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Surveying The San Francisco

took to the field for a pre-game World Series interview, the stands in
Candlestick Park stadium were buzzing with over 60,000 fans. Four
minutes later the stadium was shaken by a tremendous cartguake that rocked the San
Francisco Bay Area. collapsed a bridge and crumbled a mile-and-a-half of elevated
highway like a house of cards.
[n the Marina district. buildings sank to their knees as fire spewed from the combination of
ruptured gas lines and severed power cables. Within minutes the city was shut down.

S t 5:00 p.m.. October 17, 1989, as ex-San Francisco Giant Willie Mays

Continied on page 6
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When the rumbling stopped less than a
minute later, a dazed and panicked city
looked at the surrounding devastation and
began asking crucial questions. Which
roadways were open? Where were broken
utility lines located? Was it safe to go
home? Where were loved oncs? Where
should emergency vehicles go?

The answers to these and many other
questions lay within the vaults and rec-
ords of the cities and agencies affected by
the earthquake. For some, this informa-
tion was on odd-scaled maps, on conflict-
ing scales and, worst of all, based on out-
dated data. Often the information lay in
nearly inaccessible places. In Oakland, it
was in a collapsed building, soon to be
condemned and threatened by fire.

Ainong the first agencies to respond to
the quake was the California Department
of Transportation (CALTRANS), which
made immediate plans to {ly over the
quake region to generate large scale pho-
tographs for search and rescue and to
assess the damage to the state’s highway
system. In addition to these mmmediate
needs, the agency was concemed with
access to prime arterial roadways and
alternate traffic routes.

The mapping operation was supervised
by Larry Fenske, Chief of CALTRANS
Geometronics Branch in Sacramento. The
little-known departmenteventually proved
to be one of the most important facets in
both rescue and reconstruction operations.
According to Fenske, his department’s
mapping functions go far beyond conven-
tional boundary line placement and, in his
opinion, “bring home the importance of
the surveying profession.”

Because of the obvious and well-publi-
cized damage to Interstate 880, extraordi-
nary demands were placed on Fenske’s
department. His staff, like most other Bay
Area residents, were sitting at home with
their families watching the World Series
pre-game festivities and interviews, When
the quake struck, Fenske and his key per-
sonnel knew they would be needed.

Dick Burns, CALTRANS’ chief pho-
togrammetrist, began cataloging the tele-
vised reports and news stories of the
damaged sections of the state’s highways.
Armed with a series of AAA road maps,
Burns began plotting the reported dam-
age. Throughout the night he developed a
crude flight plan so that by sunrise the

Working on Interstate 880.

next day, he was fully prepared to istruct
his pilot and camera crew where to con-
centrate their efforts.

Dick Griffin, in charge of photo and
map reproduction, began making imme-
diate arrangements with the department’s
mapping consultant, Radman Aerial
Surveys in Sacramento. When he was
able to make contact, Radman and Griffin

“In Oakland, where most of
the damage had occurred,
the city maps were stored in
a building on the verge of
collapse.”

made arrangements to mobilize the flight
crew the next day. The photogrammetric
department at the time could be compared
to a MASH unit, since every conceivable
agency and rescue operation was seeking
information on the now-famous collapsed
highway structure and other sections of
the highway system. With countless lives
in jeopardy, Fenske’s department could
be nothing but 100 percent efficient. Not
only were the collapsed structures of
concern, but alternate access routes needed
to be identified for large scale rescue
operations.

“Without a doubt,” said Fenske, “be-
cause of the professional commitment of
Burns, Griffin and the contractor, we were

able to handle the situation. They werc all
terrific. Everyone worked day and night
and the men took the brunt of the incred-
ible demands made upon the department.”
When questioned later, Fenske said there
was nothing he would have done differ-
ently. “When you have dedicated indi-
viduals like these guys, you can get these
things done.”

