Noteworthy Bay Area projects that involved geotechnical issues
J. David Rogers
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Lieutenant Don Juan Manuel de Ayala’s map of the San Francisco Bay, made during the Portola Expedition to Alta California in September and October of 1776.  It represents the earliest engineering work in the San Francisco Bay region. It included details such as Lake Merced, Islas Creek, Point San Mateo (courtesy of the Bancroft Library).
1853  Mare Island Dry Dock.  In 1850 the Navy’s Bureau of Yards and Docks began constructing a dry dock in New York.  It was built in sections so it could be dismantled and shipped around Cape Horn to San Francisco Bay. By the fall of 1853, a basin to hold the dry dock was excavated at Mare Island in the lower Napa River Estuary and the dock was completed.  The first vessel to enter the dry dock was the commercial steamer S.S. Pacific.  This was the first dry dock constructed on the West Coast of the United States.
1853-61  Fort Point.  Fort Point was built between 1853 and 1861 by the U.S. Army Corps of Engineers as part of a defense system of forts planned for the protection of San Francisco Bay. These fortifications were the only Napoleonic era fortifications built west of the Mississippi River, intended to protect the Bay’s important commercial and military installations against foreign attack because of all the gold and silver being shipped around Cape Horn to the East Coast. The fort is a classic example of the Third Napoleonic Era style of military architecture, designed to resist fire from non-rifled canon aboard sea going vessels. Some eight million bricks made in a nearby brickyard were incorporated into the pre-Civil War fortifications at Fort Point, Alcatraz, and Angel Islands. The advent of rifled canon during the American Civil War made Napoleonic fortresses obsolete because of the increased accuracy of their projectiles, which could repeatedly hit the same part of the brick fort, quickly causing its collapse.
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Early roads were often subject to drainage, erosion, and landslide problems.  These roads were commonly closed during the wettest winter months.   Note boards placed over low point of this road, between Orinda and the Joaquin Moraga Adobe.

1866-67 – Temescsal Dam.  Temescal Dam was constructed by mining engineer Anthony Chabot by the hydraulic fill method between 1866-69 with 3:1 side slopes. It was raised 10 ft in 1886, with lowering of downstream slope to 5:1.  The finished height of 115 ft made it world’s highest for awhile. Built unknowingly across the Hayward fault, it survived the M.6.8 Oct 21, 1868 Hayward earthquake (though no surface fault rupture).  The dam was ceded to EBRPD in 1934-35 and lowered by 30 feet.       
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Maximum section through Temescal Dam in 1888, after it was heightened. Note the masonry core wall.  The dam was lowered 30 feet by the East Bay Regional Park District in 1935.  

1870 
Lake Chabot Dam and reservoir.  Built as a municipal water supply structure by Anthony Chabot for the City of Vallejo. Embankment is 47 feet high, crest length 400 feet and embankment volume of 75,000 cubic yards.  Situated next to and used by Six Flags amusement park. 
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Most of the embankment dams constructed between 1865-1940 in the Bay Area employed hydraulic fill techniques, pioneered by Anthony Chabot in the Sierra foothills during the California Gold Rush.     
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Grading of Wildcat Reservoir in the Berkeley Hills in 1914, using horse-drawn Fresno scrappers. Early road projects employed horse drawn graders like these.  
1875 – San Andreas Dam.  San Andreas Dam was about built to a height of 81 ft by the Spring Valley Water Co to provide water for San Francisco in 1868-70, and raised to a height of 97 ft and length of 705 ft in 1875. The April 18, 1906 M. 8.3 San Francisco Earthquake caused 7 feet of surface fault rupture along the left abutment of San Andreas Dam, severing the 7.5 ft diameter outfall tunnel. The embankments were likely subjected to peak ground acceleration (PGA) exceeding 0.7g, without any overt damage being noted. Dam raised 6 ft in 1928. Its survival unscathed from the 1906 earthquake pointed to the enormous flexibility of clayey embankments under seismic loading. 
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Left - Plan sketch of the surface fault offset exposed in the left abutment of San Andreas Dam after the April 1906 San Francisco earthquake. The mouth of the spillway tunnel was offset about 7 feet. Right – Right-lateral offset of the dam’s outlet (waste water) tunnel, which was 7 feet high.   
1879-81  Oakland Long Wharf.  In 1879-81 the Central Pacific Railroad constructed 6,888 feet long Oakland Long Wharf, using rock quarried from Niles Canyon, 25 miles away.  The long wharf provided Oakland with deep water berthing for up to six ships as well as railroad ferries serving San Francisco. 

[image: image8.jpg]— 4 :
o WA TR
= SAND Mol e ~‘/~$‘ 03
S o I
O »Sﬁb 9]
S
R

=
e

i oA .
g, = Lipdl
= O
»'\, LN\
Z Bt

mme w3 T
VI T L0y S

g





1915 USGS topographic map showing the Oakland Mole (Oakland Long Wharf) and the Alameda Mole constructed by the South Pacific Coast Railroad, a narrow gage line.  It also shows the deep water San Antonio Creek Channel connecting with the Oakland Inner Harbor.  This area expanded rapidly to accommodate shipbuilding triggered by the First World War in 1917-19.        

1879-81   Construction of the Alameda Mole.  Between 1877-81 the South Pacific Coast Railroad constructed a narrow gage line between Alameda-Oakland, Newark, San Jose and Santa Cruz.  They provided much-needed competition for the Southern Pacific in the trans-bay ferry business, between Oakland and San Francisco by constructing the Alameda Mole parallel to SPRR’s Oakland Long Wharf, which connected to a ferry slip, offering daily service across the bay.  The Alameda Mole paralleled the San Antonio Slough breakwater, as seen in the 1915 USGS map, above.  The railroad also built a swing bridge across the San Antonio Estuary along the present alignment of the Webster Street Tube, which allowed commuter connection with Oakland and points east and north.  The wrought iron swing bridge was built by the Detroit Bridge and Iron Works.  The South Pacific Coast line opened for business on May 30, 1881, shuttling passengers across the bay during weekdays and running tourist excursions to Santa Cruz on the weekends.  The South Pacific Coast Line’s ferry service was actually a few minutes faster than that operated by the Southern Pacific.  By 1887 Southern Pacific obtained controlling interest in the line, hence the label “S.P.R.R Narrow Gauge” on the 1915 map.  

  
In 1898 the swing bridge across the San Antonio Estuary was dismantled and moved to the narrows across San Leandro Creek, between the southern tip of Alameda and Bay Farm Island.  It was replaced by a more substantial swing bridge, which conveyed the rail line until it was struck by a steamer of the Dollar Line in 1925 and collapsed into the estuary.  The older swing bridge became the San Leandro Bay Bridge and served for 70 years in total, carrying two lanes of vehicular traffic across the narrows until it was replaced by the current bridge in 1951, which was constructed by the State Division of Highways.    
1877-80   Railroad Tunnels in the Santa Cruz Mountains.  Eight tunnels were excavated in the Santa Cruz Mountains between 1876-80 by the South Pacific Coast Railroad narrow gage rail line between Alameda and Santa Cruz.  This line was opened in May 1880.  A summit tunnel 6,157 feet long was excavated between Wright’s Station (a logging camp) and Laurel.  It took three years to dig.  Another tunnel 5,793 feet long was excavated between Laurel and Glenwood, and the Mountain Charlie Tunnel, 913 ft long, at Clems, and a 220 ft long Zayante Tunnel adjacent to Zayante Creek. This route ran through Scotts Valley, then down the San Lorenzo River and through the 918 foot long Mission Hills Tunnel in Santa Cruz.  This line was absorbed by the Southern Pacific Railroad in 1887.  The Wrights Station Tunnel suffered a partial collapse in the April 1906 San Francisco Earthquake, where the san Andreas fault passed through the tunnel.  This occurred just a few hours before the inaugural run of the first standard gauge train along the previously narrow gauge line. The tunnel was right-laterally offset approximately 5 feet (most of the other railroad tunnels in the Santa Cruz Mountains suffered some damage or were blocked by slides near their portals).
On the afternoon of February 26, 1940 the line was closed by mud slides and wash-outs following several days of turbulent storms and the Southern Pacific abandoned the line as being uneconomic.  The summit tunnel was sealed off about 750 feet from the south portal by the U.S. Army on April 4, 1942 because of concerns about it being used for infiltration by Japanese-American fifth column saboteurs.  Portions of this abandoned line began operating out of Felton in 1963. The Roaring Camp Railroad runs upgrade to Bear Mountain while the Santa Cruz Big Trees & Pacific Railway runs downgrade through the Rincon Valley and San Lorenzo River Gorge to the Santa Cruz Beach Boardwalk.  & Big Trees Narrow Gage Railway, running up to Bear Mountain, while the operated between Felton and Henry Cowell State Park.   
1879-1893   Excavation of channel between Oakland and Alameda.  In the late 1870s a group of Oakland businessmen sponsored the excavation of a tidal-level channel between the Brooklyn-Fruitvale area of Oakland and Alameda.  This was intended to enhance diurnal “tidal draw,” which would pull the silt laden waters of San Antonio Slough out into San Francisco Bay, and thereby facilitate seaborne shipping without having to pay exorbitant rates to the Southern Pacific Railroad to use their Long Wharf.  This project was a major undertaking for that era and was eventually completed in 1893, making Alameda an island.       
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Crystal Springs Dam was never completed to its original design height until 2010, 118 years after it was completed.  Left image shows flood water overtopping the dam crest in 1890. Images at right show the wooden trestle constructed across the dam’s crest after the 1890 flood, these images being taken in 1895 and 1898. 
1888 – Crystal Springs Dam.  Designed by Hermann Schusler, Chief Engineer of the Spring Valley Water Co. No good rock at the site, so concrete used. It was the first mass concrete dam in the world. Intended to be 170 ft high, construction was halted at a height of 154 ft., with an arch radius of 632 ft. Situated 1000 ft east of the San Andreas fault, it survived the M. 8.3 1906 earthquake without damage.  The mass concrete was formed into interconnecting blocks, with grouted joints. All of the cement had to be imported from England. The concrete mix was specified as: 1 barrel of Portland cement, 2 barrels of sand, 2/3 barrel of water and 22 ft3of crushed stone; which equates to 470 lbs of cement per cubic yard, making very strong concrete.  Seismic vulnerability assessed by Wahler & Associates in 1977-78.   

1889  Lake Alvord Bridge, the first reinforced concrete bridge in America was built by Ernest L. Ransome over a pedestrian entrance to San Francisco's Golden Gate park, welcoming visitors to the Children's Quarters. Known as the Lake Alvord Bridge.  Ransome was a great 19th Century innovator in reinforced concrete design, mixing equipment, and construction systems. The bridge was constructed as a single arch 64-feet wide with a 20-foot span. Ransome is believed to have used his patented cold-twisted square steel bar for reinforcement, placed longitudinally in the arch and curved in the same arc. The face of the bridge was scored and hammered to resemble sandstone. 

1890-92 – Chabot Dam.  Second earthen embankment dam designed and constructed by Anthony Chabot, on San Leandro Creek, above San Leandro.  The dam is 142 feet high and comprised of 622,000 cubic yards of hydraulic fill, but very clayey. 

