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NAVAL MAGAZINE (NAVMAG) LUALUALEI, WEST LOCH 
BRANCH, AMMUNITION WHARF TYPE 

(Naval Magazine Lualualei, West Loch Branch, Structures Wl-W5) 

Location: At the water's edge at the northern portion of the installation, at the West Loch 
of Pearl Harbor, NA VMAG West Loch, Pearl Harbor, Hawaii. 

Si~nificance: These structures serve as excellent intact examples of military construction 
in the 1930s, and are significant as part of the initial base construction. They have served 
a significant and constant role at the installation since their completion. 

Description: Three of the wharves, numbers one, two and three, are located by the main 
shipping area, where the main administration building is located, and the two other 
wharves, numbers four and five, are located southeast of the main shipping area, closer to 
the magazine area. They are all of concrete construction, with a curb wall along the edge 
and large steel bollards for securing ships. See HABS No. HI-265 for additional 
description of the base. 

History: The ammunition wharves were constructed in 1932. The wharves have been in 
constant use since their completion, and appear relatively unaltered. See HABS No. HI-
265 for additional history of the base. 

Sources: 
Allan, Gwenfread 

1950 Hawaii's War Years. University of Hawaii Press, Honolulu, Hawaii. 

Coletta, Paolo; Editor 
1985 United States Navy and Marine Corps Bases, Domestic. Greenwood 

Press, Westport, Connecticut. 

Honolulu Star Bulletin 
1931 Munitions Work Contract Here Gets Increase. Honolulu Star Bulletin, 

July 2, 1931, pg.I, c.7. 

1931 Munitions Job in Full Swing by October 1st. Honolulu Star Bulletin, July 
24, 1931, pg.I, c.5. 

1931 Island Labor for Lualualei. Honolulu Star Bulletin,, Aug. 3, 1931, pg.4, 
c.2. 

Historian: Katharine Bouthillier, Spencer Mason Architects, 1994. 
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HISTORIC AMERICAN BUILDINGS SURVEY 

U.S. NAVAL BASE, PEARL HARBOR, AMMUNITIONS WHARF TYPE 

This report is an addendum to a 1 page report previously transmitted to the Library of 
Congress in 1994. 

Location: At the water's edge at the northern part of the installation at 
the West Loch of Pearl Harbor, NAVMAG West Loch 
Pearl Harbor Naval Base 
City and County of Honolulu, Hawai'i 

U.S.G.S. Pearl Harbor, HI Quadrangle 1999 (7.5 minute 
series) NAD83. 
Universal Transverse Mercator Coordinates: 
Wharf W1-3: 4.604793.2361078 
Wharf W4-5: 4.603844.2361527 

Data page 1 has been previously transmitted to the Library of 
Congress. 

Date of Construction: During the 1930s 

Designer: Unknown 

Builder: Contractors Pacific Naval Air Bases (Structure W-2) 

Present Owner: U.S. Navy 

Significance: These structures serve as excellent examples of ammunition 
wharfs constructed by the U.S. Navy during the 1930s. They 
are significant for their association with the development of the 
Naval Magazine at West Loch, and the role they played on 
December 7, 1941. The wharfs have served an important and 
continuous role at the installation since their completion. They 
are also significant as their design, materials, workmanship 
and methods of construction are typical for 1930s and 1940s 
reinforced concrete wharf construction in Hawaii. 
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A wharf is a structure at which vessels may land, load, and unload 
their cargoes and passengers. There are two types of wharfs: 
marginal and projecting. The deck of a marginal wharf· is 
constructed parallel to, and often adjoining, the shore, while that of 
a projecting wharf is constructed perpendicular to the shore, 
extending out into a body of water. The latter type is usually 
called a pier, while in the United States the word wharf usually 
refers to a marginal wharf. In Europe marginal wharfs are called 
quays. 1 The five wharfs which are the subject of this report are all 
marginal wharfs. 

Wharfs W1 through W5 are similar in their design, materials, 
workmanship, and methods of construction. Wharfs W1, W2, and 
W3 are contiguous, providing over 1,500 linear feet of docking 
space. Wharfs W4 and W5 are also contiguous and extend 1,000 
linear feet along their ocean front. Both sets of Wharf serve the 
Naval Ammunition Depot at West Loch, with Wharf W1, W2, and 
W3 being located at West Loch's main administration center, while 
Wharfs W4 and W5 are sited to the southeast of the other three 
structures in closer proximity to the magazine area. 