That morning, the first attempts were
made to fly over the devastated area.
Unfortunately, security requirements stipu-
lated that the flight be at an altitude of
4,000 feet as opposed to the desired alti-
tude of 1,500 feet. For the first few hours,
any flight activity had to be cleared with
the state’s Multi-Discipline Accident In-
vestigation Team (MAIT), an association
of the Highway Patrol, Highway Depart-
ment and other emergency response units.

With the 4,000-foot flight in hand, a
series of large-scale photos were proc-
essed immediately. Enlargements and
reproductions were made and distributed
to the emergency response crews. Later in
the day, after the necessary clearance was
obtained, a 1,500-foot flight was made.
Once the photos were processed, Radman
prepared a series of 50 scale maps. Like so
many others, the photogramimetrist worked
throughout the night to draw the maps.

Acting on behalf of the State Division
of Mines and Geology, Fenske made ar-
rangements with Beale Air Force Base for
high altitude flight by a government U-2
spy plane. Once the extent of the devasta-

Continued on page 9
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tion was realized, much of the mapping
was for historical purposes as well as
obvious regional emergency needs.

Before the assorted mapping had been
completed, state investigation teams, po-
lice agencies and major accident response
teams were requesting maps and photos.
Everyone needed some form of informa-
tion, but most did not know exactly what
they wanted, so the tendency was to ask
for everything. Fenske credits his assis-
tant, Dick Griffin, with being able to de-
termine who needed what and how to get
it to them as soon as possible. Being able
to do this made the operation successful.

On Thursday the 19th, Radman re-
turned to 1-880 to take a series of oblique
photos, Like the State Mines and Geology
Division, the agency was interested in ob-
taining historical data on the area. A week
later, another series of low altitude photos
was taken for the purpose of mapping
locations of recovered automobiles and to
plot out the holes drilled through the upper
level of the collapsed highway.

Once the initial maps were generated,
CALTRANS engineers began their analy-
sis of the highway’s structure. While the
upper level was mapped from the air, a se-
ries of detailed ground surveys was per-
formed of the lower level to supplement
those areas obscured from the aerial maps.
The final set of maps, compiled at a scale
of one inch to 20 feet, included one-foot
contour intervals and critical spot eleva-
tions of the structure and surrounding area.

Another series of maps was distributed
to the highway department’s design and
contracting officers so that construction
contracts for demolition of the structure
could be let immediately. In many cases,
raw photographs were made into half-
tones, and specifications were drawn right
on the documents. From these, the con-
tracts were let within a few days. Another
series of photos and maps were distributed
to the traffic operations department to aid
indevising alternate access routes through-
out the area. The state’s environmental
agencies, as well as geophysicists, geolo-
gists and scientists, used the maps to docu-
ment the effects of the quake.

Other government groups also took
action within hours of the quake. The
Army Corps of Engineers was mobilized
to hastily bring to reality what had until
then been only a vision. In the preceding
year, under the direction of Maj. Warren

January/FEBrUARY 1990

Whithers, a team of GIS specialists from
Autodesk and the Corps had begun devel-
oping a digital “intelligent” map in antici-
pation of a need for information about the
area. The plan was being developed with
the Facility Mapping Systems Company
(FMS) and Autodesk, and was intended to
serve as a pilot program for an emergency
response database system.

The Corps’ interest in the program ex-
tended from one of their primary func-
tions, to respond to natural disasters and

oversee recovery efforts. Having just dealt
with Hurricane Hugo, the Corps recog-
nized the importance of possessing maps
of the area for locating crucial water and
sewer lines. Equally important was the
need to know where potentially danger-
ous gas and electric lines were located.
Local efforts had included developing a
“devoted” workstation to synthesize the
digital mapping data. Although their one
station was down when the quake struck,

Continued on page 10

\

Make It Easy (and Better) with
TRAVERSE PC

The friendliest software for your daily routine work, ever,
is Traverse PC. Instead of fitting to a standard, informa-
tion is processed the way you want it. Its flexibility and
ease of use puts you in control.

