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FIRST ANNUAL REPORT
of
the

VOLCANO EARLY WARNING AND DISASTER ASSISTANCE PROGRAM

6 August 1987 -- 30 September 1987

ORGANIZATION OF THE REPORT

This is the First Annual Report of the U. S. Geological
Survey (USGS) and Office of Foreign Disaster Assistance (OFDA'
Volcano Early-Warning and Disaster Assistance Program (DAP).
The report is organized for reacer convenience into si:, mai ;
sections:

I. HIGHLIGHTS OF THE REPORT
II. BAC[KGROUND AND DESCRIPTION OF THE PROGRAH

III. FY 87 PROJECTED AND ACTUAL BUDGET, ACTIVITIES, AND
ACCOMPLISHMENTS

IV. FY 88 PROJECTED BUDGET, ACTIVITIES, AND ACCOMPLISHMENTS
V. SUMMARY OF ACTIVITY AT LATIN AMERICAN AND CARIBBEAN

VOLCANOES IN FY 87
VI. SUPPORTING APPENDICES

It is recommended to those wishing only an overview of the
accomplishments, problems, and recommendations of VDAP's first
year experiences that they read section I. Those wishing more
detail can rQfer to the other sections of interest.

I. HIGLIGHTS OF THE REPORT

SUMMARY OF SIGNIFICANT RESULTS AND ACCOMPLISHMENTS

Although VDAP is a new program and by charter design must be
flexible enough to respond to unanticipated emergencies, the
actual activities, accomplishments, and expenditures were
remarkably close to those projected for FY 87 in the 1986 USGS
WORK PLAN.

Generation of the Core Team

USGS Funded (Assigned)

o Program Chief and Volcanologist - Norman Banks
o Volcanological Seismologist - David Harlow, half

time; Randy White, half time
o Logistics Technician - Michael Doukas

OFDA Funded (Hired)

o Electronics/Seismic Technician - Andrew Lockhart
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o Deformation Specialist - John Ewert
o Database Specialist - Deferred to FY88, various USGS

professionals and technicians assigned to
accelerate development of seismic system.

Development of Equipment Cache

o Seismic system - Purchased and borrowed parts suf-
ficient to field 6-station telemetered net with
two back-ups: development of real-time computer
procesiEsing at base station ahead of schedule.

o Dry tilt system - Purchased remaining parts of total
station, provides wide aperture tilt (new system)
and trigonometric leveling, developed data reduc--
tion programs for the two methods.

o Digital telemetry system

- Completed hardware/radio purchase/development
sufficient to field 5 telemetered tiltmeters,
2 repeater stations, and 3 base stations.

- Deferred work on telemetered fumarole monitors
in favor of accelerating development on
"smart" telemetry and mudflow alarms; pur-
chased parts for 5 mudflow alarms that use
the smart telemetry.

Development of Computer (and information/map/photo) Database

o Slowed owing to diversion of available resources to
the development of the seismic system. Nonethe-
less, there was significant progress in acquisi-
tion of base maps and background literature cover-
ing about 50-70 X of the Latin American and
Caribbean volcanoes of concern.

Assessment of Activity, Latin American HiQh-risk Volcanoes.

o Provided OFDA with preliminary report on overall
volcano hazards and state of knowledge on known
high-risk volcanoes.

o Made on-site visits in Colombia, Ecuador, Costa
Rica, Guatemala.

o Made new hazard evaluation maps for two Guatemalan
volcanoes.

Response to Volcano Unrest

o Fielded 3-person crew (13 person weeks) in response
to a request from Guatemala to evaluate and
mitigate the hazards of 4 'volcanoes. showing
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activity.

Coordination International Hazard Mitigation groups. United
Nations (UNESCO, UNDRO) and World Organization of
Volcano Observatories (WOVO).

o Conducted a 1-month training workshop on deformation
monitoring with Ecuadorian, Costa Rican, and
Guatemalan trainees: :JNESCO/WOVO funded.

o Conducted joint VDtAF/LINDRC evaluation of volcano
preparedness in Ecuador .

o Wrote proposals to WOVO and Nordic Volcanologic In-
stitute; resulted in training in Iceland o-
personnel from Onservatorio YLlcanologico de
Colombia.

Liaison/Evaluation Trips and Activities

o Two trips to Ecuador
o Two trips to Colombia
o One trip to Costa Rica
o Two trips to Guatemala/Mexico
o Two trips to El Salvador (earthquake related)
o Extensive telephone, telex, and letter traffic,

including provision of technical literature, data,
equipment, and other requested assistance through-
out Latin America and other third world countries.

Establishment of Baselines and Other Monitors

o Deformation monitors established in I Costa Rican
volcano.

o Deformation monitors placed on 3 Ecuadorian vol-
canoes.

o Provided parts requested to recommission telemetered
tiltmeter in Ecuador.

o Deformation monitors (including 1 telemetered) placed
on 4 Guatemalan volcanoes.

o Assisted in expansion of monitors on Ruiz Volcano.
o Loaned small-array EDM equipment to Ecuador, Guate-

mala, Costa Rica; included on-site training.

