enter any building that is discovered unsecured until the area is 
thoroughly searched by peace officers. Personal safety of the park staff and visitors should always be of 
primary concern.

Once an area is secure, law enforcement staff should file the appropriate incident reports describing the nature 
of the event and any resulting damages or costs. These reports and any subsequent criminal investigations 
should describe the affected fortifications by name and building number, clearly noting that these resources
are . Special mention should be made of any impacted resources over 100 years of age since 
these structures may be covered by the Archeological Resource Resource Protection Act (ARPA). ARPA 
violations may be prosecuted as felony offenses instead of as misdemeanors.

historic structures

Concurrent with law enforcement reports, work orders should be submitted to repair or clean up the 
fortifications. Preparation of these work orders, or the delegation of their preparation, should be the 
responsibility of the reporting party. Critical elements to include in these work orders are (a) securing any 
doors or windows that have been forced open; (b) removal of debris such as beverage containers, litter or (in 
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some cases) drug paraphernalia; (c) appropriate treatments for any site hazards known—or assumed—to be 
toxic or poisonous; and, (d) removal or painting out of graffiti.

Re-securing of the fortifications and graffiti treatment should follow established procedures detailed in chapter 
10. The reasons for taking these immediate actions are

to prevent further damage to the resource that might result from leaving it 
unsecured;

to remove safety hazards;

to deny access to parts of the structures where illegal activities might 
occur;

to remove visible signs of criminal activity that, if allowed to remain, 
might encourage similar behavior; and

to maintain a cared-for appearance around the fortifications.

All staff actions should strive to achieve safe and secure locations within the boundaries of a large, public park, 
understanding its immediate access to individuals living in, or visiting, the urban setting of San Francisco.
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Doors and Windows: General

Doors and windows at the fortifications include slab wood doors with metal bracing, solid plate metal doors with metal bracing, 
standard wood panel doors in wood frames, wood sash double-hung windows in wood frames, and fabricated metal combination 
awning, hopper, and casement windows. Wood and metal slab doors are the most common exterior door types. Wood panel doors 
are limited to interiors and to support structures. Wood windows are very limited. Metal windows, although also limited in 
number, range from factory manufactured industrial metal units to shop fabricated metal frames and stops used with protective
metal shutters. Most doors and windows are in poor condition. Some metal doors have been welded shut for security reasons and 
some masonry openings have been closed with plywood or metal sheeting.

Hardware includes hinges, strap braces, hasps, eyes, and other shop-built devices. Interior wood doors are fitted with standard butt 
hinges, mortise locks, and knobs.

Causes of Deterioration:

1. Exposure to moisture.
2. Loose hardware.
3. Lack of interior ventilation.
4. Vandalism.
5. Loss of protective coatings.

Identification:

1. Corrosion, rusting, and staining.
2. Rot.
3. Deterioration of coatings.
4. Loss of materials.
5. Loose hardware.
6. Missing parts.
7. Separation of panels, stiles, rails, and frames.

Detail. Exterior wood slab door on metal angle frame. Wood boards are bolted to steel angles and flat bars. Metal strap hinges are attached to bronze pivot 
hinges.

Inspection and Testing:

Inspection should begin with a survey to document all doors and windows in the fortifications. Each door and window should be 
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measured, photographed, and assessed. From the field data, develop a door schedule, window schedule, and a hardware schedule. 
Group doors, windows, and hardware by type. From the schedules, develop a work plan that maximizes shop repair procedures, 
material purchases, and setup time. A systematic approach can save time, money, and can yield valuable information about a 
significant and highly visible historic building component.

No laboratory testing or analysis required.

 

 

Doors and Windows: Treatment for Doors

Slab Wood Doors:

1. Remove door from opening and provide a temporary and secure closure.
2. Remove deteriorated wood elements and replace with matching materials such as ship lap and beaded board. Use redwood 

or treated pine. Wood joints should be coated before joining. Repair existing salvageable wood elements. Prime wood 
surfaces.

3. Shield wood surfaces and gritblast metal surfaces to bare metal. Wipe metal with solvent and prime.
4. Repair bolts and rivets and tighten all connections. Spot prime all bare spots.
5. Repair and rework hardware.
6. Apply finish paint coats in shop.
7. Repair opening to receive repaired door. Patch deteriorated concrete edges; remove debris, vegetation, and accumulated 

fill around door; and insure proper drainage.
8. Repair inset brass pivot hinge section by cleaning, removal of efflorescence, and installation of neoprene washer. Sheathe 

to pintle to isolate dissimilar metals.
9. Reinstall door, secure, and monitor condition.

Solid Plate Metal Doors:

1. Remove doors to shop.
2. Gritblast to bare metal and wipe with solvent.
3. Repair surface deterioration and prime entire unit.
4. Repair and rework hardware.
5. Apply finish coats in shop.
6. Repair opening to receive reworked door. Remove debris, vegetation, and fill. Insure proper drainage around door.
7. Repair inset brass pivot hinge section and clean free of corrosion and efflorescence. Install neoprene isolation washer and 

sheath.
8. Reinstall door, secure, and monitor.
9. Where metal elements are deteriorated beyond repair, complete or partial replacement may be required. Replacement 

materials, techniques, and configuration should match original construction. 
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Battery Mendell, emplacement one. Steel doors for truck access. Note deterioration at base of door. Also spalling at drip mold and splinterproof columns. 

Wood Panel Doors:

1. Remove wood panel door to shop.
2. Repair door by replacing deteriorated stiles, rails, or panels.
3. Remove deteriorated paint to bare wood or stable paint layer.
4. If severely deteriorated, fabricate new matching door unit.
5. Prime door and coordinate placement of hardware. (Reuse existing hardware or match with replica hardware.)
6. Apply finish paint coats.
7. Reinstall door in repaired opening and frame, secure, and monitor.

 

 

Doors and Windows: Treatment for Wood Windows

1. Remove window sash to shop.
2. Repair by replacing deteriorated stiles, rails, and muntins, or replace with a replicated shop-fabricated sash to match. 

Reglaze windows with new glazing, glazing points, and compound. Shop prime.
3. Apply finish coats in shop.
4. Rework window frames replacing deteriorated materials or missing parts and paint.
5. Reinstall window. (Window repair should be accomplished in association with a secure building that is weather tight. 

Interim protection requires the installation of a painted plywood covering.

 

Detail. Typical head and sill section                                Detail. Typical louvered wood window in concrete opening.
of double-hung wood window.

1/22/03 2:51 PMDoors and Windows

Page 3 of 6http://www.nps.gov/goga/history/seaforts/chap9&10/doorwind.htm



 

 

Doors and Windows: Treatment for Metal Windows

Treatment:

1. Determine the condition of the metal window and determine the level of repair required. If rust is found to be only surface 
corrosion the normal maintenance procedures may be sufficient. If rust is found to be moderate and only penetrates into 
the metal enough to distort the metal’s surface, then repair in place is called for. If rust permeates the metal and causes 
delamination, extensive repairs in place and/or removal to a shop may be required. Other conditions, including the 
method of attachment, may determine the extent to which steel windows may be repaired in place.

2. Clean window sash and metal frames. Remove dirt, loose paint, and surface rust.
3. Determine level of repair or if complete replacement is required.
4. After surface rust has been removed by use of sandpaper, wire brush, or gritblasting wipe bare metal with solvent and spot 

prime with a zinc-rich, rust-inhibitive primer. Coordinate spot priming with overall surface preparation. Metal elements 
that have lost at least fifty percent of their thickness due to rust will require replacement.