Why can we make these promises? With Traverse PC,
errors can be instantly corrected, instantly updated.
There’s no code to Jearn. You don't exit one program to
go into another mode. Full COGOQO and graphics are built
right in. There are no modules or add-ons. It manages
multiple traverses at one time.

Traverse PC takes full advantage of existing hardware,
and runs on all true IBM compatibles, including laptops.
It interacts with other software, can write a DFX file,
and imports from and exports to data collectors.

It's fast.

These things make Traverse PC different. The price is

different, too. Only $399.

Designed by surveyors for surveyors, you'll use Traverse
PC every day for processing your field data. Easily.

£,

A
@\TRAVERSE PC
N

VISA/MasterCard Welcome
Call or write for free presentation folder.
30-day money-back guarantee.

-John Balcom/Ward Northwest, Inc.
P.O. Box 105 » Florence, OR 97439

1-503-997-9201
CIRCLE READER RESPONSE 65




Earthquake

Continued from page 9

the project got underway thanks to the ef-
forts of Autodesk, under the direction of
Brad Sharp.

With an “intelligent”™ map of the Bay
Area, FMS, in conjunction with the Corps
of Engineers, began what would be a tire-
less project in Marin to figure out where
the damage had occurred and who had the
information needed to identify the dam-
aged lines and city infrastructure.

According to Lynn Finley, FMS proj-
ect coordinator, the most difficult prob-
lem was gathering various city and utility
maps. In Ouakland, the city maps were
stored in a building on the verge of col-
lapse. FMS’s staff were cscorted by armed
police to the building to retricve the maps.
Several blocks away, a local blueprinting
company began a marathon project to
reproduce every available map. Once
completed, the maps were whisked back
to Sausalito where, in a response that
would come to characterize the country’s
reaction to the disaster, the staft at Auto-
desk converted a training room into a GIS
think tank on a “humanitarian basis.”

The Compagq computer company
donated computers to the around-the-clock
operation, which commenced immediately.
Twelve 386 processor machines were
committed to the task; additional soft-
ware and hardware upgrades were per-
formed throughout the night.

Meanwhile, FMS employecs contin-
ued scurrying around the region collect-
ing maps and data from the municipalities
affected by the quake. Once collected, the
tedious process of digitizing began, using
the assorted maps with their varying scales
and levels of quality.

The first goal, according to Finley and
Sharp, was to locate information already
in digital format, since it would be helpful
to have a good base map from which to
build. They turned to the American Digi-
tal Cartography Company (ADC). ADC
had already developed a series of Au-
toCAD geodetic quadrangle base maps
for many of the country’s populated re-
gions. The Corps ordered 25 of the 7.5-
minute digital maps, and within a few
daysthe San Francisco, Oakland and Santa
Cruz maps were delivered. The remaining
regional maps were generated shortly af-
ter, using the aforementioned maps as
foundations. The technical process of
creating the overlays got underway.

10

Aerial photo of Interstate 880.

Of all the cities contacted, only Santa
Cruz had begun developing a working
GIS. The system was available only on a
case-by-case basis and was not automated,
thus making its application in an emer-
gency difficult but workable.

DCA Enginecring Software in New
Hampshire flew in a team of technicians
to assist in developing the topographic
layers and models. As the magnitude of
the quake was realized, more information
was needed. The U.S. Census Bureau re-
leased its TIGER file records compiled
for the 1990 census. Like so much other
important information, these records were

needed to assess the effect of the earth-
quake on the community as well as for
briefing President George Bush and other
government officials. Unlike the tradi-
tional utility overlays, these filcs included
information such as railroad lines, road-
ways, political boundaries, street names
and addresses.

Mike Bauer of ADC was responsible
for overseeing the initial integration of
the TIGER file overlays. Because tele-
phone service was unavailable for two
days following the quake, it was Thursday
before ADC could mobilize.