Additional Activities, Not Projected by 1986 USGS WORK PLAN

o Finalized delivery and commissioning of all equipment
deficiencies resulting from the 1985 Ruiz crisis.

o Assembled kit for geothermal water/condensate geo-
chemical analysis

o Upgraded the portable computer hardware/software.
o Upgraded geology/observation equipment.
o Upgraded tool/repair-instrument inventory.
o Wrote proposal and obtained $336,000 in operational
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expenses, salary, travel, and overhead from the
USAID Mission in Guatemala for a 2.5 year, phase 1
program to develop a governmental volcano hazards
monitoring/mitigation group in Guatemala.

o Obtained $10,000 from UNESCO through the World Organ-
ization of Volcano Observatories to support parti-
cipants for the workshop in Ecuador.

o Obtairned travel funds irom 'SAID, Guatemala, to f: el4
a third memte,- of VDAF dur ingj ernerqenc' as-3iStance
t : the Ir, st-tute Nac o:a de Sjsmologia Vulcano-
locia MeterologiA '/ H-drologia.

o Frcducen together with Maurice Kraff t Franue and
ill Rose 'Hniverity of Michigan) the first dra:t
( an educ.tional video on the hazards cf pyro-

clastic ilow3.

Sujmma:- , oi E.<pendi tures

USGS FUNDS PROJECTED ACTUAL

Salaries ................................. . 116,00i. 116,026
Benefits ............................... $ 13,700 13,700

Contracts ................................ $ 9,00 C 9,228
Equipment ................................ $ 16,600 19,341
Travel ................................... . t 2, 0 , 21G0
Operations ............................... $ 4,450 4,089

Overtime ............................... I ,500 1,556
Overhead including Administrative

and Technical Services ................. $ 97,200 97,200

$ 260,930 262, 840
OFDA

Salaries ................................. : 65,000 65,16P
Benefits ............................... $ 6,900 6,900
Overtime ................................ $ 3,000 3,094

Contracts ................................ . 2C, 0 0C) #
Equipment <sei~mic and telemetry) ......... $ 50,000 50,534
Travel ................................... . 44,40') 31 , 195 #
Operations ............................... I 8,700 6,734
Overhead ................................. T 79,000 66,189 #

$ 277,000 231,809 #

# = Expenditure of $20,000 in contracts and $13,200 in travel

(plus related overhead) deferred to FY88.

PROBLEMS IN FY87 - DAPTATIONS FOR FY88

Scope of the Proram

Two problenms became apparent during VDAP's maiden year owing
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to the scope of VDAP's stated objectives versus the program's
level of funding, number of staff, and projected duration. The
first concerns a growing load in responses to communication and
specific requests for assistance from Latin America and else-
where. The second concerns the scope of effort involved in
generating the necessary liaisons and information files that
allow adequate response to volcano unrest.

-- I v,:1 ? te.!echL-ine, tele;, mail , and site-visit
t. ,i , -Y, 37, ij-d th s load grew throughout the year as word
,t .'D>F s!.,ed it; Latin Ameriu a, other third world countries, and
il errr, i onal as-si stan:e organi zati ons. The traffic ranged from
,-i;rp le ri.'ests fur inr ormatio.. to requests that caused consider-
-ble VDA7: e-'_fort in lrtiterature or product research as well as the
orcivisi n o.nr guidancre, equipment, program revie s, and training.

VDAF team members attempted tc respond fully and speedily
to all such reqUests, in keeping with the intent of VDAP. How-
ever, in viek.: of the growing interest and need for Our services,
it is ubvio,. that to continue to fully respond to all of them
could seriously impinge upon progress on the core objectives of
the program.. If this occurS, it may be necessary to request a
fourth OFDA-supported position, dedicated solely to responding to
these requests, because to ignore or to treat them with a less-
!,tn-obl i g,rng attitude would seriously impinge upon future
cooperation from the agencies that VDAP is established to assist.

The second problem of scope that crystallized during VDAP's
maiden year is the size of the job of becoming adequately
informed about and sufficiently responsive to the many high-risk
volcanoes along the 15,000 mile length of Latin America. The
number (and funding) of the agencies in Latin America that are
qualified and equipped to evaluate, monitor, and mitigate
volcanic hazards is dwarfed by the problems and needs that face
them. Given the staff size, funding, and its' expected 5-year
program life, VDAP can not hope to become sufficiently in-formed
or. -l I probl eros and it. the saime time provide appropriate and
adquate assLnce to all interested agencies in all of Latin
Aierica and the Caribbean. Moreover, to attempt to do so would
dilute over-all VDAP contributions to questionable levels and
might risk a culpable failure of hazards mitigation during some
future emergency response.