1890s First Oakland Inner Harbor facilities.  Oakland’s Inner Harbor facilities along the San Antonio Estuary were initially constructed by the City in the 1890s, focusing on the “Brooklyn Basin,” between what is now Laney College and Government Island.  
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The Santa Fe Railway Ferry San Pablo pied the waves between Point Richmond and San Francisco’s waterfront for more than four decades.  

1898-99 Santa Fe Contra Costa Line Tunnels.  The Santa Fe Railway reaches western terminus at Point Richmond, and by rail ferry to SFO.  Several tunnels were constructed along this right-of-way, including: Pt. Richmond Tunnel (750 ft long), Franklin Canyon Tunnel (7,600 ft); West Martinez Bridge approach (285 ft), and the Muir Station Tunnel (1,900 ft).

[image: image13.jpg]



Blasting of Arch Rock by Corps of Engineers to remove obstruction to navigation in San Francisco Bay in 1901.  

1906 San Francisco Earthquake.
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Wright’s Station Landslide in the Santa Cruz Mountains was triggered by the April 18, 1906 earthquake, burring the lumber camp of the same name, killing 13 people.

1906-15  Port of Oakland Expansion.  In the wake of the April 1906 SF Earthquake Oakland greatly expanded its port facilities in an ambitious building program.  In 1910-12 the port authority constructed a 2,000 ft long pile supported concrete inner harbor quay wall, while the Western Pacific built its Oakland Terminal and the Oakland Estuary Mole, west of Adeline Street.  By the time of the First World War (1917-18) Oakland had emerged as the largest shipbuilding facility on the West Coast.  
1907-08  SPRR Peninsula Line tunnels.  Southern Pacific Railroad bored four tunnels between Third and Townsend along their San Mateo Line, totaling 8,815 feet during 1907-08.  These can bee seen while traveling along Interstate 280 between downtown and the 101 interchange.  

1908-09  Niles Canyon Tunnel.  Between 1904-09 the Western Pacific’s Feather River Route was constructed between Oakland and Salt Lake City (and by ferry to SFO). Their longest tunnel in the Bay region was that constructed in Niles Canyon, which is 4,180 ft long.  The Western Pacific parallel its rival line, the Southern Pacific, across Altamont Pas and through Niles Canyon, so was obliged to expend a bit more effort because the most favorable right-of-way was already spoken for.  The Niles Canyon Tunnel was heightened in 1992 to accommodate double stack piggy back rail cars.  Geotechnical work by Shannon & Wilson.          
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Contractor driving battered timber piles for trestle approach to Southern Pacific’s Dumbarton Bay Bridge on August 14, 1907.

1910  Dumbarton Rail Bridge.  This was the first bridge built across any portion of the San Francisco Bay, by the Central Pacific [Southern Pacific] Railroad in 1907-10. SP used rail mounted steam powered pile drivers to advance creosote treated timber piles in the Bay Mud (see photo above).

The bridge has not been used since 1982 and the western approach collapsed after a fire in 1998. The bridge’s swing span is left in the open position, allowing boats to pass unimpeded. There are plans for a new rail bridge and rehabilitation of the rail line to serve a commuter rail service to connect Union City, Fremont, and Newark to the SF Peninsula. 
1911-13 – Redwood Tunnel.  A railroad tunnel 3,375 feet long was excavated beneath the Oakland Hills between Shepherd Canyon and Eastport (on upper San Leandro Creek).  Excavation began on August 16, 1911 and was completed on January 12, 1913, in 16-1/2 months, using Yugoslav miners.  The tunnel was built for the new Oakland, Antioch & Eastern Railway (which became the Sacramento Northern RR), an electrified interurban line that connected Oakland to Moraga, Lafayette, Walnut Creek, and Antioch (and later, Rio Vista, Sacramento, and Chico, a distance of 157 miles).  The largest excavation for this line was the Melin Cut at the mouth of Shepherd Canyon (44 ft deep), just above Shepherd Cyn. Rd.  The line opened for passengers and freight on March 2, 1913; passenger service was discontinued in 1941, with freight service continuing until March 1, 1957. The tunnel portals were sealed in mid-1957.  EBRPD examined re-opening tunnel for bike pathway in 1979, but rejected because of security concerns. Tunnel collapse sinkholes near eastern portal in 1970s and above western portal in early 1980s.    
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Last train exiting west portal of the Redwood Tunnel in Oakland’s Shepherd Canyon on March 1, 1957. 

1913-14 – Creation of the Marina District.  Infilling Washerwoman’s Lagoon on San Francisco’s North Shore using hydraulic fill to create “made ground” for the 1915 Pan Pacific Exposition, to showcase San Francisco’s “rise from the ashes” of the 1906 earthquake. This became the City’s prestigious “Marina District,” damaged in the 1989 Loma Prieta Earthquake.

1914 – Stockton Tunnel.  The City of San Francisco christened the new Stockton Tunnel on December 29, 1914.  It provided the North Beach area's new access to the downtown shopping district—or from downtown shopping.   Some 40,000 citizens of North Beach had rallied for its completion, north of the barriers of Nob Hill, Chinatown and the Hall of Justice. 
1914  Belt Line Tunnel.  A 1500-foot long tunnel for the Port of San Francisco’s Belt Line Railway was excavated by the Harbor Commission under a portion of Fort Mason in 1914.

1914-18 Twin Peaks Tunnel.  Rapid transit tunnel under San Francisco’s Twin Peaks opened on February 3, 1918.  Constructed by contractor Robert C. Storrie & Co., began  on November 2, 1914, to take 1000 days and $3,372,000 to complete the 25-by-25-by-12,000-foot project, 8800 feet being underground. They finished it with a month to spare. Shifts of 500 and more workers had carved through 5000 feet of sand, much of it saturated; 2300 feet of clay and 3500 feet of rock.  This opened up to “west side” to real estate development throughout the 1920s and allowed commuters to travel to and from the downtown area.
1912-26  -  Studies for the San Francisco-Hetch Hetchy Aqueduct.  Initial concept and reconnaissance by John R. Freeman.  


1918 – Calaveras Dam liquefaction failure. Calaveras Dam was intended to be 240 ft high with a volume of 3 million cubic yards placed by hydraulic filling, making it the largest earthfill dam in the world in 1914. On March 24, 1918, 800,000 cubic yards slid upstream into 55 ft of water in 5 minutes, destroying the 230 ft high intake tower.  In 1923 construction was resumed on an embankment 25 ft lower, with flattened side slopes. First time the word “liquefaction” was proposed to describe the failure mechanism involved, by consulting engineer Allen Hazen.  
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Allen Hazen coined the technical term “liquefaction” to describe the mode of failure involved in the liquid-like failure of the upstream shell of Calaveras Dam in March 1918, shown in this aerial oblique view.   

1919-20 – San Pablo Dam.  San Pablo Dam was constructed by the East Bay Water Company (precursor to EBMUD) in 1919-20.  At 220 feet high, it was the world’s highest earthfill dam and was constructed using hydraulic fill techniques. Its volume of 2,200,000 cubic yards made it the largest embankment dam in the world till the completion of nearby Calaveras Dam in 1925.  It took 17 years to fill, because of the Moklumne Aqueduct had to be completed.  It was retrofitted using rolled earth fill in the mid 1970s.
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Marion shovel excavating fill for the San Pablo Dam, c. 1919.  Note hopper dumping wagon.
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Hydraulic filling scheme employed at San Pablo Dam, showing core pool.
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San Pablo Dam, as completed in 1920, when it was the world’s highest embankment structure.
Hydraulic fill techniques revolved around the use of a hydraulic monitor that directed a high velocity jet of water at an exposed face, loosening such material and sluicing it into a lower area, where it would be deposited. 

1920s
Hydraulic Filling for Oakland Outer Harbor begins.  This maritime expansion continued throughout the 1920s, as the City acquired SPRR’s Great Oakland Wharf and begin filling in the shallow waters of the East Bay using hydraulic fill (mostly Merritt Sands). 

1922 Cal Memorial Stadium and the Hayward Fault – During construction of Memorial Stadium on the Berkeley campus Geology Professor John Buwalda inspected four deep foundation trenches and discovered the Hayward fault, as well as what he interpreted to be a right-lateral shudder ridge across the mouth of Strawberry Canyon.  Buwalda wrote a seminal paper on the Hayward fault, but it isn’t published until 1929 in the Bulletin of the Seismological Society of America (R.J. Russell studied the Hayward fault much further south, between Hayward and Fremont, described in a BSSA article published in 1926).  Buwalda transferred to Cal Tech in Jan 1926 and built the largest academic program in geology in the USA.  

1925-27  First Dumbarton highway bridge. The original Dumbatrton Bridge was a two lane structure crossing was constructed in 1926-27 across the South Bay, parallel to San Francisco’s Hetch Hetchy Aqueduct.  The bridge never was officially named, but the common use name comes from Dumbarton Point, near what is now Newark. It was privately financed to provide a shortcut for traffic originating in San Mateo and Santa Clara Counties. The bridge opened on January 17, 1927 as the first vehicular bridge to cross San Francisco Bay. Portions of the old drawbridge remain as fishing piers. The original bridge was purchased by the State Division of Highways for $2.5 million in 1951.

1924-28  Posey Tube –
 This idea came about from War Department in 1917-18, to eliminate hazards of open water crossings in Oakland-Alameda Estuary, where ships were being built under government contract. In 1924 Alameda County appointed a Board of Consulting Engineers to review their plans for a vehicular tube to be constructed beneath the San Antonio Estuary between Oakland and Alameda near Webster Street, to replace the old swing draw-span Webster Street Bridge (which was wrecked by the collision of the steamer Lancaster on January 7, 1926, while the Posey Tube was under construction).  

This board was comprised of: Clifford M. Holland, Professor William H. Burr, and Professor Charles Derleth, Jr. of U.C. Berkeley. C. M. Holland (BA 1905, BSCE 1906 Harvard) had supervised the construction of four major tunnels in New York City, and was directing construction of the largest vehicular tunnel ever attempted up to that time, when he died of an apparent heart attack at age 41, on October 7, 1924.  That project was named the Holland Tunnel in his memory when it opened in November 1927.  William H. Burr was a Professor of Civil Engineering at the Columbia University in New York who had served on the First Isthmian Canal Commission (in 1899-1901) and most of the consulting boards for major tunneling projects around New York City and Boston.  Berkeley civil engineering Professor Charles Derleth was a Consulting Engineer for Alameda County on numerous municipal structures, including the Posey Tube. 

The work on the Alameda Estuary Tube was supervised by Alameda County Surveyor George A. Posey, who served as the project’s chief engineer, after voters approved a $5 million bond issue in early 1925. Ned D. Baker was design engineer, supervising all office design work, Merton C. Collins (BSCE 1912 Berkeley) was the project’s structural and ventilation engineer, and Lochiel M. King was construction engineer in charge of field work.  
18 months was allotted for developing a suitable design for a subaqueous highway tunnel beneath the Oakland Estuary, connecting to Alameda.  Detailed geologic profile was developed, published in Western Construction News issue of March 25, 1926.  Bids were let in March 1925 and construction undertaken between April 1925 and October 1928. The contract for construction was awarded to the California Bridge & Tunnel Co. on April 28, 1925, calling for completion in 900 days. 
No details are offered about who developed the cross sections, but one stratigraphic unit that evolved from the project was the so-called “Posey Sand,” to describe Merritt Sands that had been re-worked or deposited within channels (both are considered part of the San Antonio formation), often interfingering with the Young Bay Mud (see Trask and Rolston, 1951).    