5. If reglazing is required, remove glass and glazing compound. Scrape metal to bare metal. Metal should have one primer 
coat and one finish coat of paint before reglazing.

6. If metal is bent, bowed, or misaligned reform or realign the metal. Pressure, or heat and pressure, may be required to 
straighten deformed metal. Severely deteriorated sections of the sash may be removed and newly fabricated elements 
welded in place. Steel window frames are usually set into adjacent masonry or concrete and are difficult to remove.

7. Replace any missing hardware, screws, bolts, operators, or other fittings.
8. Make window operational so that it opens, closes, and swings freely.
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9. Coordinate window repairs with appropriate weather protection materials.
10. Provide temporary security with painted plywood panels.
11. Seal joints between metal frame and adjacent masonry or concrete with an elastomeric sealant.
12. Repair and paint metal shutters and associated fittings.

 

Detail. Metal window shutter showing head and sill condition.

Materials:

Steel: Cold rolled mild steel one-eighth inch thick.

Gritblasting: Small grit (#10-#45) at eighty to 100 psi pressure.

Fillers: Epoxy fillers with high fiber content and auto body patching compound.

Primer: Zinc-rich, rust-inhibiting primer compatible with finish paints.

Paint: High gloss alkyd exterior enamel formulated for metal.

 

 

Doors and Windows: Hardware

Hardware includes hinges, hasps, eyes, mortise locks, knob sets, and associated fittings. The utilitarian nature of most hardware at 
the fortifications is typical for military architecture. Much of the hardware items for exterior slab and metal plate doors at the 
fortifications is shop fabricated for use with pad locks. More formal hardware is seen on wood panel doors. 
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Detail. Typical exterior door hinge. Iron strap attached to brass pivot hinge base set in concrete. Beaded boards are riveted to the strap. Contact between the iron 
and brass is creating electrochemical corrosion.

Treatment:

1. Tighten hinges and all fasteners attaching hardware to doors. Make sure that all hinge-pins are in place.
2. Clean, prime, and apply rust-conversion coating. 
3. Clean and lubricate all locking devices.
4. Fabricate new hardware to match original. Shop fabricate items where original hardware is missing.
5. Install isolation gaskets at hinges. 

 

Typical metal exterior door. Sheet iron riveted to angle frame. Note that strap hinges are set on bronze pivots set in concrete. Custom-made slide latch.
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Finishes: General

Finishes include both interior and exterior coatings. Interior finishes include paint and whitewash on concrete, masonry, metal, 
and wood. Exterior finishes include camouflage coatings for concrete; and, paints for concrete, metal, and wood. Also included in 
this section are graffiti removal, and signs and stenciling. Finish coatings at the fortifications are utilitarian and follow typical 
military painting patterns. Of special note are the concrete coatings developed for camouflage. These coatings were prototypical
and represent early experiments in camouflage techniques. Although in poor condition, many examples of camouflage coatings 
remain. Some recent attempts to paint out graffiti have altered the appearance of some fortification structures.

Causes of Deterioration:

1. Improper or inadequate surface preparation.
2. Moisture infiltration behind paint layers.
3. Weathering and the hostile marine environment.
4. Incompatibility between primer and finish coats.
5. Improper paint application.
6. Improper paint selection.
7. Use of poor quality paint materials.
8. Uneven paint coverage.
9. Paint application during adverse weather conditions.

10. Overpainting.

Identification:

1. Presence of mildew.
2. Chalking.
3. Crazing.
4. Cracking.
5. Intercoat peeling.
6. Solvent blistering.
7. Wrinkling.
8. Peeling.
9. Alligatoring.

10. Fading.
11. Suction spotting.
12. Flaking.

Inspection and Testing:

Inspection and testing are critical to identify historical paint coatings and colors. Historical mix design is documented in 
engineering reports and coordination between historical descriptions and formulae with extant finishes is essential to preserve
original coating materials. To accomplish the preservation of existing historical coatings and to restore fortifications to their 
appropriate appearances, it is recommended that a master paint schedule be developed. The extent of the paint work at each 
fortification should be documented. Samples should be taken and matched to standardized paint chips. Coordinate all paint 
investigation and removal with applicable regulations concerning hazardous materials, especially lead-containing paints.
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Finishes: Exterior Concrete Coatings

The determination of conditions and corrective procedures is complicated by the need to match historic paint colors, the need to 
preserve historic painted surfaces, and the requirement to do no harm to the substrate. The development of a comprehensive 
approach to the preservation of historic surface coatings and the installation of new painting is advisable. 

Identifying Historic Concrete Coatings:

Historic concrete coatings were designed to camouflage exposed concrete so that it would blend with surrounding terrain. During 
the Endicott and Taft periods, 1885-1916, camouflage was experimental as both a military concept and as a coating for concrete, 
an emerging building material. Camouflage was designed to work when viewed from the sea. With the advent of military aviation, 
camouflage was required to work when viewed from the air. Camouflage coatings for concrete were developed in the late 
nineteenth century and remnants remain on the concrete at a number of fortifications. Historical concrete camouflage coatings 
were required to hide the stark new concrete work. Some coatings described in the 

 from the period, include:
Annual Reports of the Chief of Engineers, U.S. 

Army,

1896: Lampblack/cement wash applied with a whitewash brush.

1898: One coat of boiled linseed oil; one coat mineral brown in oil.

1899: Cement and water mixed to the consistency of whitewash, with Pecora stain, yellow ochre, and 
lampblack mixed in to create a color matching adjacent spoil banks.

1902: Two coats of brown metallic paint.

1903: Two coats of boiled linseed oil was allowed to be absorbed by the concrete; a third coat consisting of 
oil and Prince’s metallic brown was applied and, while still wet, screened, dry sand was swept over the 
surface.

1913-1945: Pigmented cement paints and black asphalt emulsion paints. Colors for World War II 
camouflage include greens, ochre, and brown and can be seen at Batteries Dynamite, Wallace, and 
Townsley, respectively.

Treatment:

It is important to preserve remnants of historic surface coatings, particularly those pigmented coatings that represent early efforts 
at camouflage. It is preferable to retain the historical coatings, even in a deteriorated condition, than to remove historical finishes 
in the interest of applying new replicated finishes. Oil-based coatings proved, shortly after being installed, to be detrimental to 
concrete. If any replicated finishes are to be used, they should be oil-free.

To Preserve Historic Concrete Camouflage Coatings:

1. Remove deleterious conditions that contribute to coating deterioration including: vegetation, sources of moisture, and 
adverse structural conditions.

2. Fully document remaining examples of surface coatings showing location and extent. Review historical photographs. 
Record existing coatings with large format color photography.

3. Take samples for analysis and determine colors.
4. No further action is required for stabilization or preservation. 
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Finishes: Interior

Historic interior finishes for the fortifications included both paint and whitewash. Paints included both oil-based enamels and 
pigmented cement paints. Whitewashed surfaces proved to be very durable in that they allowed for the migration of moisture. 

Battery Mendell. Remnants of wall finish and wooden wiring chase. 

.

Battery Spencer. Finishwork for the fireplace in the commanding officer’s room. Dependent structure. 

Treatment:

1. Remove deleterious conditions that contribute to paint or whitewash deterioration such as vegetation, trapped moisture, 
and defective moisture proofing.