Extensive discussions by VDAP with Latin American counter-
parts revealed that their wish for long-term and full guidance
toward independence is equal to their need for more and better
monitoring systems. Moreover, our own on-site observations of
aid programs, in progress or planned by other countries in
volcanology, are that they generally are funded at a higher
levels and for longer-term compared to many U.S. efforts includ-
ing VDAP. This assures us that to follow a course of dilute
attention would be worse for U.S. diplomatic and commercial
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interests than no program at all. Thus, we recommend that we
maintain high-quality service and response by VDAP, by adopting
the following program changes:

o That VDAF' be viewed, at least in principle, as a 15-20
year, multiphase program.

0 That the VDAP emergency r-esponse umbrella be reserved fcr
Latiii Aerica ;ni onl, a fewj other carefully-considered

ln: t nce's el 'sevjere i-here risk is high and perceived to
require VDAF', rapid ceployment capabil ities.

o Th at VDAF, dar i iig the first phase (5--10 yearsi , conce
trate e-forts on liaiEon contact, data base develop--
ment, tr-ainirng, and system building for only 3-4 COL1O-
tries; for example in the 4 main South American coun--
tries, which have minimum but developing experience in
volcano hazards and where VDAF/OFDA has already invest-
ed heavily (Colombia and Ecuador).

Such restructLkring anno-tnces long-term and serious int L-e-t
by the U.S. toward the almost overwhelming problems in volcano
hazards faced by Latin America, a posture that our Latin American
associates assure us will generate good will for the U.S. and
its' interests. A South American focus Would allow VDAP to gain
more in-depth expertise and knowledge about fewer volcanoes and
volcano-hazard agencies along one contiguous belt of more
manageable size. Moreover, the ice and snow fields that cap
South American volcanoes constitute a potential, from even small
eruptions, for large mudflows that can reach a larger population
than can eruptions of similar size in Central America.

This does not suggest that Central America should or would
be ignorec. Low-level and crisis-related assistance would be
maintained. STAGE I of the Guatemala addendum ould be complet--
ed. However, STAGE 2 of the Gu3temala plan (currently unfunded)
would not be pursued nor would major system building be initiated
in the other Centr&l America nat ions until they became the focus
of Phase ' of VDAF. Moreover, this delay in focuc on Centra3
America ma[es logistical sense. Although Central American vol-
canoes erupt more often than those in South American, it is
virtually impossible to do field work at this time in Nicaragua
and El Salvador; Costa Rica has a viable volcano hazards unit
already addressing their own problems; Mexico has shown recent
reluctance to invite U.S. government agencies to in assist their
hazards programs; and neither Panama nor Honduras have large
populations at risk to volcanoes.

Staff

The problems of scope discussed above are in part augmented
by staffing adjustments and problems in FY87 that continue as
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this report is being written.

First, VDAP was physically divided between two centers, the
Cascades Volcano Observatory (CVO) and Menlo Park, California.
This division of VDAP takes advantage of the large pool of ex-
pertise i n seismology in Menlo Park, but required restructuring
of staff. Because only one electronics/seismic specialist (based
at CVO) :s prmvided by the FPASA the California-based seismolo--
gist(s, r-?quired additional technical aid in FY87 to assure a
nropr:r ci-hecle of dcvelopment of the seismic system. This
assistance was accomplished by deferral of hiring -f the Databaso

zC )t to FY 88 and use of the released funds to support
adli t c:~al Menio Park technicians and professionals on the YDAF
Gei sme c I''Iyt em.

A major con,-sequence of this restructuring of staff was
greatly decreased progress on the building of the information/map
database required for efficient and knowledgeable rapid response
to vol c ano emergencies. There are too many volcanoes and
A gncies In Latin America to properly obtain, catalogue, and
track al I necessary information and data without a Database
Specialist dedicated to these tasks (as described by the 1986
USGS WORK PLAN and in the OFDA PASA). An additional result of
the division of VDAP into two centers and two Branches of the
USGS, was an uneven load of the administrative obligations and
operational duties on the CVO-based members.

Efforts are underway to increase integration of the seismic
component of VDAP with the main group at CVO. However, hiring of
the Database Specialist at the beginning of FY has been and still
is delayed by a hiring freeze. In addition, tne hiring of an
assistant budgeted for arid funded by the Guatemala Project (Task
7, Appendix IV) was been caught by the same hiring freeze. This
assistant was planned and is needed to avoid degradation of the
core objectives of VDAF while the team extends assistance to
!NSI VUMEH.

The combination of the restructuring and continued staff
shortages h.=s delayed the achievement of crisis readiness at the
level anticipated by the 1996 USGS WORK PLAN for the PASA.
Failure in either the efforts to integrate the staff or to hire
the two missing staff will require formal inter-agency agreements
to reduce the product expectations of VDAP.