Wharfs W1, W2, and W3 front on West Loch running in a 
southeast to northwest direction, with W1 being the southeastern
most structure, while W3 is furthest to the northwest, and W2 is in 
the middle. They are situated within West Loch's administrative 
center, and Facility Nos. 1, 2, 4, 5, 47, 48, 319, and 564 stand on 
the shore adjoining the three Wharf, located within the barbed wire 
capped chain link fence which defines the perimeter of the 
restricted wharf area. Facility No. 48 immediately fronts Wharf W1 
at its southeastern end and functions as a warehouse. It is a 
single story masonry building with a corrugated metal, gable roof. 
It is 3 bays wide and 6 bays long, and is surrounded by lawn on all 
sides except that fronting the wharf. Facility No. 5 sits back from 
Wharf 1. This functional, flat-roofed masonry building has lawn on 
all four sides. The roadway accessing the wharf compound 
separates Facility Nos. 5 and 48 from the other buildings in the 
area. Facility No. 1, the Ordnance Field Office, fronts on the entry 
road and its three bay wide fagade features an inset, centered 
entry lanai defined at its corners by fluted square columns. The 
building is six bays long with a loading platform adjoining Wharf 
W2. Five steps at the northwest end of the loading platform lead 
down to the wharf. Facility No. 4, a restroom, stands in the lawn 
area at the rear of Facility No. 1. This modest masonry structure 
has a corrugated metal, gable roof. A concrete, World War II 
bomb shelter, with its typical semicircular profile stands between 
the restrooms and Wharf W2. To the northwest of the restrooms 

1 Carlton Green, Wharves and Piers, Their Design Construction and Equipment, New York: McGraw-Hill, 
1917, 1. 
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is Facility No. 319, a single story, masonry building with a gable 
roof, which serves as a smoke shed, a break room where people 
can smoke, as no smoking is allowed on the wharf. Between the 
smoke shed and the wharf is Facility No. 564, an electrical 
substation. All these buildings have lawns and trees surrounding 
them. Facility Nos. 2 and 47 are both single-story, masonry 
warehouses with gabled roofs which front on wharf W3. The 
latter, which is fifteen bays long, actually sits on the wharf and has 
railroad tracks running on either side of it. The former is five bays 
long, and both buildings are three bays wide. 

Wharfs W1, W2, and W3 are 37' wide, with Wharf W1 being 
approximately 594' in length, while Wharf W2 is approximately 
550' and Wharf W3 runs an additional 451' along the ocean, for a 
combined length of 1,595'. The wharfs 1 O" thick reinforced 
concrete deck slabs are supported by rows of 18" square concrete 
piles set approximately 11' on center to form one hundred forty 
five bays across the front elevation of the three wharfs. For Wharf 
W-1 a row of four piles, running perpendicular to the shore, 
demarcates each of its bays with the pile furthest from the shore 
set 4'-9" from the edge of the wharf. The second pile in the row is 
placed 8'-5" behind the first, and the third pile is set approximately 
10'-2" on center from the second pile, while the final pile is 
similarly spaced from the third. The last pile is spaced 
approximately 3'-6" on center from the bulk head. Wharf W2 has 
each bay demarcated by a row of three piles. The pile furthest 
from the shore set 7'-6" from the edge of the wharf. The middle 
pile is placed 6' behind the first, and the third pile is set 
approximately 11 '-9" on center from the second. The third pile is 
spaced approximately 1 '-9" on center from the bulk head. Wharf 
W3 has each bay demarcated by a row of five piles. The pile 
furthest from the shore is set 4'-9" from the edge of the wharf. 
The second pile is placed 8'-5" behind the first, while the next 
three piles are spaced approximately 6'-9" on center from each 
other. The pile closest to the shore is spaced approximately 3'-6" 
on center from the bulk head. The piles have concrete pile caps, 
which carry the deck's slab along with 2' square reinforced 
concrete tie beams. The bottom of the deck stands approximately 
8' above Mean Lower Low Water (MLLW) level. 

The water front edge of the three wharfs features a reinforced 
concrete, 8" x 12" curb, with double bitts and cleats near the edge. 
The bitts are 18" high and rise from a 20" wide base, while the 
cleats have an 18" wide base and span 3' across at the top. The 
original bitts and cleats were replaced by the present ones during 
a 1986 rehabilitation of the wharf. At the corner of Wharf W1 
stands an iron bollard with a bulbous head. Also present near the 
water's edge of the Wharf are electrical outlets, potable water 
outlets, and sewer inlets. The timber pile fender system, which 
protects the ships and wharfs from each other, is also not historic, 
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dating from the 1986 rehabilitation. The fender system includes 
12" square fender piles, 8" x 12" chocks, and 12" square wales. It 
is affixed to the Wharf via chains. 