2. Fully document interior painted surfaces showing the location and extent of paint work. Photograph interior painted 
surfaces using large format color photography and take samples for color matching.

3. Remove loose paint carefully with a soft paintbrush after documentation.
4. No further action is required for stabilization or preservation.
5. Whitewash: Remove loose whitewash carefully using a soft paintbrush. The historical mix (1899) for whitewash was:

one barrel lime

one pound bluing
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one pound potash

ten pounds Russian tallow (animal fat or lard) 

Battery Kirby. Interior of plotting room. Remnants of wall and ceiling finishes. Note accumulation of mud on floor. 

 

 

Finishes: Wood and Metal Coatings

Wood

Wood materials include windows, slab doors, interior wood doors, and trim. Wood materials are limited at the fortifications. The 
most common wood elements are the slab wood doors built to metal frames. 

Treatment:

1. Remove all loose paint, mildew, and other foreign materials from wood. Use sanding, scrappers, or other hand-held 
devices to remove paint. Removal to bare wood is preferred. However, removal to a stable paint layer is acceptable.

2. After paint removal, wipe wood down with solvent to remove dust.
3. Paint with an anti-fungal primer.
4. Lightly sand dry primer and wipe down with solvent before applying finish coats.
5. Apply two finish coats of approved anti-fungal paint. 

Metals

Metals requiring painting include handrails; ladders; inset metal items; structural steel; metal doors; iron strap hinges and door 
bracing; metal windows, grilles, vents and gun mountings. Historical metal coatings changed little from 1900 to 1945. Red lead 
was the preferred primer. Linseed oil-based enamel was the typical top coat. While paint technology has improved greatly since 
World War II, technological improvements have barely compensated for the removal of lead from paints for environmental 
reasons. Red lead paint was universally accepted as the standard primer of choice for metals. New, environmentally neutral, paint 
systems are available and offer satisfactory results when combined with thorough surface preparation.
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Treatment:

1. Remove all deteriorated exterior paint on metal by gritblasting, brushing, or other approved means. Where paint is in 
good condition remove loose paint down to a stable paint layer. When gritblasting, clean down to bare metal surface.

2. After blasting or abrasive cleaning, wipe surfaces down with solvent to remove flash rust and prime immediately.
3. Prime with zinc-rich primer or rust-inhibitive primer according to manufacturer’s written instructions.
4. After the primer is dry apply two coats of exterior enamel finish coats.

Notes:

1. Use a paint system from a single manufacturer.
2. Do not paint brass, bronze, wrought iron, or cast iron. Wrought iron door closures and hinges are best treated by wiping 

with solvent and applying microcrystalline wax. See Doors and Windows: Hardware.
3. Consider the use of high-performance coatings such as urethane or epoxy.

 

 

Finishes: Graffiti Removal

Graffiti removal methods should be evaluated according to a thorough investigation of the condition of the substrate, the type of 
media used in the graffiti, and the requirements of the interpretive program. Graffiti removal should be accomplished by the
method least destructive to the substrate. Where graffiti ranges from large areas of multiple layers of painting to small areas with a 
single coating, removal methods should be tailored to suit the situation. Develop a comprehensive graffiti removal program and
utilize technical representatives from product manufacturers. 

Battery Dynamite, emplacement three. Graffiti at rear corner, showing entry to cross-gallery. Also note debris accumulation and unique profile of sidewall. 
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Battery Dynamite. Graffiti in cross-gallery, looking toward entry doors for emplacement one. Also showing significant floor deflection as a result of seismic action. 

Methods:

1. Abrasive measures include hand and mechanical sanding, scraping, low pressure waterblasting, and gritblasting. 
Gritblasting should only be used for metals. 

2. Thermal methods include the use of heat guns or irons to soften paint for removal by hand scraping. Thermal methods 
should be used with care due to the potential for fire.

3. Chemical methods include surface-applied chemical compounds, spray-applied chemicals, poultices, and neutralizing 
rinses. Chemical methods should only be used by skilled technicians after testing and subsequent to the approval of a 
sample panel.

4. Low pressure steam cleaning methods may be appropriate in certain cases after testing and sample approval. 

Note: 

Some graffiti, such as names and dates scratched or written on historic materials, may be historical and worthy of preservation.

 

 

Finishes: Signs and Stenciling

The fortifications and associated structures retain the military markings of their periods of use in the form of painted signs and 
stencils. These markings are important records of how the facilities were used and are character-defining features. 

Documentation: 

Each stenciled or lettered sign painted on concrete, metal, wood, or masonry should be identified, photographed, and recorded. 
This work can be accomplished by trained volunteers under proper supervision. Records of signage should be placed in site files 
and coordinated with periods of military use.
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Typical military identification stenciling on concrete wall. 

Treatment:

1. Do not attempt paint removal near historic signage.
2. Do not paint over existing historic signage.
3. Develop a comprehensive approach to stabilize, preserve, repair, or restore signage.
4. The best approach to treatment for signage is to reduce the effects of deterioration caused by moisture and vandalism.

Battery Townsley. Identification signage. 
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Special Items: General

The following listing of special items associated with the fortifications includes equipment, fitting, fixtures, and mountings that either 
remain intact, partly intact, or are missing from the fortifications due to salvage or vandalism.  

Mounted Equipment:

Generators

Pumps

Compressors

Engines

Military Hardware and Fittings:

Guns

Gun mounts

Anchor bolts

Hoists

Ammunition conveying devices

Sighting devices, instruments, and mounts

Ventilation:

Vents

Grilles

Fans

Ducts

Vent stacks and caps

Mechanical Equipment and Fixtures:

Plumbing piping 

Plumbing fixtures

Plumbing fittings

Electrical/Communications Equipment and Fixtures:

Electrical panels and switches

Electrical conduits, wiring, and boxes
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Electrical fixtures

Communications equipment and panels

Communications conduit and wiring

Speaking tubes

 

Battery Crosby. Speaking tube face with wooden sign plate. 

 

Causes of Deterioration:

Causes of deterioration are predominantly related to salvage, moisture, and vandalism. See other sections for treatment of specific 
materials.

 

Identification:

The presence of special items should be documented for each site and an inventory included in each site folder. The items should be 
photographed and manufacturer’s identification plates and markings recorded.

 

Inspection and Testing:

Testing is limited to measurement of air flow for interior spaces for ventilation design and implementation.
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Special Items: Treatment

All special items require appropriate treatment based on their material. Where historic systems such as electrical lighting or ventilation 
are to be made operable, it will be necessary to repair existing equipment and install replicated or similar fixtures or fittings.

Ventilation: 

A primary cause of deterioration at the fortifications is a lack of adequate ventilation of interior spaces. The accumulation of moisture 
above the ambient humidity of the marine environment can only be dispersed by cycling moving air through the spaces. Some 
fortifications had provisions for ventilation, either by gravity/convection or mechanical means. When the fortifications were in use, 
activity which opened doors helped to vent the spaces. However, closure of interior spaces for security reasons has caused moisture to 
be trapped inside the spaces. Recognizing the need for interior spaces to be closed for security reasons, it will be necessary to provide 
alternate means of ventilation.  

1. Where existing air intakes and outflow grilles or vents exist at fortifications, they should be cleaned and made operable. Where 
the ventilation system was based on gravity and convection, make sure air circulation paths are clear. Where mechanical 
systems were used and grilles for intake and outflow remain (and power is available), install exhaust fans on timers or 
instruments designed to measure relative humidity to provide regular ventilation. Place fans inconspicuously.