Logistics of Crisis Response

A chronic problem for VDAP has been timely arrival at crisis
sites and the transportation of equipment for both crisis re-
sponse and baseline studies. Arrival times at a volcano are
governed more by airline schedule and seat availability than by
readiness of the team or the gravity of the situation. -Deregula-
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tion of the airlines has compounded problems inherent in the
transport of VDAP equipment to volcano crises. Airlines now
make a practice of bumping excess baggage in favor of higher-
paying (per weight) passengers and air-freight. Thus, VDAP
frequently arrives at either the intended destination or the home
base without critical equipment. On average, about 80 % of the
trips end up with 1-4 days of delay in baggage delivery. This
Augus an Lna-inotnced pol icy change for excess baggage requi red
a r -- tre ghti.,4 of Lh ecuipone;t c.ache, a subseLuent 1:-ai
i jcuLrdi-. -,t :,f the .:ache. ".D w L, 1 d not ha-e beer abI - to
re-sp,rid toi a cr sis dilring that tine.

YF'oF' £'comrner That O7D'. inv0.sti gate how YDAPF can, tofe
adv0r-t_.jg oJ mi Iit,iry or Air National Guard transportatio: fc-
both our p1 anrned 5-asel ne/i i ai son and emergency trips. Thence
gr tu;-s are required to fly a set number oi flights annually
anyhow, and ferrying of VDAP when it is ladened with equipme-nt
should offer them a practical use of government funds.

Another chronic problem (al though not experienced in FY 87
since the initiation of VDAP), has been the increasingly length..
lead times required to obtain non-emergency foreign travel
authorization. Travel requests not fitting current definitions
of an emergency must be submitted approximately 2 months pri9r to
a trip. Clearly, some volcano crises develop on a schedule that
may lot be deemed an emergency somewhere along the approv, l
channels. An example was Ruiz, where the tragedy took at least
11 months to develop. Just as clearly, the volcano monitoring
groups in Latin America do not operate on a similar 2-month
advance-notice schedule. Thus, VDAP has lost "targets of
opportunity" to contact groups, individuals, and projects that
are critical to VDAP objectives when important meetings have
developed and take place in a matter of a few weeks.

To minimize failures in hazard mitigation and to avoid
embarrassmenf in Latin America concerning VDAF's purported
rea.Ad:nEss and rapid response capabilities, it might te wise if
VD', " hd pre-approved travel authorization for at least 4 un-
scheutled, 7-per-son trips per year that are activated by a simple
telephone noti4ication/approval scheme, so that unique oppor-
tunit ies and potential catastrophes are not missed by the
USGS/OFDA Early-Warning Disaster Assistance Program.

1



II. BACKGROUND AND DESCRIPTION OF THE PROGRAM

BACKGROUND

VDAP has had a varied history (summarized in APPENDIX I)
that includes unilateral USGS as well as joint USGS and OFDA
activities. Both the USGS and joint USGS/OFDA activities were
done on an ad hot basis from 1981 until FY 65, i4her a formal
or ))ect tern,?d the Volcarno Crisis, tssistance learn (VCAT) was
i--itirt-d b,. the USS. In i4Ugu';Et_ of 1?'6, the JEGE was joined by
OFDA in tic 5--year- VDAF proqram ccvered by F'ASAiT-O-F-IC-

)LA- ' had its origins, in the emergency response f the USGE:
to the Mount St. Helens eruption in Washington in 1980, ihen it
was dramatically emphasized that volcano crises can and do
develop faster than unprepared emergency monitoring and hazard
mitigation systems can be emplaced. Thus, in January of 1981,
the USGS began building a mobile cache of volcano monitoring
equipment that has been used in a series of volcano emergencies:

- Mount Pagan (Marianas, 1981-e3-84)
- Rabaul Caldera (Papua New Guinea, 19e3-e4)
- Mayon Volcano (the Philippines, 1984)
- Raiz Volcano (Colombia, 1995-86)
- Facaya/Fuego/Santiaguito/Tacana Volcanoes (Guatemala,

1 9 8 7 -continuing).

The equipment was also been used to teach volcano monitoring
techniques in several countries that are developing or upgrading
their volcano monitoring and hazard mitigation systems.

Prior to the August 1986 agreement to cooperatively fund
VDAP, mobilizations were funded by the USGS and OFDA on a
case-by-case basis. Thus, both limited funding and the small
size of the core team resulted in channeling. of a dispropcr-
tionatev large art o-f VDAF's response effort into the OevE&kop-
ment of an equipnoent cache and into assistance to colleaues
during volcano crises; there was rar-ly sufficient funding to
provide pre-crisis assistance. The change from the ad--hoc to the
long-term funGding agreement between the two agencies allowed a
more comprehensive commitment to the mitigation of volcano
hazards through expansion of the core staff, development of a
better equipment inventory, and, significantly, provision of more
resources for, and thus stronger focus on, assisting colleagues
in upgrading their early-warning and hazard-mitigation systems
before a crisis. The pre-eruption objectives of the program
include assistance to requesting agencies in establishing
baseline and early-warning monitoring, in improving hazard
evaluations, in upgrading equipment inventories and monitoring
techniques, in development of information and database files, and
in training personnel through workshops and the generation of
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educational/training aids such as pamphlets and video tapes.