Two sets of narrow gauge railroad tracks originally ran out onto 
the wharf and served the trains which transported ammunition and 
other materials. Tracks remain at the northwestern end of Wharf 
W3, while the footprints of the removed tracks are still readily 
discernable over the length of the wharf. The concrete girders 
which were located below the tracks to provide additional load 
bearing capabilities, remain in place. A steel plate with a diamond 
pattern covers an opening in the deck of Wharf W2. Expansion 
joints are found in the vicinities where Wharf W2 joins with Wharf 
W1 and W3. Also on the deck are four metal poles, approximately 
34" in diameter, which serve as lightning rods. There are also 
seven 30' high light poles, which replaced earlier poles in the 
same locations. The light poles are of seven gauge galvanized 
steel and rise from 3' high and 3' square concrete bases. The 
bases (other than number four, which was retained), light poles, 
and lights all date from the 1986 renovation. 

Steel sheet pilings retain the land on the shore side of the wharf 
along with pre-cast concrete, screen, quay walls. In 1986, as part 
of the rehabilitation project new tied back sheet piles were 
installed in a portion of Wharf W1. 

At the southeast end of Wharf W1 is a small boat landing. It is 
approached from Wharf W1 via a reinforced concrete, inclined 
ramp that is 22' wide and 55' long. The landing is 24'-8" wide and 
91 '-9" long. It has a 6" thick pre-cast concrete deck slab with an 
additional 4" of poured in place concrete on top. The slab is 
supported by 18" square piles, as is the ramp. There are fourteen 
rows of three piles, with each of the fourteen rows spaced 
approximately 11' on center. The first and third piles in each row 
are 4'-4" from the sides of the small boat landing, while the middle 
pile is spaced 8' on center from each of the other two. 

On the shoreline to the southeast of Wharf W1, outside the wharf 
compound's barbed wire fence, is an interpretive sign which 
relates the history of the May 21, 1944 disaster which saw the loss 
of six LSTs. A fleet of twenty-nine LSTs were moored across 
West Loch from the wharf at Walker Bay, loaded with troops, 
ammunition, fuel, and other supplies, planning to depart on May 
22, 1944 to support the invasion of Saipan. At 1508 hours an 
explosion occurred on LST-353, which spread a fire among the 
tightly packed ships, leading to the death of 163 men. The rusting 
hull of the partially sunken LST 480 is visible across the West 
Loch channel from the interpretive sign. 

The rehabilitation of Wharfs W1, W2 and W3 in 1986 resulted in 
the repair of the deck slabs, piles, pile caps, beams, and curb. 
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Further work was done to strengthen the beams and deck of 
Wharf W1 in 1987. However, despite these changes, the wharfs 
retain their integrity with most of their original material and 
structural members remaining intact. 

To the southeast of Wharfs W1, W2, and W3 are Wharfs W4 and 
W5. These two wharfs are contiguous, and run in an east-west 
direction, with W4 to the west. They are situated near West 
Loch's ammunition storage facilities, and buildings 399 and 367 
stand on the shore adjoining the two wharfs, located within the 
barbed wire topped chain link fence which defines the perimeter of 
the restricted wharf area. Facility No. 399 is a single-story smoke 
shed, which has a corrugated metal hipped gablet roof, and 
masonry brick walls surmounted by screened openings on all four 
sides. It serves as a break room, as no smoking is allowed on the 
ammunition wharfs. Building 367 is a two-story structure with a 
lateral running gable roof, which serves as an office for personnel 
managing the two wharfs and as a covered storage facility. It is 
eleven bays long with the nine eastern bays open. Each bay is 
defined by 6" x 6" posts which rise from 4'-6" high battered 
concrete bases, spaced approximately 20' on center. The posts 
support the top plates that carry Pratt trusses with 2" x 6" 
members which, in turn, carry the corrugated metal roof. Each 
bay contains four trusses. The two western bays are enclosed 
with corrugated metal walls. The grounds around the buildings 
are paved and contiguous with the wharf. 

Wharfs W4 and W5 are 46' wide, with Wharf W4 being 517' in 
length and Wharf W5 running an additional 484' along the ocean, 
for a combined length of 1,001'. The wharf's 1 O" thick reinforced 
concrete deck slabs are supported by 18" square concrete piles 
set approximately 11' on center to form ninety one bays across 
the front elevation of the two wharfs. The piles are set eight rows 
deep, with the row furthest from the shore set 4'-9" from the edge 
of the wharf. The second row is placed 3'-5" behind the first and 
the next six rows are approximately 5'-6" on center from each 
other. The row closest to the shore is 2'-11" from the bulk head. 
In 1987, when Wharfs W4 and W5 were rehabilitated, several 
piles were replaced with 16 %" octagonal pre-stressed concrete 
piles, and in several places these new style piles were added to 
further strengthen the load capacity of the slab. The piles have 
concrete pile caps, which carry the deck's slab along with 2' 
square reinforced concrete tie beams. The bottom of the deck 
stands approximately 8' above MLLW level. 