2. Where no provisions for ventilation were a part of original construction, either install inconspicuous gravity vents and/or 
institute a regular ventilation schedule as part of maintenance operations where doors are opened and portable fans powered by 
portable generators are placed to provide ventilation.

Battery Stotsenburg-McKinnon. Pit A interior, electrical panel. 

Electrical Systems:

Where electrical power is required, bring electrical lines to the site underground. Place meters, disconnects, panels, and switches 
inconspicuously. Where historic lighting is to be reactivated, use existing conduit where possible. Where armored conduit and
explosion-proof fixtures were used, provide either matching materials or restored original fixtures. 
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Annotated Bibliography

The annotated bibliography provided below is not intended to offer a comprehensive list of 
references used in compiling the . While the materials 
do include some references used in the preparation of the text, the fullest citations for these 
documents is in the endnotes following each chapter. Also not included here are the National Park 
Service sources and general advised archives mentioned in Chapter 4, "Standards and Guidelines 
for the Preservation Process." The materials discussed herein are intended to guide future 
researchers and preservationists of coast defense fortifications, both in San Francisco and 
generally. Each of the KEA authors contributed to the annotated bibliography, with an emphasis on 
professional specialty. 

Seacoast Fortifications Preservation Manual

Items bolded within the list are those essential to work on the San 
Francisco coast defenses and their preservation.

Books

Elliott, Cecil D. . Cambridge, Massachusetts: The MIT Press, 1992.Technics and Architecture

A useful reference organized by materials and techniques 
tracing the origins and development of steel, concrete, glass, 
plumbing, and other items.

Floyd, Dale E. Alexandria, 
Virginia: Office of History, U.S. Army Corps of Engineers, 1997.

Defending America’s Coasts, 1775 – 1950: A Bibliography.

A comprehensive and useful aid to any research project 
dealing with coast fortifications. Floyd’s familiarity with the 
subject and thoroughness of approach makes this work a 
standard. The bibliography is oriented toward historical 
sources rather than preservation and maintenance—
however, these subjects may be touched upon in some of 
the references.

Gillmore, Quincy Adams. . Professional Papers, No. 10, U.S. Army Corps of 
Engineers. Washington, D.C.: Government Printing Office, 1871.

Beton Agglomere

An extremely rare analysis of a French construction technique 
that utilized cement reinforced with iron. Includes diagrams and 
illustrations of bridges and aqueducts under construction.

Gillmore, Quincy Adams. . Practical Treatise No. 9. New York: 
D. Van Nostrand, 1863.

Limes, Hydraulic Cements & Mortars

A very rare publication by the U.S. Army’s expert in cement and 
mortars during the last half of the nineteenth century. Includes 
early references to American and European cement manufacture 
and applications to military construction. Includes diagrams of 
early kilns and cement manufacturing equipment.
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Graf, Don. . New York: Van Nostrand 
Reinholt Company, 1949.

Basic Building Data, 10,000 Timeless Construction Facts

A compilation of fundamental building information (materials and 
techniques) current in 1949, with useful illustrations and clear 
text.

Hughes, Quentin.  New York: St. Martin’s Press, 1974.Military Architecture.

An overview of European examples through the nineteenth 
century, and useful as an introduction to fortification forms that 
would have been familiar to the builders of the San Francisco 
defenses.

Mallory, Keith and Arvid Ottar.  New York: Pantheon Books, 1973.The Architecture of War.

This older volume remains useful for the breadth of its inquiry 
into the subject, as well as for its portrayal of the contributions of 
military design to more conventional building types.

Ramsey, Charles George and Harold Reeve Sleeper. . New York: 
John Wiley & Sons, Inc., 1936. Second edition.

Architectural Graphic Standards

A useful desktop reference for the historic architect, with many 
materials and techniques from the period, such as metal pipe 
handrails and clay drainage tile shapes and sizes.

Texas Historical Commission. . Austin: Texas Historical 
Commission, 1984.

Handbook of Maintenance Techniques

A maintenance manual prepared for the historic buildings in 
Galveston, Texas, with excellent references on the causes of 
masonry deterioration and moisture related deterioration.

Turner, C.A.P. . Minneapolis: Farnham Printing & Stationary 
Company, 1909.

Concrete Steel Construction

An early, and rare, technical manual for reinforced concrete 
(called concrete-steel construction at the time). Includes 
structural calculations, design of reinforcing steel and concrete 
mix design. Includes examples from the period.

Winslow, Eben Eveleth. Number 61 in the 
Occasional Papers of the Engineer School. Washington: Government Printing Office, 1920.

Notes on Seacoast Fortification Construction.

The basic treatise on the design and construction of coastal 
fortifications in the United States. Winslow’s contribution, 
aside from his own considerable insights into the subject, 
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was in the organization and interpretation of the engineering 
mimeographs that formed the core of his work. The 
mimeographs are now difficult to locate, and  too was 
considered rare until republished by the Coast Defense 
Study Group. This reproduced reference consists of two 
parts, a hardcover volume of text and a softcover volume 
containing the referenced plates. 

Notes

Government Documents

Brown, Moraig and Paul Pattison. . Cambridge: RCHM England, 1997.Beacon Hill Fort

An example of an attractively produced survey and inventory of a 
coastal fortification with extant features from the 1890s to World 
War II. The emphasis on detailed physical descriptions is not 
always useful, but it is a successful demonstration of how a 
survey may be presented to the public.

National Parks and Wildlife Service, 
Department of Environment and Planning, South Australia, 1988.
Fort Glanville Conservation Park Management Plan. 

A detailed and comprehensive study of Fort Glanville, a small 
coastal fortification in South Australia. The approach is a familiar 
one, beginning with an historical overview, presentation of 
significance, and description of significance; followed by a 
careful description of existing features, and concluding with 
recommendations for treatment and implementation.

Lonnquest, John C. and David F. Winkler. 
, USACERL [U.S. Army Construction and Engineering 

Laboratory] Special Report 97/01. Rock Island, Illinois: Defense Publishing Service, 
November 1996.

To Defend and Deter: The Legacy of the United 
States Cold War Missile Program

Conducted as a research effort under the Department of 
Defense Legacy Resource Management Program, the 600-
page volume addresses the complete American missile 
program of the Cold War years, from 1945 through 1989. The 
Nike program, inclusive of its precursors, is handled in 
several chapters. Part I of the study offers a history of the 
U.S. Cold War missile program; Part II, system profiles for 
the weapons systems; and, Part III, a state-by-state listing of 
deployment sites.

Look, David, AIA, and Dirk H. R. Spennemann, PhD. 
San Francisco and Albury, 

NSW: the National Park Service and Charles Sturt University, 1993.

For Future Use: A Management Conservation 
Plan for the World War II Sites in the Republic of the Marshall Islands. 

Particularly helpful for its coverage of treatment techniques for 
ordnance and other military objects of metal, but may be limited 
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in non-tropical areas.

Martini, John A. and Stephen A. Haller. 
. San Francisco: National 

Park Service, Golden Gate National Recreation Area, 1998.