OBJECTIVES OF THE PROGRAM

The overall objectives of the program are an amalgam of
three independent documents that resulted from the varied history
of VDAP noted above:

o The USGS Volcano Crisis Assistance Team "v'$.T .='o e.
(A(,F'ENDIX II)

c The 1906 USGS Work Plan for the -ASA (AFFENDnIX 7 i
c The obligating PASA documert (APFENDIX IV)

These three documets have ee ential 1y the same objectives,
al though not all alace equal empasis on the same objective. To
reduce the con-fusion that arises from the three parallel ooligat-
ing docum, nts, these objectives are restated below:

OBJECTIVE I -- To develop and maintain a core team (2-Z
professionls, 4-5 technical and support aids) wi tI- exper---
ience in methods of volcano monitoring and hazard evaluation
for the purpose of rapid and effective response to volcanic
unrest when requested by appropriate agencies, with emphasis
on Latin America and the Caribbean (USGS VCAT PROJECT,
OBJECTIVE 1, APPENDIX II; USGS WORK PLAN (implied); FASA
TASK 1, Appendix IV).

OBJECTIVE 2 -- To develop and maintain a cache of monitor-
ing equipment and data processing systems dedicated and
ready for rapid, risk-minimum, and responsible assistance to
volcano unrest (USGS VCAT PROJECT, OBJECTIVE 3, APPENDIX II;
USGS WORK PLAN, OBJECTIVE 3, APPENDIX II; OFDA PASA TASK 2,
APPENDIX IV).

OBJECTIVE 7 -- To establish and maintain political and
scientific liaisons with national and international agencies
and graduate's of the team's training courses in order to
facilitatr rapid and logistics-minimal response to emergency
requests (USGS VCAT PROJECT. OBJECTIVE 6, APPENDIX I; USGS
WORK PLAN, OBJECTIVE 2, APPENDIX I I; OFDA PASA TASI: 4,
APPENDIX IV).

OBJECTIVE 4 -- To generate support for monitoring groups
in Latin America and the Caribbean and develop educational
aids, public awareness, early-warning monitoring systems,
hazard mitigation programs, and preparedness for volcano
unrest (USGS WORK PLAN, OBJECTIVE 2, APPENDIX III; PASA
TASKS 5 & 6, APPENDIX IV).

OBJECTIVE 5 -- To assist requesting agencies in establish-
ing hazard evaluations, baseline monitors, and early-warning
forecasts to reduce loss of property and life and to
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minimize political instability through assistance

a) prior to signs of unrest, and

b) during times of volcano emergencies.

(USGS VCAT PROJECT, OBJECTIVES I & 2, APFENDIX II, USGS WORK
PLAN, OBJECT:VE 4, APPENDIX III; PASA TASKS 2, 5 & 6,
APPENDIX iV>

OBJECTIVE e:. To create and maintain database files,
bibliog-'aphic material , and map-photo libraries to track and
provide i,:stant background on currentl-active and potern-
tially-active vol cances i r Latin Amerric and the Carihbean
(USGS VCAT PROJECT, OBJECTIVE 4, AF'PENDIX Ii: USGS WORK
PLAN OBJECTIVE i, AF'PENDIX III; OFDA FASA TASK 7, Appendix
IV).

OBJECTIVE 7 -- To assist developing countries to achieve
independence in volcano hazards evaluation, monitoring, and
forecasting through workshops, technology transfer,
development of teaching and educational aids; and direct
teaching and training (USGS VCAT PROJECT, OBJECTIVE 5,
APPENDIX II; USGS WORK PLAN, OBJECTIVES 2 & 4, APPENDIX
Ii; OFDA PASA TASK.S 7, 5 P 6. AFFENDIX IV).

OBJECTIVE 8 -- To improve ability of the volcanological
community to decipher and understand volcano processes
through frequent intercourse with international counterparts
and interactive exposure to many volcanoes in various
states of unrest and in eruption with modern monitoring
equipment and methods (PASA TASIKS 4, 5 & 6, APPENDIX IV).

OBJECTIVE 9 -- To improve skills in the volcanological
community in hazard mitigation through observing and
sharing, during frequent real exercises, the problems and
successes in hazards reduction measures (PAS) TASKS 5 & 6,
APPENDIX I Y.

III. FY 87 PROJECTED AND ACTUAL ACTIVITIES, ACCOMPLISHMENTS,

AND EXPENDITURES

INTRODUCTION

VDAP is a new program and, as such, it was necessary to make
several adjustments and adaptations in FY87 that were not antici-
pated at the time of writing the 1986 USGS WORK PLAN. In addi-
tion, the program, by it's charter design, must be flexible
enough to respond to unanticipated emergencies. Nonetheless, the
actual FY 87 activities, accomplishments, and expenditures were
remarkably close to those presented in the 1986 USGS-WORK PLAN
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(APPENDIX III).

ACTIVITIES AND ACCOMPLISHMENTS,
FY 86 PROJECTED AND FY 67 ACTUAL

There were eight major tasks listed in the Projected
Schedule of Pasa Activities for FY 87 (20 of the 1986 USGS WORK
PLAN; see APFENDIX III). These are listed below and each is
followed by aq itemization of actual activi Lies cn them.