The subway was 4,437 ft long. The tunnel was 3,545 feet long and 4,400 ft including the cut-and-cover approaches.  One of the project’s most novel aspects was its use of precast concrete tubes, which were sunk in place to form the middle 2,437 ft of the subway, beneath the estuary. These segments were 37 ft in diameter (32 ft inside) and 203 ft long, placed on crushed rock and tremied concrete pads and backfilled with a sand cushion.  Twelve 203-foot long precast concrete sections were fabricated on shore and then towed into place and sunk in the Oakland Estuary, creating the largest subaqueous tube ever undertaken until that time.  The tube’s outer diameter of 37 feet was the largest in the world at the time (New York’s Holland Tunnel, also under construction at that time, had an outside diameters of 29’-6”).   

The project was completed on October 27, 1928 and christened the “George A. Posey Tube.” A second parallel tube was constructed by the State of California in 1960-62 using 12 precast tube segments.  
A second parallel crossing, often referred to as the “Webster Street Tube,” was designed and constructed by the State Division of Highways in 1960-62.     
1924-26 – Upper San Leandro Dam and Reservoir.  Constructed by EBMUD  as a hydraulic fill embankment  in 1925-26, on San Leandro Creek upstream of Chabot Reservoir.  Original structure was 190 feet high, 660 ft crest and 1.248 million cubic yards of hydraulic earth fill.  Reservoir storage of 41,436 ac-ft.  Retrofitted with new rolled fill embankment dam downstream of original hydraulic fill embankment in 1977-78.  

First bridge designed for distribution of earthquake forces (1925-27)  - The Carquinez Straits Toll Bridge between Crockett and Vallejo was built by the American Toll Bridge Company for a cost of $8 million, contributed by private investors. Berkeley Professor Charles Derleth, Jr. served as Chief Engineer for the project, but David B. Steinman of New York served as the Designing Engineer (Steinman went onto considerable fame as a bridge engineer and one of the fathers of the National Society of Professional Engineers, in 1934).  Columbia University Professor William H. Burr served as the project’s Consulting Engineer, reviewing the project plans and construction.  

During the design process Steinman was tasked with considering how seismic loads might best be handled, to prevent the bridge from suffering undue damage or closure, in the event of an earthquake similar to that which had destroyed San Francisco in 1906.  In an attempt to spread seismic loads to the eight caissons and the Crockett bulkhead, Steinman developed expansion stops and hydraulic buffers placed across all the bridge’s expansion joints, to limit the amount of possible sudden movement, such as that caused by earthquakes.  These have come to be known as “Shock Transmission Units” (STU’s).  His STUs were placed between the bridge’s expansion joints and bearings   to form a rigid link under rapidly applied loads, such as earthquakes, explosions, or wind gusts, but move freely under slowly applied loads, like temperature and creep shrinkage. This was accomplished by using dashpots that employ sufficiently viscous fluids that will not easily flow through a narrow gap, orifice, or valve, thereby generating considerable resistance.  But, if the loads are applied slowly, there is little resistance.  Six STUs were employed in the 1927 span, and the same number of high capacity STUs were also embedded in second, wider span, built by the California Division of Highways in 1956-58 (these were replaced with 1800 ton STUs in 2002-04).      

The final design employed two main spans of 1100 ft each with an intervening cantilever span of 3,350 ft, making it the longest cantilever bridge in the United States. The bridge’s clearance over the channel varied from 122 to 160 ft, from south to north. Eight caissons were sunk through up to 90 ft of water and up to 45 ft of sediment, overlying the bedrock (for a total depth of 135 ft), making them the deepest water piers ever built up to that time. 

The bridge was constructed between February 1925 and May 1927.  It was operated privately for 13 years, until being purchased by the State of California in September 1940, who operated it as a toll bridge until it was paid off, on August 1, 1945. In 1958 a second bridge was completed by the State Division of Highways for Interstate 80, and the westbound lanes were routed onto the 1927 span.  The bridge was dismantled in 2007 after a new suspension span was constructed just downstream.

1926-28 Claremont Water Tunnel -  The Claremont Water Tunnel is a 18,004 feet long water supply conduit built for the East Bay Municipal Utility District in 1926-28.  It conveys water between the Orinda Filtration Plant and Oakland, its portal being just north of the BART twin tunnel portals. The original geology along the proposed tunnel alignment was characterized by Carlton D. Hulin in April 1926, with oversight provided by Prof. George D. Louderback.  Up to ~4,000 gpm water flow was encountered during excavation of the tunnel, though this figure stabilized around 1,600 gpm, flowing west, towards Oakland (Louderback, 1929).  

The Claremont Tunnel experienced significant asesimic creep offset between 1927-2002, and was retrofitted in 2002-03 as part of EBMUD’s ten year Seismic Improvement Program (1994-2004).       

San Francisco Bay Toll Bridge (1927-29) - The Foundation Co. of New York was awarded the subcontract   to construct the deep water piers for the old San Francisco Bay Toll Bridge, between Hayward and San Mateo, which began in December 1927. It involved setting up the largest precast concrete yard the Bay Area had ever seen, for the concrete pilings, as well as the bents and girders for the roadway.  Two lane bridge on driven piles, with single lift span near western shore. The project was completed in August 1929 and remained in operation during World War II.  It was replaced in 1965-67 by State Route 92 Hayward-San Mateo Bridge (described later).  
1928  Machine Excavation of Deep Caisson Foundations.  
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	In early 1928 the Raymond Concrete Pile Company (based in New York City) opened up a west coast office in San Francisco.  

That summer the Gow Division of the Raymond Concrete Pile Company constructed their first drilled pier foundation on the west coast, establishing record for time-to-construction of deep foundations. The job was the Phoenix Assurance Building on Pine Street in San Francisco.  They employed a Hunt vertical caisson-cylinder excavator using a P&H crane (shown at left) to excavate 4-ft diameter caissons 38 ft deep, with 57 square foot hand-excavated bells in sandy clay, 10 ft below the water table.  This was the first time the tapered Gow Caissons were machine excavated, having been advanced using had methods previous to this job. This revolutionized foundation construction in San Francisco.   



1928  San Francisco’s Duboce Tunnel.  Excavated as an alternate course of Empire, the Duboce Tunnel offered a more direct rapid transit route to the new Sunset District, and was opened to the Muni "N" cars on October 21, 1928.  This was City Engineer M. M. O'Shaughnessy's third tunnel project. 
1928 – Lafayette Dam Embankment Failure.  The site and associated tunnel was evaluated by Berkeley Professor George Louderback. The dam was constructed by George Pollack Construction of Sacramento for the East Bay Municipal Utility District (EBMUD).  The160 ft high Lafayette Dam was an earthfill structure on top of native clayey alluvium filling the valley bottom, beneath the dam. Fill was placed at a record rate of 9000 yds3 per day in 1928 by George Pollack Construction Co. of Sacramento This rapid loading led to high pore pressures developing in the clayey foundation, comprised of up to 30 ft of overconsolidated colluvium. When nearly complete the downstream face experienced massive bearing failure between  September 17-21, 1928, dropping 26 feet 5 days.  This was never called a “landslide,” but was consistently referred to as “excessive settlement,” which involved about half of the dam’s downstream shell, extending well into the dam’s upstream face  (see aerial photo below). 
A Board of Experts was appointed by EBMUD to report on the Lafayette Dam failure in 1928-29. 

EBMUD appointed a board of four nationally-known experts to investigate the causes of the slope failure.  This board included: consulting engineer A.J. Wiley of Boise, Idaho, retired Stanford Professor Charles D. Marx, Charles H. Paul, former Chief Engineer of the Miami Conservancy District in Dayton, Ohio, and Caltech geology Professor F. Leslie Ransome.  Wiley had recently chaired Governor C.C. Young’s Blue Ribbon Panel to Investigate the Failure of the St. Francis Dam near Los Angeles the previous March, assisted by Professor Ransome, a member of the National Academy of Sciences. The board made their first visit to the site on October 28th, accompanied by Arthur Powell Davis, EBMUD’s Chief Engineer & General Manager.  The board was authorized to take all the time they deemed necessary to ascertain what occurred and what could be done about it. The dam was eventually completed in 1932, but with only 37% of the original storage capacity. It has the widest cross section of any earth dam in California.
[image: image22.jpg]



Aerial image of the September 1928 Lafayette Dam failure, involving most of the embankments downstream face.  Maximum crest movement was 26 feet.  

1928 - Board of Geologists for the Martinez-Benicia Bridge. 
During the design of the ‘Suisun Bay Bridge’ across the Carquinez Straits between Benicia and Martinez in 1928, the Southern Pacific Railroad  retained a board of consulting geologists the advise them on the locating the bridge’s alignment across the head of the Carquinez Straits.

The railroad hired geology Professor Andrew C. Lawson and his assistant Louis N. Waterfall of U.C. Berkeley, Stanford geology Professor Bailey Willis,  Joseph A. Taff, retired USGS geologist, then working for Associated Oil Co., and Dr. G. D. Hanna, paleontologist with the Associated Oil Co.  
Lawson appraised the railroad of the Southampton and Martinez faults, which crossed both of the railroad’s proposed bridge alignments.   Prior to construction of the Suisun Bay Bridge, the SP ran trains across a ferry due west-east, between Carquinez Point (a pier in Benicia) and Port Costa, a distance of just under a mile, but which crossed the Southampton fault (this line had been constructed in 1879). The railroad decided to move their bridge two miles upstream, between Army Point east of Benicia and Suisun Point, east of Martinez.  The Martinez fault projected beneath the north end of this new alignment, but was perceived to pose much less risk (only 200 to 300 ft of offset) than the larger Southampton fault. In addition, the geologist could find no evidence that the Martinez fault extended north of Army Point. The decision process is described in: C.R. Harding, “Location and Design of Southern Pacific Company’s Suisun Bay Bridge as affected by Consideration of Earthquakes,” Bulletin Seismological Society of America v. 19:3, September 1929. Originally named the Suisun Bay Bridge, its name was later changed to the Martinez-Benicia Bridge shortly after its completion in 1930.    