What We Have We Shall Defend: An Interim History 
and Preservation Plan for Nike Site SF-88L, Fort Barry, California

The Martini and Haller study offers a thorough look at the 
Nike antiaircraft program in the San Francisco Bay Area, 
with a focus on the installation known as Nike Site SF-88L. 
The continuing preservation interpretations efforts 
undertaken at SF-88L offer a model for such Cold War sites, 
nationwide. The Department of Defense Legacy project,

, completed in 1996, offers an excellent 
companion volume to this study.

To 
Defend and Deter

Thompson, Erwin N. 
. Denver: National Park Service, Historic 

Preservation Team, May 1979.

Historic Resource Study Seacoast Fortifications San Francisco Harbor 
Golden Gate National Recreation Area California

Thompson’s 650-page study provides the definitive 
research for the coast defense fortifications of the San 
Francisco Bay to date. Although Thompson does not 
discuss historic materials in his work, the research and 
citations offered here will continue to guide future historians 
of the fortifications—and indeed, will provide signposts to all 
those attempting the preservation of the coast defense sites 
for many years to come. Especially useful are references to 
archival materials held in Washington, D.C.

U.S. Army, Chief of Engineers, 
. Washington, D.C.: 1869-1903.

Annual Report of the Chief of Engineers, U.S. Army, to the 
Secretary of War

Covering a long range of years, the  offers the 
starting point for detailed information on historic materials 
and practices at the San Francisco batteries, as well as at a 
number of the ancillaries. The Army did not name the 
batteries until 1902, and hence a researcher using the 

 must be familiar with the historic 
emplacement numbering and gun sizes for the batteries 
being sought in order to decipher the information. 
The  require close and repeated reading to 
glean facts, often necessitating a back-and-forth approach 
to understanding the work proceeding at single batteries. 
Information is typically not given in a linear or strictly 
chronological way, but is extremely useful.

Annual Report

Annual Reports

Annual Reports

Periodicals: History

Two currently published English-language periodicals concentrate on fortifications. is FORT 
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published annually by the Fortress Study Group of Great Britain, and covers fortifications of 
all types throughout the world. It is a refereed academic journal and the quality of its articles 
is high.

The is published quarterly by the Coast Defense Study 
Group, an organization based in the United States. It has as its focus the defense built by 
the United States; the articles are edited but not refereed, and they tend to concentrate on 
the technology of the defenses.

Coast Defense Study Group Journal 

and the  seldom 
contain articles discussing the maintenance or preservation of 
fortifications--however they are excellent sources of historical 
and interpretive information.

FORT Coast Defense Study Group Journal

A third journal,  is no longer published, although it is still easily available at the time of this 
writing. It presented articles of defensive structure from all periods, prehistoric to modern. The 
emphasis was on historical summary and description of works, and often addressed fortifications 
that were open to the public. Diversity is the message to be gained from , both in the 
geography covered and the fortifications presented.

Fortress,

Fortress

Also of interest are several foreign-language periodicals. They are noted here chiefly as an 
indication of the growing interest in fortifications as a class of historic properties.

( ) – The title 
is a little misleading. While the central theme is often the defense 
of the Atlantic Wall, there are many articles about the defenses of 
other periods and locations. German language articles.

DAWA Deutsches Atlantik Wall Archiv Nachrichten 

(
)  – The coverage is of European 

subjects and emphasizes technical description over matters of 
preservation or interpretation. German language articles.

IBA Interessengemeinschaft für Befestigungsanlagen beider 
Weltkriege Informationen

– A glossy quarterly magazine that includes a great 
many unusual fortifications from eastern Europe, often with 
indications of present use. Of the periodicals mentioned
here, is the only one that devotes regular coverage to 
the designers and builders of fortifications. The Polish language 
articles are accompanied by brief summaries in English.

Forteca 

Forteca 

 – Similar to , but with more 
color and better reproduction. The geographic extent of the 
French-language journal is Europe and Scandinavia, spanning 
the period from the 1870s to post-World War II; there is little 
coverage of preservation-related subjects.

Fortifications & Patrimoine Forteca

Periodicals: Architecture
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The researcher of San Francisco coast defense fortifications is also advised to review the 
historic California architectural journals, most especially 

 for the late nineteenth century, and,  for the 
twentieth century after 1906. In addition, small, limited-run architectural periodicals will yield 
substantial information on historic practices and materials pertinent to the batteries. Such 
journals may be held at the San Francisco Public Library; the Bancroft Library at the 
University of California, Berkeley; the Environmental Design (Architecture) Library at the 
University of California, Berkeley; and, in the California Room of the California State Library, 
Sacramento. Examples include (both of San 
Francisco).

California Architect and Building 
News Architect and Engineer of California

The Architect and Pacific Coast Architect

Those seeking information on historic engineering practices are also recommended to 
review national engineering journals, particularly Engineering News-Record and Civil 
Engineering. 

A final recommendation, not yet reviewed for its usefulness to coast defense fortifications, 
are the journals and publications associated with the American Portland Cement 
Manufacturers Association. This association had a major impact on the concrete industry 
and is historically, and currently, headquartered in Detroit, with a research library. The key 
journal series begins with the title , becoming sequentially 

, , and , over a period spanning from the turn of the 
twentieth century into the 1960s. The journal run, although changing titles over the decades, 
is very well illustrated, with significant discussions of experimentation with reinforced 
concrete and associated cement-based surfacing applications. Complete runs of this 
journal sequence are rare, but partial runs are often found in major university engineering 
libraries and special collections. Also very useful for excellent discussions of advances in 
the design and engineering of reinforced concrete structures from the 1920s forward is 
the . 

Concrete Engineering Cement 
Age Concrete-Cement Age Concrete

Journal of the American Concrete Institute

1/22/03 2:53 PMSeacoast Fortification Manual - Bibliography

Page 6 of 6http://www.nps.gov/goga/history/seaforts/biblio.htm



Fortifications List

Golden Gate National Recreation Area

Project team members David Hansen and Joe Freeman field-reviewed those fortifications marked by an 
asterisk. The remaining fortifications complete the group directly within the ownership and real property 
jurisdiction of the Golden Gate National Recreation Area. The total grouping of fire control stations, gun 
emplacements, searchlight shelters and mine casements is not listed here. Cold War era properties are not 
included below, although they are within project parameters for contextual and maintenance discussions.

Prior to the 1890s those individuals responsible for naming the batteries closely associated an installation with 
its immediate local geography, with the term "battery" following its designation. With the new fortification 
program of the last decade of the nineteenth century, battery naming formally followed Army orders—with 
installations named after individuals rather than geographic locations and with the term "battery" preceding its 
designation. 

Batteries within the Golden Gate National Recreation Area are given below, with those of the first era 
reflecting the historic naming tradition. 

Civil War and Post-Civil War Eras:

 

Point San Jose Battery, Fort Mason: restored to an 1864 appearance during the 
1980s. [Guns emplaced, 1864, with removal, 1898.]

* , Fort Winfield Scott: construction begun, 1870, with completion, 
1873; guns emplaced, 1873, with removal, 1898. Most of this battery was obliterated 
during construction of the Endicott-era batteries during the 1890s. Only a few
traverse magazines remain.

West Battery

Gravelly Battery, Fort Baker: construction begun, 1870, with work suspended, 1876; 
single gun emplaced, 1873, with removal, ca.1898.

Ridge Battery, Fort Baker: construction begun, 1870, with work suspended, 1876; 
guns emplaced, 1893, with removal, 1901.

* , Fort Winfield Scott: construction begun, 1872, with work suspended, 
1876; guns emplaced, 1891, with removal, ca.1914. Approximately half of this 
battery was buried during construction of the Golden Gate Bridge.