1) To identify and bring on board thes exaininq members of
the core team (VCAT) (ODJECTIVE I, &uo,e :

NOTE !: Program Chief and Volcanologist, Norman Banks
(GS14), established by USGS YCAT project prior to the
RASA Agreeme t.

o Volcanological Seismologist (GS12)
Assigned to 1/2 time duty 10/86 David Harlow

(GS12
- Assigned to 1/2 time duty 10/86 Randy White (GS12)

o Deformation Specialist (GS11)
- Hired Deformation Specialist 10/86 John Ewert

(GS7), promoted to GS9 in 1987... See NOTE 2
below

o Logistics Technician (GS9)
- Assigned 10/86 Michael Doukas GS7 (promotion to

GS9 in progress)
o Electronics/Seismic Technician (GS11)

- Hired 10/87 Andrew Lockhart GS9 Electronics Non-
Seismic Geophysicist...See NOTE 2 below

o Computer Specialist (GS11)
- See NOTE 2 below

NOTE 2: The geographical distribution of the Team (2
in Menlo Park, CA, and the resz at the Cascades Volcano
Observatory, WA) required ,a restructuring of the
Projected staff for FY 87 6s follows:

- The Deformation and Electrorics Specialists hired
also had experience in computer programing.

- Several technicians of the Branch of Seismology
(Menlo Park, CA) were assigned for FY 87 to
assemble the telemetered seismic station network.
The CVO-based Electronics person will receive
training in installation and care of the seismic
system in FY 88.

- Hiring of the Computer Specialist (intended to
create and maintain the data and information
files) was deferred to FY 88 to provide FY 87
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funding for the seismic technicians in Menlo Park.
The activities in Menlo Park included assembly of
the seismic hardware as well as the development of
a PC-based seismic acquisition/processing system,
to be completed in FY 68.

- Insufficient funds were budgeted in FY 67 to support
the n.umber o I i ai Son trips required for the
prog-am. LU: lower-g:'ade hires were made to
provi d, the fand for these liaison tri p,: (Re-fr -
erce I December 1996 Memo to fary Ellen Williams
z.d Don :.i ck (USGS) and 5 February 1987 letter to

Pau t: -mp,: OFDA) .

2) To purchase and dev.elop the eqJuipment needed for the
equiiimenL cache (OBJECTIVE 2, above):

o To provide an adequate seismic system (6-station
telemetered seismi c system)

- ITEM 1 - 6 PS2 seismographs were loaned from
Branc'h of Seismology for exclusive use by
VDAF' until replaced by equipment top be
purchased by VDAP. This change was made
because of the expectations of the ITEM 3
below-. In addition, all needed components
were purchased to construct 6 telemetry (with
2 backups) units and a base station.

- ITEM 2 - Full mobilization readiness (i.e.
departure on the day of emergency request) of
the telemetered 6-station system is 7 months
behind schedule. Current expected mobil-
ization time of the system is 3-5 days.
Projected date for 1-day-departure readiness
of the 6-station net is now I March 88.

- ITEM - - The hardware cni appro:ximately half of
the software needed to produce a FC-based
real-time picier-digitizing capability at the
base station was codeveloped by VDAF and the
Branch of Seismology. This development
accelerated availability of this modern
system and is expected to reduce the number
of recording seismographs needed at the base
station. The original projected start date
of FY88 for this system was advanced to FY87
owing to freeing of funds intended for
purchase of the P62's (see ITEM 1). See
APPENDIX V for details of this new system.

o To complete a dry tilt system

13



- ITEM 1 - A new VDAP-developed (wide aperture)
system of dry tilt was made operational in FY87
and necessary data-reduction programs were
developed, tested and applied in the field. See
APPENDIX VI for summary of this system.

o To assemble the diclitWk telemetry system and supply 3
teleme.ered tilt. .i 7. telemetered iumaro!e
r,.,a ni tor-s " -'k: - p. 12 of 1?86 USGS WORK: F'LAN (or
AFFENDIX i I, UM. A\Y PROJECTED EXPENDITURES FOR
THE JSGO ) . See AF'c'ENDIX VII for description of
this. -.y t erm.

- ITEM 1 . All parts were purchased ind assembled
ready for i mmediate departure and fielding of
5 telemEtereu tiltmeters and 3 base stations.
Thi- is 2 tiltmeters and 2 base stations more
than projec ted in the LISGS WORKPLAN.
Cur rt,-itIy cJ:-: telemetered tiltmeter and a
bas.- station is on loan and installed on
Fuegot Yolcano, Guatemala. This unit is being
replaced through the Guatemalan PASA.