The front of the two wharfs features a reinforced concrete, 8" x 12" 
curb, with double bitts and cleats near the edge. The bitts and 
cleats are similar to those on Wharfs W1, W2 and W3, and 
replaced earlier bitts and cleats during the 1987 rehabilitation. 
Also present near the edge of the wharf are electrical outlets, 
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potable water outlets, sewer inlets, and a modern aluminum 
ladder. The timber pile fender system is also not historic, dating 
from the 1987 rehabilitation. The fender system includes 12" 
square fender piles, 8" x 12" chocks, and 12" square wales. It is 
affixed to the Wharf via chains. 

Two sets of narrow gauge railroad tracks originally ran out onto 
the wharf. The tracks were removed as part of the 1987 
rehabilitation; however, their footprints are still readily discernable, 
as is the T where the switching mechanism sat. The concrete 
girders which were located below the tracks to provide additional 
load bearing capabilities, remain in place. Also on the deck are 
two pairs of metal poles, approximately 34" in diameter, which 
serve as lightning rods. There are also seven light poles similar to 
those on Wharf W1, W2, and W3, which replaced earlier poles in 
the same locations. 

Steel sheet pilings retain the land on the shore side of the wharf 
along with reinforced concrete, screen, quay walls. In 1985, a 33' 
section of the steel sheet pilings for Wharf W5, had to be 
stabilized and tied back sheet piles with concrete dead-man 
anchors spaced 33'-6" apart were installed to replace the 
deteriorated pilings. In 1987, as part of the rehabilitation project 
new sheet piles were installed on the land side of the original 
sheet piles, with a 1 '-8" wide buffer of granular fill placed in the 
intervening space between the two sets of sheet piles. 

At the west end of Wharf W4 is a small boat landing. It is 
approached from Wharf W4 via a reinforced concrete, inclined 
ramp that is 22' wide and 54'-9" long. The landing is 24'-8" wide 
and 91 '-9" long. It has a poured in place, reinforced concrete deck 
slab, which is supported by 18" square piles, as is the ramp. 
There are three rows of fourteen piles, with each of the fourteen 
piles spaced approximately 11' on center. The first and third rows 
are 4'-4" from the sides of the small boat landing, while the middle 
row is spaced 8' on center from each of the other two. 

The rehabilitation of Wharfs W4 and W5 included the repair of 
their slabs, beams, curb and piles, and the replacement of such 
accoutrements as their double bitts and cleats. However, despite 
these changes, the wharfs retain their integrity with most of their 
original material and structural members remaining intact. 

Historical Context: During the 1920s U. S. Naval facilities at Pearl Harbor greatly 
expanded, transforming Pearl Harbor into a major overseas base. 
The establishment of an ammunition depot at Kuahua Island 
accompanied the enlargement of the base and its responsibilities. 
However, the location of the depot on this island, which in time 
was made a peninsula, proved impractical as it was soon in the 
middle of the base's activities. As a result in 1926 the Navy's 
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General Board recommended relocation of the ammunition depot. 
In 1931 work commenced to establish a new ammunition depot at 
Lualualei which also included under its administration lands at 
West Loch. The latter area was developed on 213 acres the Navy 
acquired from Campbell Estate in 1931. On April 30, 1934 
Kuahua ammunition depot officially closed and on the following 
day the Naval Ammunition Depot was officially commissioned. 
The depot included an 18.5 mile railroad which connected West 
Loch and Lualualei. 

In 1932 Wharf W2 was constructed by Contractors Pacific Naval 
Air Bases to provide for the loading and unloading of ammunition 
at the newly formed ammunition depot. This firm also built the 
ferry landing at West Loch. In addition to handling ammunition, 
the wharf also proved useful for the off loading of construction 
materials needed to construct the magazine's new facilities, with a 
railroad spur extending out onto the wharf. 