East Battery

* , Fort Baker: construction begun, 1872, with work suspended, 
1876; guns emplaced, 1900, with removal, 1905.

Cavallo Battery

Endicott Period (including the Taft Era and World War I):
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* Battery Marcus Miller, Fort Winfield Scott: construction begun, 1891, with 
completion, 1898; guns emplaced, 1899, with removal, 1920.

* , Fort Winfield Scott: construction begun, 1892, with completion, 
1896; guns emplaced, 1896, with removal, 1943.

Battery Godfrey

Battery Howe-Wagner, Fort Winfield Scott: construction begun, 1893, with 
completion, 1895; guns emplaced, 1895, with removal, 1920.

* , Fort Baker: construction begun, 1893, with completion, 1897; 
guns emplaced, 1897, with removal, 1943.

Battery Spencer

* , Fort Winfield Scott: construction begun, 1894, with completion, 
1895; guns emplaced, 1895, with removal, 1904. Extensive additions and 
remodeling, 1898-1900.

Battery Dynamite

Battery Saffold, Fort Winfield Scott: construction begun, 1896, with completion, 
1897; guns emplaced, 1898, with removal, 1943.

Battery Lancaster, Fort Winfield Scott: construction begun, 1896, with completion, 
1899; guns emplaced, 1899 and 1900, with removal, 1918.

Battery Cranston, Fort Winfield Scott: construction begun, 1897, with completion, 
1898; guns emplaced, 1898, with removal, 1943.

* , Fort Winfield Scott: construction begun, 1897, 
with completion, 1898; guns emplaced, 1898, with removal, 1943.

Battery Stotsenburg-McKinnon

* Battery Duncan, Fort Baker: construction begun, 1898, with completion, 1899; 
guns emplaced, 1900, with removal, circa 1917.

Spanish-American War Battery, Fort Mason: construction begun, 1898, with 
completion, 1899; guns emplaced, 1900, with removal, circa 1909.

Battery Boutelle, Fort Winfield Scott: construction begun, 1898, with completion, 
1901; guns emplaced, 1901, with removal, 1919.

Battery Burnham, Fort Mason: construction begun, 1899, with completion, 1900; 
guns emplaced, 1900, with removal, 1909.

Battery Chester, Fort Miley: construction begun, 1899, with completion, 1903; guns 
emplaced, 1902, with removal, 1943.

* , Fort Winfield Scott: construction begun, 1899, with completion, 
1900; guns emplaced, 1900, with removal, 1943.

Battery Crosby

* Battery Kirby, Fort Baker: construction begun, 1899, with completion, 1900; guns 
emplaced, 1900, with removal, 1943.
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Battery Livingston-Springer, Fort Miley: construction begun, 1899, with completion, 
1902; guns emplaced, 1902, with removal, 1943.

Battery Orlando Wagner, Fort Baker: construction begun, 1899, with completion, 
1901; guns emplaced, 1901, with removal, 1917.

* , Fort Winfield Scott: construction begun, 1899, with completion, 
1900; guns emplaced, 1900, with removal, 1917.

Battery Slaughter

* , Fort Barry: construction begun, 1900, with completion, 1902; 
guns emplaced, 1905, with removal, 1943.

Battery Mendell

* , Fort Winfield Scott: construction begun, 1900, with completion, 
1900; guns emplaced, 1900, with removal, 1920.

Battery Sherwood

Battery Alexander, Fort Barry: construction begun, 1901, with completion, 1903; 
guns emplaced, 1905, with removal, 1943.

Battery Baldwin, Fort Winfield Scott: construction begun, 1901, with completion, 
1903; guns emplaced, 1903, with removal, 1920.

* , Fort Winfield Scott: construction begun, 1902, with completion, 
1903; guns emplaced, 1903, with removal, 1920.

Battery Blaney

* , Fort Winfield Scott: construction begun, 1903, with 
completion, 1904; guns emplaced, 1904, with removal, 1948.

Battery Chamberlin

Battery O’Rorke, Fort Barry: construction begun, 1903, with completion, 1904; guns 
emplaced, 1909, with removal, circa 1943.

Battery Smith-Guthrie, Fort Barry: construction begun, 1902, with completion, 1904; 
guns emplaced, 1905, with removal, 1948.

* , Fort Baker: construction begun, 1903, with completion, 1903; guns 
emplaced, 1905, with removal, circa 1942.

Battery Yates

Battery Rathbone-McIndoe, Fort Barry: construction begun, 1904, with completion, 
1905; guns emplaced, 1905, with removal, 1948.

* Battery Wallace, Fort Barry: construction begun, 1917, with completion, 1921; 
guns emplaced, circa 1918, with removal, 1948.

Antiaircraft Battery, Fort Winfield Scott: construction begun, 1920, with completion, 
1920; guns emplaced, 1920, with removal, 1925.

Antiaircraft Battery No.2, Fort Barry: construction begun, 1920, with completion, 
1925; guns emplaced, 1925, with removal, circa 1945. Expanded 1940.
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Antiaircraft Battery No.3, Fort Funston: construction begun, 1920, with completion, 
1925; guns emplaced, 1925, with removal, circa 1945.

World War II:

 

Battery Davis, Fort Funston: construction begun, 1936, with completion, 1940; guns 
emplaced, 1939, with removal, 1948.

* , Fort Cronkhite: construction begun, 1938, with completion, 
1940; guns emplaced, 1939, with removal, circa 1948.

Battery Townsley

Antiaircraft Battery No.1, Fort Cronkhite: construction begun, 1939, with 
completion, 1940; guns emplaced, 1940, with removal, 1945.

* , Fort Barry: construction begun, 1942, with completion, 
1944; never armed.

Battery Construction #129

Battery Point, Fort Point: construction begun, 1942, with completion, 1942; guns 
emplaced, 1944, with removal, 1945.

Battery Gate, Fort Point: construction begun, 1942, with completion, 1942; guns 
emplaced, 1942, with removal, circa 1945.

Battery Lobos, Fort Miley: construction begun, 1942, with completion, 1942; guns 
emplaced, circa 1942, with removal, circa 1945.

Battery Kirby Beach, Fort Baker: construction begun, 1942, with completion, 1942; 
guns emplaced, 1943, with removal, 1944.

Battery Construction #243, Fort Miley: construction begun, 1943, with completion, 
1943; guns emplaced, 1948, with removal, 1949.

Battery Land, Fort Miley: construction begun, 1943, with completion, 1943; guns 
emplaced, 1943, with removal, post-1945.

Battery Construction #244, Milagra Ridge: construction begun, 1943, with 
completion, 1944; guns emplaced, 1948, with removal, 1950.

The following ancillary structures represent only a small sampling of the total numbers within the Golden Gate 
National Recreation Area, selected by the National Park Service to typify maintenance issues across the group. 

Fire control stations, antiaircraft emplacements, searchlight shelters, and mine casemates:

* Searchlight No.14, 1911.

* B  Mendell, 1917.III
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* B  Alexander, 1917. III

(Adjacent to one another, tip of Point Bonita.)

* MC-1, Fort Barry, 1908. Reconstructed, 1920. Concrete and earth added to 
bombproof, 1940.

* BC Station, Battery Construction #129, Wolf Ridge, Fort Cronkhite, 1944.

* Fire Control Station GB-1 [Groupment Barry], circa 1942.