1928 - First pseudostatic seismic loads applied to a bridge. When the Benicia-Martinez Bridge was designed, the Southern Pacific Railroad’s principal engineers associated with the project were Carroll R. Harding, Assistant to the President, and Walter H. Kirkbride, Engineer of Maintenance & Way (who became SP’s Chief Engineer in 1932 and went onto serve as President of the Seismological Society of America in 1944).  Southern Pacific hired renowned bridge engineer Ralph Modjeski of Chicago to oversee the design of the bridge. Modjeski decided to employ simple trusses, using seven Warren through truss spans of 531 ft length in the main channel, one vertical lift span 328 ft wide over the navigation channel (able to provide 135 ft of clearance), and multiple Pratt deck truss spans for the approach sections.  The overall length of the bridge was 5,603 ft, accommodating two parallel tracks on 13 ft centers, with a deck width of 30 ft.  The rails were situated 70 ft above the water for 4,050 ft of the span. All of the bridge’s supports extended to the underlying bedrock, up to 80 ft deep. These caissons were designed and built by Daniel Moran of Moran & Proctor of New York, who also built the foundation for the San Francisco-Oakland Bay Bridge, a few years later.  
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Based on their discussions with the geologists described above, the bridge was designed to resist earthquake vibrations, by employing a “lateral acceleration of 5 ft per second,” or 0.16g.  This lateral load was believed to be twice the intensity of the 1906 San Francisco earthquake, and 1.5 times that recorded in the 1923 Tokyo earthquake (described in W.H. Kirkbride, “The Martinez-Benicia Bridge,” in the 1934 ASCE Transactions (v.99:154-181). The bridge was constructed between April 1929 and October 1930. It was the last simple truss railroad bridge built in the United States at a new location. 

1930-37 – Broadway Low Level [Caldecott] Tunnels 
Geotechnical studies.  Engineering geologic study of the proposed Broadway Highway [Caldecott] Tunnel through the Berkeley Hills by Berkeley Professor George Louderback, dated July 7, 1930 (first report; another more comprehensive report followed, but is undated).  This was the first engineering geologic study that included the use of stereopair aerial photographs to make measurements.  Aerial photos were flown in 1928 for George S. Young (RCE 451). 
Landmark Construction Claim case. The two original tunnels are 3,610 feet long and were constructed between 1934-37.  The original contract went to Six Companies, Inc. who just completing Hoover Dam, led by Steve Bechtel (the first big project he championed by himself, at age 34).  Their wining bid of $3.97 million bid was more than $1 million beneath the next lowest bidder. Once onto the job Six Companies encountered what they considered to be changed conditions, excavating much softer rock with infiltrating water which required unexpected shoring, lining, and pumping.  The job cascaded into greater and greater losses, eventually running more than $4 million over budget. Unable to negotiate a reasonable settlement, Six Companies walked of the job and the joint highway district sued them.  The court ruled that Six Companies had the financial resources to complete the unprofitable job while pursuing their claims in accordance with the terms of their contract; and that since the completion was not “impossible” they had breached the contract by stopping work.  In its opinion (cited thousands of times thereafter) the court ruled that the contractor had the financial resources to finish the job, so their claim that it was “physically impossible,” was not proven.  The court also stated that the contractual laws of California required the contractor to finish whatever job they began, or suffer the consequences thereof.  Steve Bechtel stayed away from tunnel jobs the balance of his career, although Bechtel did all the design and CM work on the BART Berkeley Hills Twin Tunnels in the mid-1960s.    
Completion by Pollack. The job was eventually completed by George Pollack Construction of Sacramento, who even managed to make a healthy profit on the job. The twin tunnels opened on December 10, 1937, 13 months after completion of the Bay Bridge.    
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Cut slope failures.  The cut slopes for the approaches to the west side of the Caldecott Tunnels were originally excavated at inclinations of 1:1 (45o) in 1934, moistly within the  Sobrante sandstone.  By 1941 all of these cuts had failed miserably, pointing to need for better predictions of rock slope stability than had previously been assumed (described in Hyde Forbes, 1947, Landslide Investigation and Correction: ASCE Transactions, v. 112, pp. 377-442). 

1928-29 – SPRR Benicia Railway Bridge - Moran & Proctor of New York City were retained as consultants to the Southern Pacific Railroad on their proposed Suisun Bay (Benicia) Railway Bridge, at 5,600 feet long, the largest continuous truss span in the USA and the first bridge in the world specifically designed for seismic loading, because Berkeley Professor Andrew Lawson identified the Southampton fault a short distance downstream.  Moran & Proctor recommended employment of open caisson method of excavating the bridges 11 main piers, to depths as much as -135 feet, an unprecedented feat at the time. They created “sand islands” using 81 ft diameter sheetpile cofferdams around the deepest caissons, then filling these with sand to the low tide elevation. Once these artificial “islands” were in place, steel forms for the finished and concrete was placed inside the forms, gradually sinking downward.  Open wooden cofferdams were used within the islands to provide freeboard above the highest likely water level, to facilitate working the caisson downward.   
1924-31  Early Corrective Work on Landslides.  First of great deep rotational slump landslides occurs on the bluffs of San Francisco, between the zoo and Daly City during the winter of  1923-24, adjacent to the golf course operated by The Olympic Club.  The Club engages City Engineer M. M. O’Shaughnessy to undertake a program of stabilization and correction.  O’Shaughnessy employed a line of battered piles connected to one another at the base of the sea cliffs to serve as a bulkhead wall (see ENR Aug 27, 1931, p. 347).  

 
These slides along the coastal bluffs are developed within the Pleistocene Merced formation, which is young and relatively weak., It also contains occasional beds of silt, clay and altered volcanic ash, all less than 1.2 Ma.  CA Route 1 (Skyline Blvd) runs along the crest of the troubled bluffs, since the early 1920s.  At John Daly Blvd. the coast highway used to run along the bluffs on the old Ocean Shore Railway right-of-way, between 1937-57, when massive landslides triggered by the March 1957 M 5.3 Lake Merced earthquake permanently closed John Daly Blvd west of Skyline, and a new route was graded over the hills and on into Pacifica, then under development. 
 
There exist 150 years of rainfall data collected at San Francisco’s Fleischaker Zoo, dating back to 1849.  State, City and Olympic Club recorded landslippage along  coastal bluffs four times in the 20th Century: 1924, 1941, 1983, and 1998.  When the rainfall data is critically evaluated it suggests that those dates corresponded with the four peaks in the 48-month running average for rainfall.  This suggests that it takes about four years for the elevated precipitation to percolate through the P, S, and R members (Hall, 1966) of the Merced Fm and elevate pore pressures sufficiently to trigger movements, as sketched below. 
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1929-37 - Advisory Board of Consulting Engineers for the Golden Gate Bridge 
 
On May 23, 1923 the state legislature passed an act creating the Golden Gate Bridge and Highway District (GGBHD).  Joseph B. Strauss of Strauss Engineering Co. was appointed Chief Engineer of the GGBHD on August 15, 1929. On October 7, 1929 the GGBHD established an Advisory Board of Consultants, composed of suspension bridge engineers Leon Moisseiff and O.H. Ammann of New York, and U.C. Berkeley Dean of Engineering Charles Derleth, Jr. Strauss appointed U.C. Berkeley Professor Andrew C. Lawson as Consulting Geologist. USC Professor Allan E. Sedgwick was subsequently appointed in 1931 as an Associate Consulting Geologist. The Traffic Engineer was Sydney W. Taylor, Jr. of Berkeley, and the Consulting Architect was Irving F. Morrow.  Former University of Illinois Professor (1914-21) Charles A. Ellis, Vice President of the Strauss Engineering Co. and the principal designing engineer, was an original member of the advisory board, until he was fired by Strauss in late 1931. 

The original set of plans and specs for the bridge were approved by the Golden Gate Bridge & Highway District on Aug 28, 1930 and a $35 million bond issue was approved by voters on Nov 4, 1930.  Construction of the bridge was delayed until January 5, 1933 because of financing problems associated with the Great Depression. The bridge to five year to construct.  It’s completion was celebrated during the week of May 27, 1937, about six months after the San Francisco-Oakland Bay Bridge.  The Golden Gate Bridge’s main span of 4,200 ft and tower height of 746 ft were both world records that stood until completion of the Verrazano Narrows Bridge in Nov 1964. The Golden Gate Bridge has a total length of 8,981 ft. The bridge’s main span now ranks 9th longest in the world.   

San Francisco-Oakland Bay Bridge Project

1927 Ridgway Report on the feasibility of a San Francisco-Oakland Bay Bridge - Overwhelmed by the conflicting forces promoting various schemes and proposed routes for a trans-East Bay bridge and by the obdurate position of the War Department, San Francisco leaders decided to fund an independent study, of sufficient credibility to convince the War Department that a bridge could be built without impeding navigation in the San Francisco Bay. 
In early 1927 the city provided $40,000 for such a study and selected a three-man panel of engineers, comprised of: Robert Ridgway, Chief Engineer of the New York Transit Commission, Professor Arthur N. Talbot (BSCE 1881 Illinois) of the University of Illinois, and John D. Galloway (BSCE 1889 Rose Polytechnic Inst.), of San Francisco. Ridgway had recently served as President of the American Society of Civil Engineers in 1925. Talbot had just retired  from the University of Illinois, who had championed the practical uses of reinforced concrete. Galloway was born in San Jose and had operated several successive engineering firms in San Francisco since 1900. None of the men had been involved in any of the private franchise applications up to that time. 

Ridgway, Talbot, and Galloway released their findings in a detailed report dated May 5, 1927.  Known as the “Ridgway Report” in the media, it included detailed traffic studies as well as structural mechanics and engineering aspects of such a long bridge, slated to be the world’s longest, by a significant margin. The team addressed the bridge types, suitable alignments, and likely mix of traffic (cars, trucks, trains). It’s only weaknesses were in evaluating the geologic conditions beneath the Bay and suggesting a means to fund construction.  The Ridgway board selected an alignment that differed from those previously proposed, although the eastern half of their Alignment 3 was the route ultimately selected.


In June 1927 San Francisco made another application to the War Department for a permit to construct a Bay Bridge, based upon the recommendations of the Ridgway Report. In October 1927 the War Department once again rejected San Francisco’s application.  

1929-30  Report of the Hoover-Young Commission - 
Driven by the development of automobiles, between 1916-1930 more than 16 feasibility studies were undertaken examining a Trans-San Francisco Bay Bridge, between Oakland and San Francisco The problem was where to put the bridge and how to pay for it.  Proposals for privately-funded toll bridges were solicited in 1921 and 1926, but these were unable to raise the necessary capital. From 1926 onward, the emphasis shifted to public construction of a San Francisco-Oakland Bay Bridge. 

A joint state-federal commission was appointed by California Governor C.C. Young and President Herbert Hoover in August 1929, known as the Hoover-Young Commission. The members included: retired RADM Luther E. Gregory, USN, BGEN George B. Pillsbury, USA, LTC Edmund L. Daley, USA, representing the Army and Navy.  George T. Cameron, editor of the San Francisco Chronicle, and State Senator Arthur H. Breed representing San Francisco and the East Bay, respectively. Civil engineering Professor Charles D. Marx, PE of Stanford University and railroad and mining engineer Mark L. Requa were both appointed by Hoover as at-large delegates.  Both were close associates of Hoover, dating back to his days as an undergraduate at Stanford. The most important member was probably the commission’s secretary, Charles H. Purcell, PE (BSCE 1908 Nebraska), the recently appointed State Highway Engineer for California. 