On the morning of December 7, 1941, the ammunition ship U. S. 
S. Pyro was moored at Wharf W2. Following the Japanese attack 
on Pearl Harbor, which commenced at 7:55, general quarters was 
sounded and the crew of the Pyro were issued ammunition and 
manned their battle stations. At around 8:20 they commenced 
firing on the incoming Japanese aircraft, which were heavily 
bombing the channel and the ammunition depot. At 9:12 a dive 
bomber tried to attack the ship, dropping an estimated two 
hundred pound bomb, which struck Wharf W2 and penetrated its 
concrete deck and exploded. The explosion heavily jarred the 
moored ship, resulting in damage to its after searchlight, steam 
lines, fuel oil heater and starboard circulator. The ship fired its 
machine guns at the bomber and hit it, but were not able to bring it 
down. At 13:30 the ship unmoored from the damaged wharf to 
shift its berth to Buoy 3 at West Loch. 

Although the U.S.S. Pyro was unsuccessful in bringing down the 
Japanese bomber that attacked it, the destroyer, U.S.S. Helm, 
which had just departed Berth X-7 in West Loch when the 
Japanese launched their attack, brought down at least one 
Japanese aircraft. It fired at the incoming aircraft with machine 
guns and its 5" battery, striking one plane which crashed at 
Hickam Field. 

Following the December 7, 1941 attack on Pearl Harbor, Wharf 
W2 underwent substantial repairs as a result of the bomb's direct 
hit. 

The advent of World War 11 led to a tremendous expansion of 
activities at Pearl Harbor as the base supplied all the ships and 
advance bases throughout the Pacific theater during the war. To 
handle the enormous amount of supplies and ammunition which 
passed through the naval base an additional 358 acres were 
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acquired to expand the size of West Loch. In addition Wharf W2 
was enlarged at either end by the construction of Wharfs W1 and 
W3 in 1943. Also in that year two new wharfs, W4 and W5, were 
also constructed. Before the close of the year, a small boat 
landing was constructed at the end of Wharf W1. The expansion 
of the wharf facilities at West Loch during World War II reflected 
the increased activity associated not only with the Ammunition 
Depot, but all of Pearl Harbor, as the naval base became the 
supply center for the Navy and Marine war efforts in the Pacific 
Theater. The wharf facilitated the Naval Ammunition Depot's 
mission of weapon, ordnance and ammunition receipt and 
dispersal, and also handled materials critical to the depot's 
mission involving weapons assembly and storage. For additional 
information on the role of the wharf during World War II see HASS 
No. Hl-53 and HASS No. Hl-265. 

With the conclusion of World War II, between 1945 and 1955, the 
wharfs continued to serve their traditional weapons and 
ammunition handling roles, with a surge of activity during the 
Korean War (1950-1953). With the end of the Korean War, 
activity at the wharfs dramatically decreased as the Navy 
concentrated its ordnance operations in the forward Pacific area 
by sustaining and expanding its capabilities at such locations as 
Midway and Guam. However, in 1957, with the introduction of the 
Regulus nuclear missile program, the mission of West Loch - and 
in turn the wharfs at West Loch - began to shift. The Regulus 
missile was a long-range cruise missile that was initially 
operational on surface ships and by the early 1960s was 
submarine-deployable and nuclear-capable. West Loch became a 
specialized guided missile support facility and assumed the role of 
a missile maintenance and preparation complex for Regulus 
armed submarines home ported at Pearl Harbor. The wharf 
handled the transiting of the approximately four ton warheads as 
well as many of the missiles' components and supporting 
equipment. The size of West Loch was greatly expanded in 1964 
when 1,509 acres were added to the installation. West Loch 
supported the Regulus missile program up through 1966, as the 
missiles, although deactivated in August 1964, continued to be 
used as target drones into the middle 1960s. 

In addition to the Regulus missiles West Loch also housed the test 
and assembly operations for the conventional (non-nuclear) Mk 46 
Anti-Submarine Warfare (ASW) torpedo, starting in 1960. Using a 
solid-fuel, hot-gas (nitrogen) propulsion system, the Mk 46 was 
capable of overtaking fast, elusive targets. It remains an 
important part of the Navy's arsenal and continues to be 
supported at West Loch. 

During the Vietnam War the Naval Ammunition Depot continued 
its traditional role of providing ammunition and ordnance for those 
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involved with the war. Trains ran regularly between the Wharfs at 
West Loch and Lualualei, transporting ammunition to and fro. In 
1968 it was decided that trucks would be used to transport 
ammunition and equipment to the wharfs and in 1970 the railway 
was closed. In 1973 West Loch became a separate entity from 
Lualualei Ammunition Depot, in anticipation that the inland depot 
would be closed. The decision to close Lualualei was not 
implemented; however, West Loch has continued as an 
autonomous entity, Pearl Harbor's primary ammunition depot. 