ITEM 2 -- Development of 3 fumarole monitors
projected for FY 87 was deferred to FY 88 in
order to begin earlier development of the
higherr-priority inexpensive mudflow alarm
systems. To date all parts were purchased to
develop 5 digital telemetered mudflow alarms.
Parts of the hardware and software needed to
make these units operational were also
developed in :987. The prototype is expected
to be completed in early 1982, and the
operatio.nal urniis are expected to be opera-
tiona by the close of FY 88. See APPENDIX
VII : det..iV of the VDAF-developed alarm
svstEc(..

3) To begin a compLitor (and infu-rmation/imap /photo) database
system on high ,"is- volcanoes in populated areas of
Latin America and the Caribbean (OBJECTIVE 6, above).

NOTE 3: Progress on this activity was below expecta-
tions owing to deferral of hiring of the Computer
Specialist (see NOTE 2 above). Nonetheless, progress
was made in this activity.

ITEM 1 - Obtained all unclassified topographic and
geologic maps of the volcanic terrane in
Guatemala, plus 1:50,000 scale aerial
photographs of Fuego, Acatenango,- Agua, and
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Pacaya Volcanoes.

ITEM 2 - Obtained most unclassified topographic
and geologic maps of the volcanic terrane in
Ecuador plus aerial photographs of Pichin-
cha, Cotopaxi, Cuicocha, and Tungurahua.

ITEM 3 - Obtained all unclassified topographic and
guologic .taps of the volcanic terrane in
Col omb i a.

ITEM 4 -- Obtained all unclassified topographic
m&.p i.-..ilable of the volcanic terrane
i.- Costa Rica.

ITEM 5 Improved the literature collection for
all Latin American and Caribbean volcanoes.

ITEM 6 - Added topographic maps to the Ecuador
cl 1 ect i on.

4) To provide OFDA with a preliminary assessment of the
activity of the high-risk volcanoes (OBJECTIVE 6,
above).

- ITEM I - As with Item 1 of activity (3) above,
Progress on this activity was much below
projected achievement levels owing to
deferral of hiring of the Computer Specialist
(see NOTE 2 of (1) above). Nonetheless, VDAP
provided OFDA with:

Banks, N. G., Ewert, J. W. and Doukas, M. P.,
1987, Preliminary compilation and
eval L,3tlon of high-risk volcanoes in
Latin America and the Caribbean:
Administrative Report to USGS, OFDA,
U.S. Embass'; 7 pp, 7 figures, 13
tables, I Appendix.

Banks, N. G., and Lockhart, A. B., 1987,
Volcano hazards and preparedness in
Guatemala; Preliminary report of the
USGS/OFDA Volcano Crisis Assistance
Team: Administrative Report to USGS,
OFDA, U.S. Embassy, 10 pp.

Banks, N. G., 1987, Preliminary assessment of
the volcano hazards of Pacaya Volcano:
Unnumbered INSIVUMEH Publication, 25
pp., 5 maps
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Banks, N. G., Ewert, J. W. Lockhart, A. B.,
1987, Volcano hazards in Guatemala;
Preparedness and suggested program for
their mitigation: Administrative Report
to USGS, OFDA, U.S. Embassy, 48 pp.

Doufas, M. P. and Ewert, J. W., 1987,
Preliminary Report on the activities of
the USGS/OFDA Volcano Early Warning and
Crisis Assistance Program Report in
Ecuador 1987: Administrative Report to
USGS, OFDA, U.S. Embassy, 15 pp.

Rose, W. i., Mercado, Reinaldo, Maitas,
Otaniel, and Giron, Jorge, 1987, Volcanc
na-,aros of Fuego Volcano, Guatemala;
Freliminary report: Unnumbered
INSIVUMEH Publication, 25 pp., 2 maps

White, R. A., and Harlow, D. H., 1988,
Hypocentral parameters of significant
shallow volcanic chain earthquate of
Central America: submitted to journal.

5) To respond, if neciessary to a volcano crisis (OBJECTIVE
5, above).

- ITEM 1 - VDAP fielded a 3-person crew in
response to a request from Guatemala to
evaluate and mitigate the hazards of 4
volcanoes in Guatemala; included 13 person-
weeks of field work and training, production
of a preliminary hazard map of Facaya
Volcano, establishment of deformation
monitoring on 4 volcanoes, evaluation oT the
current activity and overall hazardsI of
F,?caa. FiPgo, Santiagjito, and T.ana
'oi uao .oi- Evel opment and funding thrzagch
USAID, GAatenala, of a 2.5 year program in
volcano ha.:ard evaluation and monitorin- fcr
INSIVUMEH. See APPENDIX IX for summary of
VDAP activities on this mission.

6) To coordinate activities with the interagency early-
warning groups, UNESCO, and WOVO (OBJECTIVE 3, above).

- ITEM 1 - Conducted a 1-month training workshop
on deformation monitoring with Ecuadorian,
Costa Rican, and Guatemalan trainees in an
exercise that established deformation
monitors on three high-risk Ecuadorian
volcanoes. Cofunded by UNESCO and WOVO.
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NVI (Nordic Volcanologic Institute) that
resulted in training of personnel from OVC
(Observatorio Vulcanologico de Colombia) in
Iceland.