* Fire Control Station B1S1 Townsley, circa 1942.

Fire Control Station BC Townsley, 1940.

(Above three, north of Battery Townsley.)

* 40mm Antiaircraft No.2 Gun Emplacement, circa 1942.

(North of Battery Townsley.)
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Historical Sketch of the U.S. Army, Report of Completed Works, Form 7

The following historical sketch of the U.S. Army Corps of Engineers, Report 
of Completed Work, Form 7, is excerpted from an article written by Matthew 
L. Adams for the Coast Defense Study Group Journal of May 1998. Wording 
and content remain here with minor changes, although tables are deleted 
and the article is condensed. Not included below are selections from Army 
regulations; references to numbered circulars published by the Office of the 
Chief of Engineers; guides to information held in the National Archives; and 
a list of international coastal defense locations.

Reports of completed batteries (hereafter referred to as RCBs) and reports of completed works (hereafter referred to 
as RCWs) were forms used by the Corps of Engineers to document seacoast fortifications and other buildings 
related to coast defense in the United States and its territories. RCBs were in use from 1900 until 1919. RCWs were
in use from 1919 until the Coast Artillery was disbanded in 1950.

The antecedent of the RCB was the armament report and sketches described in sections v and vi, , 
Office of the Chief of Engineers (OCE), 1896. The armament report summarized guns and carriages received at the 
post, and whether the armament was mounted or unmounted. The armament sketches contained a general drawing 
of the work with each emplacement marked and numbered properly. The sketches also indicated the type of 
platform, its construction, whether the platform was serviceable or not, and whether the gun was mounted or not. If 
the gun was mounted, the type of gun and whether it was serviceable or not was also noted. Some of these details 
can be traced back to Army regulations in force in 1863.

Circular No. 2

Circular No. 2, 1896, was issued in response to the increased clerical load in the Office of the Chief of Engineers 
from the increased fortification construction activity. In excess of 30 batteries were either completed or under
construction and many more were planned at the time this circular was issued. (The first [document] would not be 
transferred to the Artillery until a few months after this circular was issued in March.) 

When the Spanish American War started in 1898, fortification construction increased markedly over the 1896 levels 
as Congress appropriated substantial sums for defense. By October 1900, over 125 batteries had been transferred to 
the Artillery. Trying to distill the operational readiness of each harbor defense from the monthly operations reports, 
armament reports, and armament sketches, described in  (which included statements of financial 
accounts), must have become increasingly difficult for the staff at the Office of the Chief of Engineers. To make the 
task of assessing operational readiness easier the RCB was designed. The RCB form was [first] printed in 

, 1900.

Circular No. 2

Circular 
No. 30

The major strength of the RCB over earlier forms was its tabular format; a concise summary of the operational 
readiness of the harbor defenses in any engineer district. In filling out this form, engineers were only required to fill 
out the first two columns for works transferred prior to 1890. The RCB was also to be used for reporting on 
completed range-finding stations, cable tanks, mine casemates, and torpedo storehouses. For each engineer district, 
the RCB was to be current to 1 October 1900, and it was intended that new works would be added at the bottom of 
the list as they were transferred to the Artillery. Most importantly, this was a monthly report.

By the order of , 22 September 1903, annual armament reports were discontinued. In its place a 
more expanded form of RCB was introduced. In addition to requiring the listing of the official name of each 
battery, the new form recorded the individual number and name of the manufacturer of each gun or mortar and 
carriage, and further listed the number of the emplacement for each gun, or, mortar and carriage. A number of other 
items were to be recorded as well.

Circular No. 18
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In contrast to its predecessors, these RCBs were to be submitted annually rather than monthly. The shift in 
frequency was undoubtedly intended to reduce unnecessary paperwork. By the time  was issued 
approximately 250 batteries had been transferred to the Artillery. Only minor changes were made to the RCB from 
1903 until RCWs were created in 1919.

Circular No. 18

Reports of completed works (RCWs) were created by the circular letter issued by the Chief of Engineers, Eben E. 
Winslow, on 30 January 1919. It prescribed that the annual RCBs were no longer required and that all data that the 
RCBs were intended to provide would be submitted on seven forms referred to as a Report of Completed Works.
Furthermore, new forms need only be submitted whenever changes in works made the old forms obsolete.

A brief description of the content of each of those seven forms, which changed remarkably little over the next 30 
years, follows:

Form 1: all important data relating to an individual battery.

Form 2: details of fire control and torpedo structures.

Form 3: details of mine wharves and tramways.

Form 4: details of searchlights (with a separate sheet for each light).

Form 5: details of electric [power] plants.

Form 6: existing engineering structures of a permanent or semi-permanent nature.

Form 7: a blueprint of the battery.

Four copies of each RCW were to be made, with one distributed to each of the district, military department, 
division, and chief of engineers offices.

The main difference between the RCW and the RCB was the separation of data onto distinct forms. For example, 
the details of different electric plants in a harbor defense area may have been listed under fort subheadings in an 
RCB, with the information scattered over several pages of a lengthy treatment for an entire harbor defense area. 
The RCW, on the other hand, consolidated all electrical plants onto a series of Form 5s, permitting easier 
comparison and assessment of material present in each harbor defense area.

Reports of completed batteries (RCBs) and reports of completed works (RCWs) were the end products of an 
increasing clerical load at the Office of the Chief of Engineers. In comparison to armament reports and sketches of 
the 1890s, the RCBs of the early 1900s allowed staff to distill much more easily operational readiness of
fortifications at each harbor across the country by listing individual batteries and armament in a table. The RCBs 
extended this idea by subdividing the information recorded in RCBs into categories (general battery and armament 
information, fire control structures, searchlights, etcetera). RCWs also allowed for greater detail in documenting
different elements of coast defenses than had the earlier RCB. Both are essential documents in the study of modern 
U.S. coastal defenses, 1890-1950.
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Coast Defense Resource Checklist

The Coast Defense Resource Checklist is intended to help structure National Park Service architectural inventories and 
maintenance efforts, with a range of possible users. For inventories—or surveys—of the batteries and their ancillaries, 
the checklist is devised to focus on detailed physical description (side one), and on integrity, as defined by the National 
Register of Historic Places (side two). For maintenance reviews of the installations, the checklist has an alternate 
application, with side one written to aid in ascertaining the essential character-defining features of the site, and side two 
written to identify significant deterioration requiring Park Service attention. Users of the checklist will complete the listed 
items variously, with more detail anticipated from professional architectural and military historians, for example, than 
would be expected from volunteers. Pre-field and post-field comments will also be widely divergent, dependent on the 
point of view of the user. All users are advised to take photographs during a field visit, with brief notation of the 
appropriate film roll and frames, and direction of the camera view (looking north), noted on the checklist. Comments 
made on the checklist are anticipated to vary from particular professional detailing, to reminders relevant only to the user, 
to warnings or cautions meant for anyone returning to the site at a subsequent date (poison oak present at this location, 
for example). Use of the checklist is discussed at greater length in chapter 4, while setting up field files (reflective of 
events at individual sites) is referenced in chapters 8, 9, and 10. Field files, like the checklist itself, will vary in their
composition. At the least, such files will want to include the checklist, photographs, sketch maps, and possibly a xerox of 
the appropriate Form 7 battery plan, annotated with specific user remarks. Separate site files, of course, will undoubtedly 
be set up for the process of inventory (survey) and for maintenance.