The commission met in early October 1929 and tasked the State Department of Public Works/Division of Highways to make detailed engineering, economic, and traffic studies of a trans-bay bridge between Oakland and San Francisco. These studies were managed by Purcell and Charles E. Andrew, Bridge Engineer for the Division of Highways.  The first order of business was the sinking of exploratory borings along the five proposed routes by Duncanson-Harrelson, a respected construction firm based in South San Francisco. The alignments probed were basically those suggested in the 1927 Ridgway Report, described above) to ascertain the depth to bedrock or suitable foundation materials.  The borings revealed a relatively shallow “ridge” of bedrock between Yerba Buena (Goat) Island and Rincon Hill of just 164 ft, far shallower than any of the pother proposed alignments. East of Yerba Buena the bedrock surface fell off dramatically, only one boring penetrating that interface, at a depth of -323 ft just 1,400 ft east of Yerba Buena.  The path due east to the existing Key Mole could support heavy bridge elements founded on deep pile groups, extending into the sandy clays of the San Antonio Formation.  

After all of the requested reports were completed, the commission re-convened in late July and early August of 1930, issuing their findings in a report dated August 12, 1930. The commission played a pivotal role in deciding where the Bay Bridge would be located, its basic geometry with regards to acceptable vertical and horizontal clearances, and how it could be funded. They were aided in this final regard by the establishment of the California Toll Bridge Authority, or CTBA, in 1929.  The commission’s conclusions were accepted and, in 1931, the State retained a board of engineering consultants (described below) to review the foundation design and structural engineering details. Under the guidance and leadership of Purcell, Andrew, and Engineer of Design Glenn B. Woodruff (hired in 1931), bridge construction commenced on July 9, 1933 and the project was completed in less than 3-1/2 years, on November 12, 1936. 

1931 – Creation of Board of Consultants.  In October 1931 a Board of Consultants was named to oversee the technical aspects of the State of California designing a San Francisco Oakland-Bay Bridge.  This board was comprised of: Ralph Modjeski, a representative from Moran & Proctor (initially Dan Moran, and later, by Carlton Proctor), Leon S. Moisseiff, Charles Derleth, and H.J. Brunnier.  This board determined that additional borings should be advanced along the proposed alignment and these were completed in 1932.   
1931-36 - Consulting Board of Engineers for the San Francisco-Oakland Bay Bridge 

In December 1930 State Public Works Director Earl Lee Kelly announced that the California Toll Bridge Authority to appoint a consulting Board of Engineers for the proposed San Francisco-Oakland Bay Bridge project, and indicating that Ralph Modjeski would be the chairman and that Dan Moran would be the principal consultant on foundations. Funding problems precluded the consulting engineers from coming under contact until August 1931.  This board was chaired by Ralph Modjeski of Modjeski & Masters in Chicago and New York (who actually grew up in southern California), would supervise the bridge’s design; foundation engineers Daniel Moran and Carlton Proctor of Moran & Proctor in New York, would be responsible for the design and construction of the bridge’s foundations; suspension bridge engineer Leon Moisseiff of New York; U.C. Berkeley Dean of Engineering Charles Derleth, Jr.; and San Francisco structural engineer H. J. Brunnier.  Berkeley geology Professor Andrew C. Lawson served as the project’s consulting geologist.  There was also a board of consulting architects, comprised of Arthur Brown, Jr., John J. Donovan, and Timothy L. Pflueger. 

Throughout 1932 Modjeski, Moran, Proctor, and Moisseiff and members of their staffs convened informal meetings in New York, calling themselves the “New York Members of the Consulting Board.”  This was helpful as the most vexing problems of that first year revolved around the design of the bridges foundations, and whether these could all be taken down to bedrock.  The final design called for two different bridges with an aggregate length of 4.5 miles, not counting the approaches.  

CE Professor Raymond E. Davis at U.C. Berkeley tested samples of the foundation materials for the board, when they were debating the possibility of using floating caissons on the East Span, which they eventually did.  Davis also supervised numerous tests of the bridges riveted steel structural shapes in the Engineering Materials Laboratory at Berkeley. The bridge specifications were basically completed by the late fall of 1932, and the federal Reconstruction Finance Corporation agreed to purchase up to $61.4 million in bonds for the bridge construction on Dec. 15, 1932. Actual construction began on July 9, 1933 and the bridge opened to traffic in November 1936.      

1931-32 Site Exploration.  Carlton Proctor developed the 3.625-inch diameter Moran & Proctor, or M & P Sampler, for the firm’s exploration of the San Francisco Bay Bridge project (summarized in Proctor, 1936).  The M & P sampler allowed recovery of a much larger 3-inch diameter samples, using 5000 in-lbs. per blow.  This became standard soil sampler in the New York City area thereafter, but found itself in competition with the much smaller, 2.0-inch Raymond Sampler, which became known as the SPT test after 1947. 
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1934-35 – Sand Drains for the Bay Bridge Approach Fill.   An enormous fill mole was dredged from Merritt Sands in the East Bay stretching out two miles into the San Francisco Bay.  This scheme was investigated in 1933, which called for hydraulically-placed sand fill to be placed over silty clay, lying over compressible Bay Muds.  Daniel Moran suggested that the State consider placement of vertical sand drains to stabilize the surcharged clays, and the State placed O. J. “Pappy” Porter in charge of this project.  Porter oversaw the construction of a test fill section in 1934, and this procedure was subsequently employed, becoming the first use of wick drains beneath a highway alignment.  Porter’s work included first use of soil consolidation tests in the SF Bay Area, using 4-3/4” x 9“samples in odometer tests.  Porter summarized these developments in invited Paper L-1 for the First Int’l Conference on Soil Mechanics & Fdn Eng’g (ICSMFE) at Cambridge, MA in June 1936. 
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Pappy Porter’s sand drains for the eastern approaches of the San Francisco-Oakland Bay Bridge in the mid 1930s demonstrated the wisdom and utility of employing wick drains when surcharging soft, compressible clay. This figure is from one of Porter’s article for the First International Conference on Soil Mechanics and Foundation Engineering at Cambridge, MA in May 1936.  
Porter left the Division of Highways early in 1942 to start his own consultancy, O.J. Porter & Co., based in Sacramento, which did a great deal of pioneering work for the Army and the Navy on airfields and pavement design during the Second World War. That firm morphed into many others, with offices across the United States until Porter’s death in late 1967. The Porter firms specialized in highways, bridges, dewatering schemes, and applications of wick drains (one of their most famous projects being the railroad relocation around O’Hare Airport).  
1934-35  Moran Caissons for the Bay Bridge - Carlton Proctor of Moran & Proctor Foundation Engineers in New York designed and constructed the world’s first open-dredged caissons, in 120 feet of water, for the Bay Bridge between Yerba Buena Island and San Francisco. These water depths were about 50% deeper than any constructed previously, world-wide.  They developed what came to be known as the “Moran Caisson,” a cellular caisson consisting of a series of steel cylinders that was initially sunk into the bay sediments in the proper position.  During excavation, only a few of cell covers were removed at any given time, while soil within these cells was excavated.  The caisson unit was carefully “managed” using compressed air and staged excavation to advance downward and avoid tipping or buoyancy problems. This technique was subsequently emulated on dozens of deep caissons thereafter, world wide.  They had one near-catastrophe with placement of one of these massive multi-celled caissons, which gradually tipped over because of local bearing failure on one side.  It was recovered by closing off the caps on the cells, pumping in compressed air, and re-floating, repairing, and leveling of the sea floor before attempting a second placement (summarized in ENR articles by Purcell, et al., at the time). 
The San Francisco Oakland Bay Bridge would eventually cost $77 million and opened in November 1936, about seven months before the Golden Gate Bridge (May 27, 1937).    
1947 Bearing Failure in Toll Plaza.  When the State placed additional fill to enlarge the toll plaza in 1947, they do so without the elaborate array of sand drains, believing that the Bay Mud had consolidated sufficiently to support the additional surcharging along the north side of the mole.  A large bearing failure ensued a short while later, creating some impressive mud waves that rose up out of the bay, and head scarps up to 9 feet high encroached the new westbound lanes!  These failures are profiled in the article by Trask and Ralston’s 1951 article titled Engineering geology of the San Francisco Bay, CA, which appeared in the GSA Bulletin.  The toll plaza suffered similar ground movement problems in the same area during the Oct 1989 Loma Prieta earthquake.         

1934  Managing Groundwater Basins.  Declining aquifers and differential settlement trigger creation of the Santa Clara Valley Water Conservation District.
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Settlement contours in the Santa Clara Valley due to groundwater withdrawal between 1915-1995.
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Relationship between drawdown of groundwater table and subsidence in Santa Clara

1934-35  Golden Gate Bridge Project.  Foundation studies for the Golden Gate Bridge crossing utilized input from a number of geologists, including Prof. Andrew Lawson of Berkeley, Bailey Willis of Stanford (who adamantly disagreed with Lawson) and USC geology Professor Alan Sedgewick. 
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1934-39 – California Coast Route 1.  The State Division of Highways let a series of construction contracts to complete a coastal highway between Carmel and Morro Bay.  George Pollack won contract for several sections then know as the Big Sur Highway, where he made a tidy profit by side-casting excavated material over the sea cliffs and allowing it to be washed away in the surf.      

1932-39    Santa Cruz-Los Gatos Highway.  This project began in 1932 and was not concluded until the summer of 1939. Its purpose was to improve and expand the original highway to 4 high speed lanes over the Santa Cruz Mountains.  The original two lane highway had been graded in 1915 and paved in 1922.  The 1932-39 project witnessed extensive use of soil borings and exploration for the many deep fills and one side hill viaduct required the construct a high speed route over the rugged mountain slopes.  More than 30,000 cubic yards of “unsuitable” fill material was waste dumped away from the right-of-way, an unprecedented act by the Division of Highways up until that time.  In one section 6-1/2 miles long between Inspiration Point and Los Gatos more than 2.2 million cubic yards of earth fill was required to support the new highway, at a cost of $180,000 per mile (this was during the Great Depression).  

 
The project witnessed the first employment of subdrains beneath highway embankments.  In the spring of 1935 a 45 foot deep fill along the widened highway alignment began to settle and slide downhill, after a series of intense storms. Another slide also developed just east of Inspiration Point.  Both of these slides were repaired by the State Division of Highways by using a system of deep subdrains, using rock-filled trenches, shown below left. In exceptional cases, the Division of Highways began employing blanket subdrains in deep keyways, called “stabilization trenches,” often extending into dormant landslides beneath their highways (lower right).  The Bridge Department of the Office of Structures began hiring geologists just after the Second World War.     