Unfortunately, one of the first prob-
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lems to arise stemmed from the fact that
the census data was based upon a DLG
(Digital Line Graph) database, an older
system being utilized by the government.
The initial overlays, which were com-
posed of 50 megabytes of information,
were compiled within a day and a half.
Before the week had ended, South Marin,
Oakland and the San Francisco Peninsula
were in a digitized format. The compiled
data was then “crunched” for storage and
expressed to Sausalito. Within a week’s
time, the remaining regional base maps
were delivered to the makeshift GIS head-
quarters, where they were incorporated

JANUARY/FEBRUARY 1990

Inset: CALTRANS map of disaster scene taken from aerial photo.

into the rapidly developing digital maps.

Once the base maps were compiled
into workable formats, a series of Corps
icons wasdisplayed onthe electronic maps.
Coded symbolsidentified the various levels
of response each area had either needed or
received. These icons included such valu-
able information as the location of gas
leaks, water leaks, debris and other fac-
tors affecting health, safety and welfare.
Although not as important as the tracking
of emergency responses, other factors
identified included indexing Disaster
Survey Reports, road and building infor-
mation. Additionally, a database was

developed to monitor the status of inspec-
tions and reports necessary for insurance
claims, as well as state and federal relief
funds.

The use and implementation of a GIS
was not uniform. At the California Office
of Emergency Services, road maps were
taped to the walls to guide their opera-
tions; Federal Emergency Management
Agency staff members were using a simi-
lar process.

With all the coverage given to visible
damage, little public attention was given
to the status of the city’s harbor. Beneath

Continued on page 12
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the water, there was far more physical
displacement than on the surface. Once
the welfare of the community was stabi-
lized, it was the harbor that drew the

attention of the Corps and their team of
consultants.

Shortly after the major surface damage
had been identified, DCA digitized hy-
drographic survey data of the city harbor.
Within a few days, the subsurface damage
was displayed on 3D CAD maps, and
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reparations commenced. In addition to
immobilizing commerce and shipping, the
damage threatened national security be-
cause of the restrictions on passage of
navy ships. Other important concerns
included the status of subsurface cables
and utility lines, as well as the trans-bay
Bay Area Rapid Transit (BART) lines,
which miraculously escaped damage.
According to Paul Lamarouex, former

“The [CALTRANS]
photogrammeltric
department could be
compared to a MASH unit,
since every conceivable
agency and rescue operation
was seeking information on
the now-famous collapsed
highway structure.”

NSPS director and now chief surveyor for
the BART property department, “The
BART Station was one of the safest places
to be.” Lamarouex, a South 8an Francisco
resident, was standing on a train platform
when the tremor shook the area. Subse-
quent inspections revealed that the system
was nominally affected, and within 24
hours of the quake the bay area system

was running again.
In the Marina district, where the most
Continued on page 52

PROFESSIONAL SURVEYOR

American Red Cross



Devastation in Santa Cruz.
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building damage occurred, the quake had
literally shaken buildings to the ground.
Within minutes, the area’s gas and power
lines were ruptured and a series of violent
fires began. At the Pacific Gas and Elec-
tric Company’s mapping headquarters,
every available resource was mobilized.
Larry Genardini, the company’s mapping
supervisor, compared the demands placed

A
(%)

upon his depariment to a “nightmare,”
although the first few days Genardini felt
like one of the “most powerful persons in
the world.” There was an immediate need
for gas and electric maps, According to
Genardini, one of the most challenging
problems was to provide precisely what
was needed. As expected in an emergency
situation, those making the demands did
not know exactly what they needed. They
just knew they needed information re-
garding the location of the volatile utility

Bob Eplett, California Department of Emergency Services

lines. Because of the immediate need for
emergency response information, the
company did not have time to dispatch
surveyors or engineers to locate the sub-
surface lines. Field inspectors and fore-
men were sent out with hastily reproduced
maps, some color-coded to aid the field
operations, Like the Oakland blueprinter,
the two gas and electric company blue-
print machines ran for 45 hours straight,

The disaster was an extreme test of the
area’s plans to investigate GIS technol-
ogy. Prior to the quake, efforts were un-
derway to develop a uniform GIS using
the city of San Francisco’s 200-scale base
maps. Questions regarding scale and use,
typical of GIS, were still to be resolved

“The disaster was an
extreme test of the area’s
plans to investigate GIS
technology. ”’

before the system could be “on-line,” thus
traditional methods of mapping and ac-
cess were utilized. When the quake struck,
there was certainly little time for utility
companies and other public service of-
fices to coordinate mapping and data re-
sources. Each agency was compelled to
respond to its own crisis.