 

Action Log

The Action Log is suggested as a device for recording routine maintenance actions at the batteries, as well as for 
documentation of more unusual, experimental, or encompassing activities undertaken by the National Park Service.

 

 

 

Both forms are for reproduction in multiples as needed.

COAST DEFENSE RESOURCE CHECKLIST

 

FORT: STRUCTURE: STRUCTURE NO.: 

LCS NO.: NAMES: DATES: 

PREPARED BY: PURPOSE: 

 

PERIOD:  Post-Civil War Endicott-Taft  WWII  Cold Waro ¨ ¨ ¨

MATERIALS:  Concrete Brick/Masonry  Iron/Steel Frame  Eartho ¨ ¨ ¨ ¨

TYPE:  Battery  Fire Control Structure  Mine Casemate Mine Structure¨ ¨ ¨ ¨

 Magazine  Emplacement  Searchlight Shelter  Power Plant¨ ¨ ¨ ¨
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 Dependent Structure Other¨ ¨

MISCELLANEOUS: 

PRE-FIELD DATA: 

 

I. CHARACTER-DEFINING FEATURES YES NO COMMENTS

SITE

1. Earthen Berms/Parados/Parapets ¨¨

2. Roadways/Walks ¨¨

3. Stairways/Ramps ¨¨

4. Retaining Walls ¨¨

5. Remnants of Historic Vegetation ¨¨

6. Historic Viewshed ¨¨

MATERIALS

1. Concrete Surfaces Marked in Flags ¨¨

2. Concrete Vertical Surfaces Smooth ¨¨

3. Narrow Mortar Joints in Brickwork ¨¨

4. Graded Earth Slopes/Earth-Covered ¨¨

5. Iron or Steel Doors/Shutters/Sash/Ladders ¨¨

6. Wood Doors/Shutters/Windows ¨¨

STRUCTURE

1. Additions such as Splinterproofs or 

Platform Extensions ¨¨

2. Windows in Rear Walls ¨¨

3. Technological Features ¨¨

4. Decorative Details ¨¨

5. Interior or Finishing Elements ¨¨

6. Round/Arched Interior Spaces ¨¨
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7. Historic Paint Schemes (In/Out) ¨¨

8. Camouflage Fixtures, Fittings, or Elements ¨¨

9. Historic Signage ¨¨

 

II. DETERIORATION/CHANGE YES NO COMMENTS

A. SITE

1. Gutters Plugged, Surface Drainage 

Inadequate ¨¨

2. Soil Eroded ¨¨

3. Soil Unstable or Sloughing ¨¨

4. Vegetation Overgrown or Intrusive ¨¨

5. Native Vegetation Issues ¨¨

6. Trails Inadequate or Inappropriately Placed ¨¨

7. Routine Maintenance Inadequate ¨¨

8. Hazard Issues Present ¨¨

MATERIALS

Metal Elements Embedded in Concrete, 

Rusted or Corroded ¨¨

Rusted or Corroded Reinforcing Steel 

Forcing Spalls or Cracks in Concrete ¨¨

Reinforcing-Steel Inappropriately Placed, 

Concrete Inappropriately Mixed/Placed ¨¨

Concrete Surface Deteriorated ¨¨

Concrete Marked by Structural Cracks or 

by Separation ¨¨

6. Wood Doors, Windows, Deteriorated ¨¨
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7. Routine Maintenance Inadequate ¨¨

STRUCTURE

Drains Plugged, Surface Drainage 

Inadequate ¨¨

2. Vegetation Overgrown or Intrusive ¨¨

3. Interior Spaces Inadequately Vented ¨¨

4. Handrails Inadequate ¨¨

5. Graffiti Present ¨¨

6. Trash and Debris Present ¨¨

7. Routine Maintenance Inadequate ¨¨

 

POST-FIELD COMMENTS/ASSESSMENT: 

PHOTOGRAPHIC NOTES

Roll and Frame No.: Direction of View: 

ACTION LOG

 

1/22/03 3:06 PMCOAST DEFENSE RESOURCE CHECKLIST

Page 4 of 5http://www.nps.gov/goga/history/seaforts/appendic/apendixc.htm



BATTERY LOCATION VISIT 
DATE

PRODUCT(S)
USED

ACTION(S) TAKEN/

COMMENTS
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Sources for Treatment, Materials, and Techniques

Trade associations, institutes, and councils can provide names of standards, suppliers, technicians, and state-of-
the-art research in their particular disciplines. This is not a complete listing of all sources of information. 
Specifications should be developed to treat conditions of deterioration based on the site-specific analysis of the 
architects or engineers preparing construction documents. Local suppliers of materials and techniques are 
known to local trade and material organizations and professional organizations. 

 

General:

Association for Preservation Technology (APT)

(540) 373-1621

Sweet’s General Building and Renovation Catalog

Telephone: (800) 892-1165

(800) 814-7703 (Sweet’s Buyline)

Web Site: www.sweets.com

 

Concrete:

American Concrete Institute

Telephone: (248) 848-3800

Concrete Reinforcing Steel Institute

Telephone: (847) 517-1200

International Concrete Repair Institute

Telephone: (703) 450-0116

Portland Cement Association

Telephone: (706) 966-6200

Reinforced Concrete Research Council

Telephone: (217) 333-7384
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Masonry:

Brick Institute of America

Telephone: (703) 620-0010

Council for Masonry Research

Telephone: (703) 620-0010

 

Metals:

American Foundrymens Society, Inc.

Telephone: (800) 537-4237

American Iron and Steel Institute

Telephone: (202) 452-7100

Copper and Brass Fabricators Council

Telephone: (202) 833-8575

Institute of Metal Repair

Telephone: (760) 432-8942

Metal Fabricating Institute

Telephone: (815) 965-4031

Metal Treating Institute

Telephone: (904) 249-0459

National Association of Corrosion Engineers (NACE)

Telephone: (713) 492-0535

National Ornamental and Miscellaneous Metals Association (NOMMA)

Telephone: (404) 363-4009
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Moisture Protection:

Sealant, Waterproofing, and Restoration Institute

Telephone: (816) 472-SWRI

 

Cleaning and Restoration:

Association of Specialists in Cleaning and Restoration

Telephone: (800) 272-7012

Institute of Inspection, Cleaning, and Restoration

Telephone: (360) 693-5675

 

Testing:

American Society for Nondestructive Testing

Telephone: (614) 274-6003

 

Protective Coatings:

Federation of Societies for Coatings Technology

Telephone: (215) 940-0777

National Paint and Coatings Association

Telephone: (202) 462-6272
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Manufacturers Materials and Techniques: Cut Sheets

The cut sheets provided are for specialized and hard-to-find materials and techniques. They are not intended to 
list all materials or techniques used in the treatment of the fortifications. The listing herein is not meant to 
endorse a specific product, or to exclude manufacturers of similar, comparable products, but are offered to set a 
standard. These materials should be used only after site-specific testing and under professional supervision. 
Cut sheets include the following:

Earthwork Stabilization

Concrete Restoration and Coatings

Concrete Repair Products

Concrete Epoxy Injection

Concrete and Masonry Moisture Proofing

Concrete Repair Mortars

Migrating Rust Inhibitors

Concrete Pigments

Concrete Coatings

Concrete Anchorage Devices

Colored Pigments for Concrete Camouflage Restoration

Graffiti Removal and Masonry Restoration

Industrial and Special Paint Coatings
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