	[image: image32.jpg]



	[image: image33.jpg]N
8" Perforated Pipe. —)}F—w
Cross Section

LonaiTupinaL STaBLIZATION TRENCH






Deep subdrain trenches filled with rock beneath one of the embankments on the new 4-lane Los Gatos-Santa Cruz Highway, as seen in 1938.
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1934-36  Coyote Dam.  Coyote Dam was built along Coyote Creek east of Morgan Hill by the Santa Clara Valley Water District using the latest rolled fill technology between 1934-36. Its reservoir stores 10,000 acre-feet of water.  It was the first earth dam specifically designed to survive tectonic offset, built across the active 1000-ft wide trace of the Calaveras fault.  It survived several nearby earthquakes along the Calaveras fault in the Aug 1979 M 5.9 Coyote Lake and April 1984 M 6.2 Morgan Hill earthquakes. 
1935-38 Treasure Island project   
1935 - Soils Reports -Some of the first soil mechanics studies undertaken by private consultants.  Charles H. Lee (RCE 326) prepared a “Report of Subaqueous Material Underlying and Adjacent to Proposed Dredger-Fill Northwest of Yerba Buena Island”, dated July 18, 1935, for Director of the San Francisco Bay Exposition. This was accompanied by an appendix from Lee’s Pacific Hydraulics Laboratory on soil samples recovered from 120 test borings, up to 60 feet deep, which recovered 100 samples.  16 of these samples were used for consolidation testing.  Lee made some remarkable predictions about long-term settlements and correctly identified the late Pleistocene channel of Temsecal Creek, cutting across the northeastern corner of the proposed man-made-island.  Lee noted that this old channel lined up with that discovered in borings for the Berkeley Water Front Co., a few years earlier (all of these old channels were subsequently identified in CDMG’s landmark report on the San Francisco Bay Mud (Goldman, 1969).  
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Aerial oblique view of Treasure Island just as structures were beginning to be constructed, in 1938.  The two large buildings at far left were slated to become hangars for the City’s new municipal airport, after the World’s Fair in 1939-40.  These plans were interrupted by the outbreak of the Second World War.    
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Treasure Island during the Golden Gate International Exposition in 1939-40.

1936-37  Hydraulic filling. Treasure Island is a man-made island constructed of 21 million cubic yards of dredged hydraulic fill, mostly Merritt Sand.  29 million yards were dredged between February 1936 and August 1937, with ~8 million yards lost to wind, settlement, and erosion. The island was constructed under direction of the Army Corps of Engineers and was built to a finished level of 13 feet above mean sea level, using a series of rock dikes, stacked one upon another, with a finished side slope of 1:1 (45 degrees).  The created island is roughly rectangular, 5,500 ft long and about 3,400 ft wide, with a land area of 397 acres.  It was intended to become San Francisco’s Municipal Airport after it was used for the Golden Gate International Exposition (World’s Fair) in 1939-40, celebrating the completion of the San Francisco-Oakland Bay and Golden Gate Bridges. 


1941  Assumption by U.S. Navy.  Treasure Island was taken over by the U.S. Navy shortly before the attack on Pearl Harbor in late 1941, because of the wartime emergency.  It became a major staging and training base, supporting among other things, the Navy’s vaunted fire fighting school.  It was gradually phased out between 1992-97 and given back to the City of San Francisco.  Treasure Island suffered moderate damage during the Oct 1989 Loma Prieta earthquake, recording PGS values >0.18g, more than three times those felt on Yerba Buena Island.  Widespread liquefaction just beginning to trigger when shaking ceased.  Nevertheless, 44 sewer, gas and water mains were ruptured and considerable ground settlement occurred, esp. in northeastern corner, where Charles Lee had predicted the most problems could be expected.  The Navy’s Facilities Engineering Command-Western Division in San Bruno invested considerable funds in examining the seismic vulnerability of the base after the 1989 quake.  This effort, along with research projects funded by the USGS, NSF, FHWA, FEMA, and the Port Authority resulted in the development of considerable geotechnical data.  
1996 – NGES Designation.  In 1996 Treasure Island became one of five test sites (of 42 nominated) in the USA through the National Geotechnical Experimentation Site (NGES) Program funded by the National Science Foundation (NSF) and the Federal Highway Administration (FHWA).   
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Grading operations during construction of Oakland’s Central Reservoir by the People’s Water Company in 1909.

1936  McKillop Road Landslides.  In 1936 a series of deep-seated translational slope failures initiated along the north side of Sausal Creek, just below (south) of MacArthur Boulevard (now I-580).  These enlarged themselves and eventually crossed McKillop Road, damaging and destroying several homes straddling the lateral and subsidiary scarps.  EBMUD’s Central Reservoir (built in 1909) is situated a short distance above the slide area.  The upstream portion of the slide pinched off Sausal Creek, necessitating corrective action, using a cast-in-place 14 ft square reinforced concrete box culvert section, about 285 ft long.  This was the first time a massive buttress fill was placed in a perennial water course to effect the repair of a substantive landslide.  

 
A much larger parent landslide gradually crept southward, towards Sausal Creek.  This movement extended about 550 ft downstream of the box culvert and the City determined that the cost of purchasing all the properties along either side of the creek over such a long reach was not economic, in comparison to the few homes that would be saved by such work, which were easily removed by house movers.  

 
The McKillop Slide continued moving throughout the 1940s, dropping as much as 20 feet locally.  Over the next 25 years the McKillop Road Landslide became one of the most studied slides in the Bay Area (Buckingham, 1947, op cit; E.M. Buckingham, 1962, Investigation and Correction of Landsides; ASTM STP 322, pp. 159-165).  The maximum depth of sliding was over 65 feet and the basal zone of translation was rather diffuse: 10 feet thick and extending 10 to 12 feet below the bed of Sausal Creek, frustrating efforts to take any corrective action, other than installing dewatering wells and a half dozen horizontal drains.  Engineers also discovered that the slide defied conventional analysis, insofar that the shear strength must have dropped progressively, with increasing movement.  Exploratory borings also revealed a series of ancient creek channels beneath the active slide, likely deposited by proto channels of Sausal Creek, which had been buried by previous slides. These pervious channel gravels served to elevate pore water pressures in the active slide.  
 
Today we have a much better understanding of the issues involved with the McKillop Slide, which likely revolve around strain softening of montmorillonite-rich clays within the troublesome Temescal formation, that often infills late Pleistocene stream channels in and around Oakland.  Long term seepage from the adjacent Central Reservoir also likely played some role in elevating pore pressures in the old gravel channels (although this connection was never explored).  The upper portion of the old slide area experienced a partial reactivation in 2006, destroying one home on McKillop Road.  
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The uppermost portion of the 1936 McKillop Road Landslide was repaired by placing the channel in a concrete culvert and infilling the channel, as sketched here.  The City of Oakland was unable to repair the much larger parent slide in this manner because more homes would have to have been condemned and removed to accommodate the buttress than would have been saved by it.   
1935-37 First use of biotechnical slope protection.  A series of experimental projects were undertaken in the Berkeley-Oakland Hills in the late 1930s, under the direction of C.J. Krabel, of the USFS Research Station in Albany.  Most of this work was along the fill slopes beneath the newly graded Grizzly Peak and Skyline Boulevards. They employed willow wattles 
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Fill slope below newly constructed Grizzly Peak Boulevard atop the Berkeley-Oakland Hills, as viewed in early 1935.   These slopes suffered extensive erosion damage during storms in 1936-37.  
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Same slope after placement of willow wattles in 1937, and viewed again, in 1940, two and a half years later.  The wattles succeeded in arresting most of the surficial raveling and erosion.  It would be another 50 years before biotechnical technique would be re-visited again in the Bay Area.  
1940 – Devil’s Slide on California Highway.  Originally constructed in 1906 as right-of-way for the old Ocean Shore Railroad, along the coast between San Francisco and Davenport, in Santa Cruz County.  The railroad went bankrupt in the 1920s, in part due to high cost of right-of-way upkeep, because of frequent landslides.  The State of California assumed the right-of-way in the 1930s and constructed State Route 1 (then known as Route 56) between Daly City and Half Moon Bay between 1935-37.  The first major closure occurred in 1940.  The entire alignment between John Daly Boulevard in Daly City and Pacifica (along high sea cliffs) was abandoned by the State after the March 1957 M5.3 Lake Merced earthquake.  
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Over the interim since, the Devil’s Slide area has experienced repeated slippage and highway closures, including substantial closures in 1980, 1983, 7 months in 1995, and again, between April-September 2005. A bypass was first suggested in 1958, following the 1957 quake.  The 4,200 ft long Devil’s Slide Twin (single lane) Tunnels and 1,000 ft long Shamrock Highway bridges were eventually approved and construction began in 2005, slated to be completed in 2010.         
1937-38  Bay Farm Island filling begins.  In 1937-38 a series of old 4-stack World War I era destroyers were deliberately sunk around bay Farm Island to serve as temporary breakwaters to contain hydraulic dredge spoils, to enable enlargement of that natural island, which supported Oakland Municipal Airport and a Naval Air Reserve Facility.   Filling of Bay Farm Island continued sporadically, into the 1960s.  The island was eventually developed in the 1970s, 80s and 90s.  

1939-41  Alameda Naval Air Station Fill.  The War Department purchased 1,000 acres of the bay shallows west of Alameda from the City of Alameda in 1936 for one dollar.  The Alameda Naval Air Station was constructed by Federal contract on bay fill placed over a square miles area west of Webster Street, on the eve of the Second World War.  This was mostly hydraulic fill built south of the old Southern Pacific narrow gage wharf, which had been used by Pan American Airlines for their western terminal between 1935-39, prior to their moving to Treasure Island.  They had utilized several different lines of sunken ships as breakwaters, which were enfolded into the Navy’s fill prism. All of the heavy structures constructed on the air station were founded on deep precast concrete piles, while the shipping wharves were founded on wood piles.  The station officially opened in 1940.  The fill was eventually expanded to 2,675 acres to allow several runway extensions after the war and served as a principal staging base for aircraft carrier battle groups through 1993.  The Naval Air Station and Naval Air Rework Facility (NARF) was selected for closure in 1993 and turned over to the City of Alameda in 1997 and will be developed under the name Alameda Pointe.       

1939  First Use of Hydrauger subdrains.  In 1939 The California Division of Highways began using horizontal drains to mitigation landslide problems along their highways in California (A.W. Root, 1953, California Experience in Correction of Landslides and Slipouts; ASCE Proceedings, v. 79, Separate 235, 18 p.). In 1940 the Ransome Construction Company of San Leandro began using horizontal drains to drain groundwater from troubled slopes in Oakland.  These came to be known as “hydraugers” and their use was described in a discussion by Earl Buckingham  (Landslide Investigation and Correction: ASCE Transactions, v. 112 [1947], pp. 377-442).  These were employed as underdrains by Ransome during the Second World War using hand-pinched 4-in and 2-in diameter aluminum casings for repair of the McKillop Slide, Simmons Street Slide, Barrows-Holman Slide, all in Oakland, where Mr. Buckingham was employed by the City.    
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1941-42 Oakland Outer Harbor Fill.  Between January 1941 and June 1942 Seven million cubic yards of fill placed in Oakland’s Outer Harbor out to the limits of the old Great Wharf to create the first phase of the Oakland Outer Harbor, which came to include the Oakland Army Base, Oakland Naval Supply Center, the Western Pacific and Southern Pacific rail ferry quays, and additional wharves for the port.  Trucks carried fill to the outer harbor day and night, around the clock for 1.5 years.  Warehouses, rail lines, storage tanks and other structures were all founded on precast concrete and/or timber piles. Rock fill material needed for the perimeter levees came from either the Maaco Brothers Quarry near Hws 24 and 13 (now known as the Hiller Highlands development) or from the Leona Quarry, near Highways 13 and MacArthur Boulevard.  Most of the interior land fill was dredged Merritt Sand, taken from the bay.  The Corps of Engineers took over jurisdiction after the Pearl Harbor attack in December 1941, creating the Oakland Port of Embarkation of the Port of San Francisco.    
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Aerial oblique view of the fills being placed for Alameda Naval Air Station (right) and beginning of the Oakland Outer Harbor (left), as viewed in early 1939.
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Map overlay showing the progressive infilling of the Bay along the Oakland-Alameda waterfront between 1860 and present. 
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The navigation channels in the East Bay require periodic dredging, as pictured here.   