During the 1970s West Loch's former Regulus program facilities 
were placed into use as a torpedo overhaul operation, with an 
emphasis on the Mk 48 Advanced Capability torpedo, which 
remained operational throughout the Cold War period. The wharfs 
supported the torpedo programs as West Loch was responsible 
for loading the torpedos aboard submarines carrying Polaris 
submarine-launched ballistic missiles (SLBMs). The missiles 
carried by these submarines were loaded in Bangor, Washington. 
During the 1980s and 1990s, in addition to the torpedo 
responsibilities, West Loch, and its wharfs, also supported 
submarines equipped with the nuclear-capable Poseidon and 
Tomahawk missiles. The submarines were home ported at Pearl 
Harbor, and the ammunition for their nuclear weapons was stored 
at West Loch., following the closure of Waikele as a storage 
facility in 1974. 

In addition to their significant association with Pearl Harbor's role 
in World War II, the Korean War, and the Cold War, the wharfs are 
also significant as good examples of wharfs constructed by the 
Navy during the 1930s and 1940s. The wharfs were typical of 
their period with regards to design, materials, construction 
methods and workmanship. The design decision to construct 
marginal wharf rather than piers at West Loch followed common 
practice and most likely was predicated by the ample expanse of 
shoreline available for docking purposes, as well as the narrow 
width of the channel serving the wharf. 

By the time Wharfs W1-5 were built, reinforced concrete had 
become a trusted and accepted material for wharf construction. In 
the mid-1890s engineers in Europe began to use reinforced 
concrete in marine structures. However, it was not until after the 
turn of the century that the material began to be used on wharf 
and piers in the United States. The North German Lloyd's 
Steamship Company was among the pioneers of this application 
for reinforced concrete in America. Following the disastrous 
Hoboken wharf fire of June 30, 1900 which destroyed the 
company's wharf and adjoining warehouses, and claimed the lives 
of between 326 and 400 persons, the company rebuilt the 
Hoboken waterfront with reinforced concrete warehouses and 
Wharf which featured reinforced concrete decks placed on top of 
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wooden piles. 2 Within several years the Port Authority of New 
York started a similar wharf building program. By 1914 Richard L. 
Humphrey, the president of the American Concrete Institute, 
informed the organization's membership, 

In the construction of piers and wharfs 
concrete again proves to be the most 
suitable material. These structures for the 
most part are built on wooden piles and 
because of the short life of the piles has 
proved expensive not only as to first cost 
but to maintenance. . . . The reinforced 
concrete pile has, therefore, come into 
increasing favor as a substitute for wooden 
piles.3 

However, despite Humphrey's accurate, yet at the time optimistic, 
assessment of the use of concrete in piers and wharfs, it was not 
until in the next decade that people became more comfortable 
with using concrete in a marine environment, for as engineer 
Harrison S. Taft noted in 1910, "The first and most important 
question that confronts the engineer is the practicality of using 
concrete in sea water. There can be no denying the fact that, in 
attempting to make such use of concrete, there have been many 
disastrous failures."4 The failures of the United States Government 
dock in Boston (built 1899-1901, failure commencing almost 
immediately upon completion), the United States Government pier 
in Portsmouth, New Hampshire (built 1908), Dry Dock at the 
Brooklyn Naval Yard (built 1900, rebuilt 1913), a pier in San 
Francisco (circa 1906) and other maritime structures in New 
England and other parts of the nation led to uncertainty of the use 
of concrete in the minds of American engineers. As a result 
between 1906 and 1915 only approximately fifty docks or Wharfs 
were constructed of concrete in the United States. 

Taft found the failures of concrete maritime structures were not 
problems of design, but rather engineers not specifying 
appropriate materials and the builders' improper handling of the 
concrete. Working in a salt water situation required an 
impermeable, dense, slow setting, but quick hardening cement 
which was low in alumina and high in silica, and that contained no 

2 Samuel H. Lea, "The Uses of Concrete," Mines and Minerals, September 1903, 82. And 
Charles Staniford, "Modern Pier Construction in New York Harbor," Transactions of the American Society of 
Civil Engineers, 1910, vol. 77, 549. 
3 Richard L. Humphrey, "Annual Address by the President, The Use of Concrete in Hydraulic Works," 
American Concrete Institute, Proceeding of the Tenth Convention, 1917, vol. 10, 45. 
4 Staniford, pages 525-526. 
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free lime. The Germans were successfully making such cement; 
however, production in the United States developed slowly.5 

As in Hoboken, the initial concrete wharf in America featured 
concrete decks supported by wood piles. The use of concrete 
piles began on the west coast of the United States in 1905 or 
1906, and soon spread across the nation. A primary motivation 
for the development of concrete piles in the west was the 
presence of unusually high populations of shipworms, especially 
Teredo navalis, in Pacific and Caribbean ports. The piles in the 
harbor of New York were not affected by these wood borers, as 
the polluted waters kept their numbers low. These wood borers 
were capable of destroying a wood pile not treated with creosote 
in approximately eight months, and even with creosote most 
wooden piles in the Pacific were given a life expectancy of 
approximately one to five years.6 