When questioned about the applica-
tion of GIS at CALTRANS, Fenske ex-
plained that his agency had discussed its
use but as yet had not devoted any signifi-
cant resources to the endeavor. Because
the highway department work in limited
strips or spots, he explained, GIS applica-
tion was not as important as in cities or
agencies that need a spatial approach to
regional mapping. If such a program were
undertaken, however, Fenske was confi-
dent his department would be interested
in aiding its development.

“Overall,” according to Fenske, “the
whole operation was quite an experience,
We had a lot of hot requests, and the effort
was quite exciting. It proves to me once
again that surveying is a valuable profes-
sion, and [ was thankful [ had a chance to
help everyone.”

What lies in the future for the area?
According to Wayne Thatcher of the U.S.
Geological Survey, the recent slippage of
the Loma Prieta segment of the San An-
dreas Fault “has clearly increased stress”

PROFESSIONAL SURVEYOR



on the rest of the fault stretching north to
San Francisco.

Another member of the Geological
Survey, Allan Lindh, reported there has
been “a subtle but distinct” shift towards
increasing quake activity, Two months
before the quake struck, Lindh had pre-
dicted in the August issue of Science that
an earthquake of 6.5 magnitude would
likely strike a 20-mile section of the San
Andreas fault almost exactly where the
October 17 quake occurred. When asked
about a historical pattern, the seismologist
refused to speculate, although history has
revealed a possible pattern in the sequence
of quakes.

What are the lessons to be learned?
Most scientists and geologists agree that
San Francisco is not the only area suscep-
tible to an earthquake. Two of the most
severe quakes in the country occurred in
New Madrid, Missouri, and Charleston,
South Carolina. Boston and the Great Lakes
regions have also been historically associ-
ated with great earthquakes. Other natural
calamities will continue to plague the
country, such as the recent destruction
from Hurricane Hugo. Will these areas be
as prepared as the Bay Area, which had

only begun developing a disaster relief-
based GIS?

From the great earthquake of "89 we
have learned it is essential that the af-
fected agencies communicate with each

“Little public attention was
given to the status of the
city’s harbor. But beneath
the water, unseen to human
eyes, was far more physical
displacement than had ever
been observed on the
surface.”

other if they intend to develop a regional
GIS and respond to an emergency as effi-
ciently as possible. Uniform mapping stan-
dards and methods of electronic storage
must be adopted. The various agencies
mustcontinually review their records, both
internally and with each other. The system
must be “smart” enough to identify vari-
ables such as which of the damaged utility

lines poses the most danger to the commiu-
nity, How can water pressure be main-
tained in the event of fires? What is the
best alternate route for rescue operations?
Which area is in danger of flooding? An
intelligent GIS would be capable of mak-
ing these decisions, instantaneously up-
dating reports and making recommenda-
tions. As the information is updated, pri-
orities could be reassigned and human
decisions could be made.

We have also learned that the Bay Area
has much to be thankful for. The response
and commitment of the various individu-
als mentioned in this article are reasons to
be proud of our profession and our friends,
most of whom made many personal sacri-
fices in the interest of humanity, Let us
learn from this lesson and continue in our
efforts to serve society in a fashion com-
mensurate with our professional stature in
the community. PS

Michael Pallamary is a California sur-
veyor and president of Precision Survey
and Mapping in San Diego, and Land
Survey Service in La Jolla. A freelance
writer, he contributed an article on earth-
quakes to our MarchiApril 1989 issue.
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