1942  Mt. Davidson Slide in San Francisco.  After a series of prolonged storms, on Feb 6, 1942 an enormous landslide was triggered in a new fill that had recently been placed for a development on the eastern slope of Mt. Davidson in San Francisco.  More than 50,000 cubic yards of material was involved, which impacted 600 lineal feet of Foester Street, causing one death and destroying ten houses.  It was a harbinger of things to come in future years as more and more development crept into the hills of the S.F. Peninsula (source ENR, Feb 19, 1942, p. 11).   

1947  Establishment of Alameda County Flood Control and Water Conservation District.  Major issues are flood control in developed areas and management of declining groundwater resources.  Active management of the Niles Cone Aquifer is initiated.  

1948-49  Southern Crossing Studies.  Southern Crossing studies by the State Bay Toll Commission, performed extensive subsurface explorations of various alternatives for a second crossing between Oakland and San Francisco, to augment the over-taxed SF Bay Bridge.  Southern Crossing alternative favored, which crossed the Bay between south China Basin and Alameda.  In the end the Bay Toll Commission decided to double-deck the existing SF Oakland Bay Bridge, and remove the commuter rail lines.  
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1950 – Orinda Landslide -On December 9, 1950 a large landslide blocked State Highway 24 about ½ mile west of Orinda Crossroads, after 10” of rain in preceding 6 days.  This was reactivation of an unrecognized dormant slide, whose toe had been undercut when the new four-lane highway was constructed in 1935-36, between Orinda Crossroads and the new Caldecott Tunnels. Highway 24 was completely closed for 9 days, until a temporary shoefly could be constructed around the toe of the slide, and the highway alignment was re-established after the State Division of Highways repaired the slide during the summer of 1951, using earthwork and 12,000 lineal feet of hydrauger drains (E.W. Herlinger and G. Stafford, 1952, Orinda Slide: CA Hwys & Pub Works, Jan-Feb), more than had ever been employed on any single site previously. The slide became one of the most photographed landslides in the United States, appearing in dozens of textbooks.    

1950-52 San Francisco’s Broadway Tunnel.  Hyde Forbes served as the principal geologic consultant to the City.  The Broadway Tunnel began construction on May 1, 1950 and officially opened on December 21, 1952. It was built by the Morrison-Knudsen Construction Co. The twin bores extend from Powell to Larkin Streets and the tunnel measures 1,616 feet from portal to portal, and is 11 feet wide. 

1951-52 – EBMUD San Pablo Tunnel excavated through the northern end of the Berkeley Hills between San Pablo Reservoir and EBMUD’s new San Pablo Water Treatment Plant. 

December 1955-Jan 1956 Flooding in Northern California.  
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Flooding of Jones Tract in San Joaquin Delta during storms of Christmas 1955. 

1955-57  Richmond San Rafael Bridge.  

1956-58  The Carquinez “Big Cut”.  Between March 1956 and June 1958 the State Division of Highways oversaw the excavation of the 350 foot deep Carquinez Cut on the southern approach to the Twin Bridges across the Carquinez Straits between Crockett and Vallejo, for US Hwy 40 then being enlarged to accommodate Interstate 80. This was the largest single cut ever undertaken up until that time, involving the removal of over 9 million cubic yards of material, mostly of the Panoche Formation of the Great valley Sequence, of Cretaceous age.  The cut was about 3000 feet long and 1370 feet wide at its crest.  Concerned about global and local slope stability, State engineers Travis Smith and Harry Cedergren supervised construction of a three-dimensional geologic model (also a state first) which included the projected traces of the Franklin thrust and Mare Island faults, as well as the strike and dip of the Panoche beds.  
About two-thirds of the way into the project Cedergren noticed that groundwater levels were remaining perched in the Panoch beds, without draining via gravity flow as had been expected.  This caused a number of shallow surficial slides in the freshly exposed cut slopes, triggering a major slope failure at the north end, nearest Crockett.  In February 1958 the north side of the cut began failing en-mass, requiring the unanticipated removal of several houses outside the purchased right-of-way as well as approximately 125,000 cubic yards of slide debris.  A series of horizontal drains (34 on the southeast side and 23 on the northwest side) were installed on several different levels above the finished floor of the cut) to tap the perched water tables (described in Smith and Cedergren, 1962, Cut Slope Design and Landslides; ASTM STP 322).       
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1957
Monticello Dam. Monticello Dam is a medium thickness doubly-curved thin arch dam designed by the Bureau of Reclamation along Putah Creek, on the Yolo-Solano County line, about 12 miles north of Vacaville.  The dam is 304 ft high, 100 thick at base and 12 ft thick at crest and impounds Lake Berryessa.  It was the first doubly-curved arch dam constructed in the United States and sports the largest glory hole spillway in the USA.   
1957-75  BART System 
1957  Rapid Transit District established.   In June 1957 the Bay Area Rapid Transit District was formed.  Engineering studies were carried out between 1957-1961 to evaluate feasibility.  In September 1961 BARTD released preliminary plans for a 123-mile long system, serving five Bay Area counties, which included tracks on lower level of the Golden Gate Bridge serving Marin County. In November 1962 voters in san Francisco, Alameda and Contra Costa Counties approve by aggregate 61% to fund a new 75-mile long rapid transit system,$935 million (of which, $133 million was to come from the Bay Bridge tolls).  Marin and San Mateo Counties opted out of the project, voting it down.  This was the first “billion dollar” mass transit system in US history, and brought many heavy construction companies to the San Francisco Bay Area.  


The joint venture formed by Parsons-Brickerhoff, Quade and Douglas, Bechtel Corporation, and Tudor Engineering (PBTB) served as BART’s general engineering consultants for the feasibility studies performed between 1957-62, the design work performed between 1963-70, and construction management activities, between 1964-75.  The original PBTB design team consisted of about 300 engineers, which swelled to nearly 8,000 engineers and technicians during construction.   The BART system was designed to “entirely resist” the forces of a “maximum event” earthquake.  
1962-73 - Adhoc Board of Consultants to Parsons-Brickerhoff-Tudor-Bechtel for BART. This adhoc board was formulated by the design-build team of Parsons-Brickerhoff/Tudor/Bechtel, to advise them on technical issues during the design and construction of the Bay Area Rapid Transit District’s initial development, from 1962-73. It consisted of: Ralph Peck (geotechnical expert, Professor at Univ of Illinois), Al Matthews (President of A.A. Matthews Construction Eng’g, Rockville, MD), Arthur P. Chase, (structural engineer, VP of Matthews Const Eng’g), J. Donovan Jacobs (of Jacobs Associates in San Francisco, an expert in tunneling), and Wallace L. Chadwick (Los Angeles, retired chief engineer of Southern California Edison, expert in heavy construction).  The BART project was the first time Terzaghi and Peck’s flexible tunnel lining design premise, formulated from the Chicago Subway measurements in 1940-42, was actually put into practice. The board recommended the use of Soldier Pile Tremie Concrete (SPTC) bulkhead walls for the lower Market Street stations after reviewing Ben C. Gerwick Inc’s pioneering work on the One California Street building in the mid-1960s.  The biggest challenge for the panel was the Embarcadero Station, which was not part of the original project, but was paid for separately, by the City of San Francisco.      

 
1963-66 – Geotechnical studies for the BART. A smaller (75 versus 123 mile long) rapid transit system approved by voters in San Francisco, Alameda, and Contra Costa Counties in the November 1962 elections.  This employed more geotechnical engineers than any other project in SF Bay Area history, as BART sought to “spread the work around” between various consultants.  Nobody for Berkeley or Stanford faculties served as consultants or advisors on the various boards for the this project, and BART became the model high speed rapid transit project for the United States, which was the prototype for all that followed, in places like Washington DC, Baltimore, and Atlanta.   
1963-64 Design work. Bechtel does design work for the 3-mile long Berkeley Hills twin tunnels, constructed between 1965-68.   Dames & Moore did the geotechnical work for the Transbay Tube and the Lower Market Street line, up to the Montgomery Street Station.  Bechtel did the geotechnical work for the stations above this point, including Powell, Civic Center, 16th Street and 24th Street.  

The Lower Market Street Tunnels passed through extensive depths of Young Bay Mud, up to 85 feet deep, well below the water table and sea level.  These were the first tunnels in the USA to utilize flexible circular linings, which were allowed to distort under unequal external pressures until sufficient passive pressure was mobilized to establish equilibrium.  This theorem had emanated from field observations and measurements made by Karl Terzaghi and Ralph peck during excavations for the Chicago Subway in 1939-42 (which had been designed for the full hydrostatic and soil loads).  This technique became standard practice for all soft ground tunneling after BART’s construction in the late 1960s.        


1966-74  BART Construction.  The San Francisco Bay Rapid Transit (BART) District high speed rail commuter system in San Francisco, Alameda, and Contra Costa Counties.  The PBTB design team drilled 25 borings in central SF Bay as part of the BART design studies in 1964-65.  The designers chose to employ a system of “floating” submerged steel tubes across the Bay Floor for the BART train system, keeping the alignment on soft, compressible materials, dipping as much as 135 feet beneath the bay, just west of the dredged ship channel west of Yerba Buena Island.  The use of Tunnel Boring Machines (TBMs) were used between the San Francisco Civic Center and 16th Stations, for the Mission Street Tunnels south of 16th Street, and in the Fairmont Hills Tunnels, between 1966-68.  This represented the first use of TBMs on a rapid transit project in the USA. 

1971-73 – Geotechnical studies for the BART Embarcadero Station by Dames & Moore using SPTC slurry walls, paid for by the City of San Francisco (not by BART)  

1959-62  Studies for the Third Caldecott Tunnel bore by State Division of Highways. Constructed in 1963-64;  Third Bore opened in late July 1964.  

1960-64  Stanford Linear Accelerator (SLAC).  Situated on the San Francisco Peninsula a short distance northwest of the Stanford University campus, this two mile long facility was unprecedented in scope and care that needed to be exercised in its construction.  It was a Design Build joint venture by Aetron-Blume-Atkinson.  Over 15,000 lineal feet of 5 ft deep backhoe trenches were excavated in 1960-61 to evaluate the foundation conditions.  These were supplemented by 59 28-in diameter bucket auger holes, which were overreamed to a diameter of 36 inches before being downhole logged by an engineering geologist.  This was the most expensive foundation evaluation undertaken in the SF Bay area up until 1960.          