By 1917 cylindrical piles, 3'-4' in diameter and up to 106' long had 
come into use.7 When compared to wood, concrete was three to 
four times more expensive during this period; however, reinforced 
concrete pilings were not only cheaper to maintain than wood, but 
fewer piles were needed as concrete piles could carry 
approximately three times the load of a wood pile. In addition, the 
concrete deck could be placed directly on top of the pile caps 
eliminating the need for intermediate structural elements. 

At West Loch, the choice of concrete as the ammunition wharf 
material, while most likely predicated in terms of its long-term cost 
effectiveness and durability, also had the collateral benefit of 
being fire resistant. In addition to the concrete wharfs, all the 
buildings in the immediate proximity of the Wharf are of masonry 
or metal construction, and spaced sufficiently far apart to guard 
against the potential of a disastrous fire. 

In addition to their use of reinforced concrete, the wharfs were 
typical of their period in design, with the decks standing 
approximately five to six feet above the high water mark. The use 
of anchored steel sheet piles for bulkhead walls had also become 
an accepted engineering and construction practice by the 1930s 
and until the present remains the most common form of bulkhead 
walls as they have proven themselves to be inexpensive as well 
as quick and easy to construct. Anchored sheet pile bulkheads 

5 Harris S. Taft, "Chemistry of Salt Water Cement," Metallurgical and Chemical Engineering, January 1914, 
v. XII, no.1, 26-30. And 
Taft, "Reinforced Concrete Docks: Foreign and American Structures. Failures, Costs and General 
Considerations," Transactions of the American Society of Civil Engineers, 1915, vol. 78, 1059-1138. And 
Taft, "Use of Wood and Concrete in Structures Standing in Sea Water," Transactions of the International 
Engineering Congress, 1915, 321-364. 
6 Howard T. Barnes, "The Reinforced Concrete Wharf of the United Fruit Company at Boca del Toro, 
Panama," Transactions of the American Society of Civil Engineers, vol. 66, 1910, 288. 
7 Greene, page 13. 
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made of timbers had been in use from before Roman times; 
however, it was not until the twentieth century that other materials 
came into use in America. The International Harvester Company 
was one of the earliest to experiment with reinforced concrete 
sheet pile bulkheads in America, having them built for their wharf 
on the Chicago River in 1909.8 Others to utilize concrete sheet 
pile bulkheads in the early years include the New York State 
Barge Terminus and the docks for the Sefton Manufacturing 
Company in Chicago.9 Steel sheet piles first came into use in the 
United States around 1912, when they started to be used to retain 
soil during the construction of sewer trenches. 10 Within a few 
years several projects experimented with the material as 
bulkheads for fresh water wharfs, including barge terminals in 
Buffalo and Rome, New York, and in Sandusky, Ohio. The wharfs 
at Jacksonville, Florida were among the first to try steel sheet pile 
bulkheads in a salt water environment. 11 

In addition, the use of a cast iron or steel mooring posts, at the 
out-shore corner of a wharf and bitts and cleats along their length 
were also standard design practices by the 1930s, which have 
continued to the present. Initially mooring posts were simply 
elongated, stronger piles at the corners of wharf. However, with 
the increased size and height of ships the ropes tended to slip off 
the posts, which led to the development of the cast iron mooring 
post, or bollard, which assumed a variety of shapes to prevent the 
mooring ropes from slipping off. The bulbous shape, as used on 
Wharf W1, was one of the more popular forms. 

The West Loch ammunition wharf, with widths of only 37' and 46', 
were narrower than typical commercial shipping wharfs which 
averaged between 80' and 150' in width. This narrowness was 
made possible by the Navy being the sole user of the wharf and 
the on-wharf presence of the railroad which facilitated the 
immediate on and off-loading of cargoes. In comparison, many 
contemporaneous commercial wharfs had to include space for 
sorting, collection, distribution, inspection, and temporary 
storage. 12 

The layout of the railroad tracks also followed proven design 
solutions with its set of double tracks with crossovers, which 
allowed for the loading or unloading of more than one hatch at a 
time without interruption. The location of the tracks near the 
water's edge also indicates the trains were primarily used for the 