1962  Columbus Day Storm.  The Columbus Day Storm of 1962 (also known as the Big Blow) was an extratropical wave cyclone that ranked among the most intense to strike the United States Pacific Northwest since at least 1948, likely since the January 9, 1880, "Great Gale" and snowstorm. On a larger scale, the Columbus Day Storm of 1962 is a contender for the title of most powerful extratropical cyclone recorded in the U.S. in the 20th century; and with respect to wind velocity, it is unmatched.  In the eastern United States, only hurricanes of Category 3 or higher have brought winds of the magnitude witnessed in Oregon and Washington on Columbus Day, October 12, 1962.

This remains the 24-hr “storm of record” for most of the San Francisco Bay area, since records began in San Francisco in 1849. In less than 12 hours, over 11 billion board feet (26,000,000 m³) of timber was blown down in northern California, Oregon and Washington combined; some estimates put it at 15 billion board feet (35,000,000 m³). This exceeded the annual timber harvest for Oregon and Washington at the time. This value is above any blowdown measured for East Coast storms, including hurricanes: even the often-cited New England hurricane of 1938, which toppled 2.65 billion board feet (6,000,000 m³), falls short by nearly an order of magnitude. 

Estimates put the dollar damage around $230 million to $280 million for California, Oregon and Washington combined, with nearly $200 million occurring in Oregon alone. These figures, in 1962 dollars, are comparable to land-falling hurricanes that occurred within the same time frame (say 1957 to 1961, Audrey, Donna, Carla). The dollar damage adjusted to 2002 for inflation and population/property increase suggest a $3 to $5 billion storm, if not more.

In Central and Northern California, all time record rains associated with the cold front caused major flooding and mudslides, particularly in the San Francisco Bay Area. Oakland set an all time calendar day record with 4.52 inches (11.5 cm) of rain on the 13th, as did Sacramento with 3.77 inches (9.6 cm). The storm caused considerable flooding in downtown Oakland, adjacent to Lake Merritt.
1964 – Geotechnical studies of the Briones Dam site in Orinda by Woodward-Lundgren & Associates for EBMUD. Encountered heavily indurated orange-colored colluvium, thought to be 100ka age.  Dam was arched upstream and designed for seismic loading. 
1965-67  New Hayward-San Mateo Bridge (replacing two lane structure completed in 1929). The bridge is 7 miles long and carries State Route 92, with a high rise measuring 1.9 miles long, over the Redwood City shipping Channel.  Bridge employs multiple steel girder spans. Currently, under seismic retrofitting.  The main span over the ship channel at the western end was built with six lanes, while the long eastern causeway was built with only four lanes, hoping to eventually expand to six lanes. The six lane expansion was completed between 2001-04, along with much needed improvements in its connections with Interstate 880 in Hayward.

1960s-70s – Foster City infill.  During the mid to late 1960s Dames & Moore undertook studies evaluating massive filling of the eastern margins of San Mateo County north of San Carlos and south of San Mateo which became Foster City on the S.F. Peninsula. D&M partner Carl W. Garbe managed the firm’s Redwood City branch office in the 1960s and 70s, overseeing the enormous filling of what later became Foster City, and established himself as an industry leader in the handling and placement of dredge spoils. The seismic stability of this massive landfill became a contentious issue following the February 1971 San Fernando earthquake. Similar filling of northern Bay Farm Island was carried out in the late 1970s-throiu the mid 1980s, northeast of Oakland Airport.   
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Foster City was constructed upon dredges fill placed in the 1960s and early 70s, supervised by Dames & Moore. 
1960s London Avenue-Kitchener Court Landslides.  

Influenced by proximity of the Hayward fault.  Jeff Hilliard of Woodward-Clyde directed City’s efforts throughout the early 1970s.  Ask Alan Kropp to fill in, he has my clip file on this one.    
Jan-Feb 1969    Storm induced failures.  “Pinole Hole” landslide along Interstate 80 in Pinole.  

This portion of Interstate 80 was graded in 1958-59 to convey six lanes of traffic.  Where the highway makes a low crossing of Pinole Valley, extensive deposits of overconsolidated clayey  colluvium were left in the valley floor and 20 to 45 feet of fill supporting the highway was constructed as a continuous embankment across the valley. After sustained rains in 1967-68-69, the westbound lanes of the highway disappeared in a large rotational slump landslide, developed along the north shoulder of the highway.  The slump was so deep and so localized the local media began referring to it as the “Pinole Hole” (see photo).       
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Aerial oblique view of the “Pinole Hole” slope failure along the north side of Interstate 80 in the spring of 1969.
Interstate 80 is one of the most heavily traveled freeway corridors in the United States, so Caltrans was faced with a dilemma of unprecedented proportions.  They reacted by letting an emergency contract to construct a temporary shoefly embankment on the south side  of the Interstate, and moving all six lanes of traffic onto that for the four and one half month duration of the repair.  The repair involved excavation of all the affected embankment on the north side, down through the old colluvium, and installing a series of subdrains, then replacing the embankment materials.  This work was carried out in a series of defined slot keys, so the entire backslope would not be exposed at once.         
1969.  Innovative repair of Building 46 Landslide at Lawrence Berkeley National Laboratory.  An active slide severing Building 46 and Lawrence Road and threatening the new Bevatron structure was arrested by placing large diameter caissons in the roadway through the landslide, pouring a structural deck to support Lawrence Road and then excavating about 10 vertical feet of material from beneath the road, to unload the slide.  An extensive array of hydrauger drains were also installed to dewater the slide area (see Morison Canyon Rd Slide Repair-1998).    

1969-71.  First Engineering Geologic Peer Review in the SF Bay Area - Seal Cove Landslide in San Mateo County.  Seal Cove is just south of Moss Beach and is a small community built on the marine terrace bounding the north side of Half Moon Bay.  It forms the planar surface upon which the half Moon Bay Airport was constructed. This block has been lifted about 80 ft by the Seal Cove-San Gregorio fault, which forms the dissected headlands forming the western boundary of this elevated block, along the coast. Most of the block is underlain by the Pliocene Purisima Formation, which dips northeasterly (into the slope) although wedges of granite exist along the fault zone.  Seal Cove is plagued by deep-seated retrogressive landslides, that have damaged many of the structures. In 1970 San Mateo County decided to refuse to issue any more building permits for a motel in Seal Cove because so many homes in the immediate area had recently been lost to slides.  This controversy was brought before the County Board of Supervisors, who decided to retain a consultant to investigate the problem and make recommendations on how the building department might proceed cautiously.  

Leighton & Associates were brought in from southern California because of their experience with setting up standards for evaluating geohazards for building applicants in southern California (possibly through Bill Cotton’s influence).  Leighton studied the problems at the site and reviewed stereopair aerial photos dating back to 1938.  They prepared a set of guidelines for future geologic and foundations studies, allowing the building freeze to be lifted.  Leighton turned in their report in October 1971.  They delineated four distinct hazard zones; Zone 1 most severe instability, no development allowed; Zone 2 unstable, but mitigatable (9 new homes allowed); Zone 3 questionable stability, 5 new homes allowed; and Zone 4 most stable, 2 new homes allowed (16 new homes were permitted between 1971-80). Leighton reviewed all of the geotechnical reports until 1975, when the County hired Al Neufeld as their full-time geologist.  By 1980 16 new homes had been permitted.  New zoning restrictions were established in 1980 after a report by William Cotton & Associates, because the fracture patterns being manifest at the ground surface were more pervasive and complex than originally envisioned in the 1971 report.          
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Warm Springs Dam was constructed between 1975-82 along the Russian River in the North Bay.

1975-82 - The Warm Springs Dam built on the Russian River by the San Francisco District of the Army Corps of Engineers was the last dam the Corps built in the Bay Region. The 319 ft high embankment dam was completed between 1975-82, and it retains Lake Sonoma.

1979-82 - Second Dumbarton Bridge.  The Dumbarton Bridge is the southernmost of the highway bridges that cross the San Francisco Bay, carrying State Route 84.  It is only 1.63 miles long, constructed 90 feet north of the original span, completed in 1927.  Original geotechnical study for the replacement span was by Shannon & Wilson in 1973.  The cost of the new bridge was $200 million. It has a shoulder in each direction for emergency use and a two-way bicycle/pedestrian path on the eastbound side. A 340 foot center span provides 85 feet of vertical clearance for commercial shipping.  The bridge opened in October 1982.   
[image: image54.jpg]



Modern wick drains employing geotextiles and PVC straws used to hasten consolidation of Bay Muds on approaches to the new Dumbarton Bridge in 1979-80. 

1983-86   First MSE walls.  Ed Margason Geotechniques for the Hillcrest Avenue landslide repair in San Pablo, in fall of 1983 thru spring of 1984.  The parking lot MSE embankment for Building 90 at the Lawrence Berkeley National Lab, by Pat Lucia of Woodward-Clyde; Martino Road cut slope repair in Lafayette, designed by Rogers/Pacific in 1986; and the Vista Carquinez landslide repair in Crockett by Rogers/Caulfield during the winter of 1986-87.   
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1994-97 - Los Vaqueros Dam was built along by the Contra Costa Water District in 1994-97 along Los Vaqueros Creek in eastern Contra Costa County.  The earth embankment dam is slightly under 200 feet high and was intended to retaining a storage reservoir of 100,000 ac-ft.  It is now being considered for heightening and expansion, to gain additional storage capacity.  During construction a large dormant bedrock landslide was discovered in the dam’s left abutment, and it was overexcavated and removed, for an additional cost of $3.3 million of the project’s $61 million budget.  CCWD wisely employed a 20% contingency fund, which easily accommodated the change order.    
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The Los Vaqueros Dam was the last major dam constructed in the San Francisco Bay Region, completed between 1994-97.  It is currently slated for enlargement. 

1997-98 - Morison Canyon Road Slide Repair.  Morrison Canyon Road is an old country road in Morrison Canyon above Fremont, one drainage south of Niles Canyon.  This road was originally graded in 1867 and has a very narrow and dangerous right-of-way, in terms of clearances.  But its rural character and scenic surroundings have made it a very popular route with bicyclists because it forms a connecting loop with Interstate 580, between Niles and the Mission San Jose District.  During the 1980s and 90s the road suffered multiple wash-outs, until, at one location, it was only 9 feet wide, and the downhill shoulder was undercut, forming a 55 degree slope 60 feet deep, to Morrison Creek.  The upslope side was a raveling cut in colluvium over sandstone, inclined at 0.5:1 and about 35 feet high.  There was insufficient road width to allow drilling of caissons along the downhill side of the undercut right-of-way.  
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Landslide bridge carries narrow right-of-way of Morison Canyon Road across undercut portion of the road, which had defied all previous attempts at repair. 


The City of Fremont received a FEMA disaster declaration after the January 1997 storms, which damaged the road.  They engaged Geolith Consultants of Pleasant Hill to develop a viable scheme for repairing the road within the $325K estimate specified in the FEMA Disaster Survey Report (DSR).  Geolith specified five large diameter cast-in-ground reinforced concrete caissons along 125 ft of road centerline, tied integrally to a solid reinforced concrete deck, using the design methods set forth in Vol. 4 of the Caltrans Bridge Design Manual.  The entire project was built for about $125K, well below the amount allotted for the repair.      
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This view from the outboard side shows the cross girders supporting the solid deck and the undercut nature of the hillside. Temporary timber cribbing was placed to provide support for the forms.    
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