8 Harrison L. Garner, "A Modern Type of Dock Construction," The Wisconsin Engineer, February 1909, vol. 
13, no. 2, 240. 
9 Thomas W. Clarke, Linton Hart, H. E. Sawtell, J. T. Scully, R. A Hale, and C. R. Gow, "Discussion of the 
History and Present Status of the Concrete Pile Industry," Journal of the Boston Society of Civil Engineers, 
November 1917, vol. 4, no. 9, 377. 
10 J. F. Springer, "Steel Sheet Piling," Municipal Journal, September 21, 1916, vol. 41, no. 13, 347. 
11 Greene, page 14. 
12 Greene, page 24. 
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direct transfer of ammunition to or from the ships. 13 Sets of tracks 
could be laid depressed, elevated over, or level with the wharf 
deck. Those at West Loch were level, which had the advantage 
over the other two options as it did not impede the use of carts 
and trucks on the wharf. 

Sources: 
Original Drawings 

The Navy has original architectural and engineering drawings for 
Wharfs W1-W5 in its repository at NAVFAC Pacific and NAVFAC 
Hawaii. The following drawings provided useful information in the 
preparation of this report: 

Title number date Designer 

Bulkhead and Pavement 7468830 9/19/85 Illegible 
Repairs: Wharf Sheet 2 of 2 
W1 ,2,3,and 5 

Renew Wharf Lights: 7469797 4/30/86 Richard Leong 

Wharf W1, W2, W3 7496798 

Repair Wharf W1, W2, W3 7469888 3/5/86 Edward K. C. Lau 
Sheet S-1 

Repair Wharf W1 , W2, W3 7469897 3/15/86 Shigemura, Yamamoto & Lau 
Sheet S-10 

Repair Wharf W1, W2, W3 7469901 3/15/86 Shigemura, Yamamoto & Lau 
Sheet S-14 

Repair Wharf W1, W2, W3 7469902 3/15/86 Shigemura, Yamamoto & Lau 
Sheet S-15 

Strengthen Wharf W1 7472079 2/26/87 GK: Engineering Design Group 

Typical Cross Section and Sheet S-4 

Longitudinal Section 

Repair Wharfs W4 and 7472374 2/4/87 Arnold T. Okubo 
W5, Floor Plan Sheet S-3 

Repair Wharfs W4 and 7472378 2/4/87 Arnold T. Okubo 
W5, Small Boat Landing, Sheet S-7 
Reflected Deck Plan 

Repair Wharfs W4 and 7472379 2/4/87 Arnold T. Okubo 
W5, Wharf W4, Reflected Sheet S-8 

13 Greene, page 192. 
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Repair Wharfs W4 and 7472380 2/4/87 Arnold T. Okubo 
W5, Wharf W5, Reflected Sheet S-9 
Deck Plan 

Fender System for Wharfs 7472757 5/27/87 Thomas C.H. Lum 
W4 andW5 Sheet FP-1 
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Project Information: The Pearl Harbor Naval Shipyard and Intermediate Maintenance 
Facility (PHNSY&IMF) proposes to conduct repairs and maintain 
structural integrity and prevent further deterioration of Wharves 
W1-5. In accordance with 36 CFR Part 800, implementing 
regulations of Section 106, National Historic Preservation Act, 
Commander Navy Region (COMNAVREG) Hawaii has consulted 
with the Hawaii State Historic Preservation Officer (SHPO) and 
other parties, and has agreed to update the documentation of the 
structures in accordance with HABS/HABS standards prior to 
undertaking the proposed alterations. This photo documentation 
and recordation fulfills that agreement. 

Prepared by: 

This report was prepared under a contract (N62742-06-D-1869) 
awarded to Wil Chee- Planning Inc., the prime contractor, and 
Fung Associates, Inc. the sub contractor, by the U.S. Navy, Pacific 
Division, Naval Facilities Engineering Command. This project is 
being supervised by Jeffrey Dodge, Historical Architect, NAVFAC 
Hawaii. The photographic documentation was undertaken by 
David Franzen, photographer. Don Hibbard and Mayu Ohama, 
Architectural Historians at Fung Associates, prepared the written 
documentation. 

Don Hibbard and Mayu Ohama, Architectural Historians 
Fung Associates, Inc. 
1833 Kalakaua Avenue, Suite 1008 
Honolulu, HI 96815 

Date of Report: December 30, 2010 
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Portion of Drawing No. 7472377, dated February 4, 1987, Section of Repair of W4 
and W5, Railroad Track Removal. (not to scale) 
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Portion of Drawing No. 7468830, dated September 19, 1985, Section for Bulkhead 
Repair, Wharf W5. (not to scale) 
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Portion of Drawing No. 7468830, dated September 19, 1985, Plan for Bulkhead 
Repair, Wharf W5. (not to scale) 
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