- ITEM 3 - Coordinated fact-finding mission in
Colombia and Ecuador with UNDRO mission (see
APPENDIX XI).

7) To conduct1 a regi ondi wr.on and ,ieet "itn -taf-f Oz

the volcano studies centers in Colcmbia, Ecuador, and
Costa. Ri ca to di AcUs5s duvel onpment o'f cooperati ve
international L-_rografnEs and existing disa-tor mitigatior.
plans (OBJECTIVFS 4,5, F,', above).

ITEM I - No funding was provided n' th( F' 97 FP'ASA fc.r
this activity. However, 12AV memhers visited all
three countries at least once, and as noted above
in # 6 ITEM 1, also conducted a UNESCO-WOVO funded
workshop in Ectador .

8) To make 3 liaison/evaluation trips to volcano sites
and/or volcano monitoring organizations (p. 13 of the
1986 USGS WORK PLAN; OBJECTIVES 3, 4, 5, 8, and 9,
above). VDAP exceeded expectations in this category.

ITEM I - In August/September 1986 (see APPENDIX XI
for details), 3 project members travelled to:

o Colombia to maintain relationships with USAID,
and various universities and to evaluate pro-
gress at the Observatorio Vulcanologico de
Colombia.

o Ecuador to establish relationships with Esquela
Fol itecnioc:a Nac ional (ESPONA), USAID, and
inter A4ler i ca> Geodetic Servi ce (IAGS).
F'icl;I h ,nd Luicccha , (.lc&;-ioes were visited
and exami cid.

o Costa Rica to establish relationships with the
Observatorio Volcanoligia y Sismologia de
Costa Rica (OVISCORI) of the Universidad
Nacional Autonoma, Universidad de Costa Rica,
and USAID. Arenal, Poas, Barba, Irazu, and
Turrialba volcanoes were visited and examin-
ed. A short-range total station system was
loaned (APPENDIX XIII) to OVSICORI to
maintain and expand OVSICORI's deformation
networ ks.

ITEM 2 - In December 1986, 1 team member visited
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bes&-' te'brv ori'-.Vl od

Colombia at teprequeo IFDL and aerslat.d -the
intern--*~ ulatooioa de,,cito Colf-ia See aolg C!ENI, FI:

3- 3 rsaf Ir nArili~197., t22 meT;ember o oke VDP iitd :E

Sa I adorpnd atemad presena IUt per and hessil
prores on s soiatonzofn systt-olo annd vol ?7 3-

33ITEM 5 - Preliinry con87, waemes oad '.'i \t~ Meia

haz-ard mi tigati oni'- gru 3 Uie-iaNco

3 ~Autonoma and 3Defensa ,Civill ,whi-le evaluating' ~~-
Tacana Volcano for G'Ltateinal.a in Febru~ary, 87.

I TEM 6 - Three VDAP members , a tt ended the-_.IA-VCFI $4
Symposium on How Volcanoes 'Wo r k 'to Mantain-and---'--
initiate contacts with a~wide variety, 5f .national
and international scientists >working2  on .many 3 3 "

aspctsofvolcanology.

ITEM 7 -Letter,.telex, and ,tel ephone' -commurli Cat ion wa
heavy in FY 87 with a~wide'va'riety, of i ndividuls>~ >
and organi'zations. 3 that', 3 have 'hadpat-ai
present, or probably.Wi±' haefuture-associan.~~~ 1 -

with the project. 3Asignificant> portion, of these 3

contacts included. requests 'for 'researchad
equipment 'that enta il1ed.. apprec iable t ime on th e.,
part of, proje c t staffs :S Iee'PFENDIX'XIV > 40 Iorli'-st'
of more -Kmjportant letter, 'telephone, and t'ele
communication in iqe.'

ADDITIONAL, ACTIVITIES AND ACCOMPLISHMENTS,, :.'3 . >~-~3

NOT PROJECTED 'IN3 FY896 PLANS' .'' '..- 3

3The'-following are additional accomp'istiments,'by' -VDAP' that
were not projected as FY E37 act i i t ies. 3 - '

KAdditional Activities on the Eciuipment Cache (OBJECTIVE--2)~

3-Finalized delivery,,and commissioning2 o f all equipment
33 3deficiencies~ resulting fromf, thie,-19e5-Ruiz cri sis. 1

333 .- -Assembled 1kt for geothermal wate/condensate geochemical .
3 

n l s s 
'i' I 3



- Upgraded the portable computer hardware/software.

- Upgraded geology/observation equipment.

- Upgraded tool /repair-instrument inventory.

Additional Activities on Generation of Support for Latin
American Volcano Monitoring. Groups (OBJECTIVE 4)

- ITEM 1 - Wrote propoal ,nd !,y ii oper"a-
tl oi-ai expenses, S i a ,, t' a , Ad overhead from the
US(ID Mission in Gi.ateTia]a fur _, 2.5 iiar, phase ;

p:-rgram to dev- I op oi g V, .vr , - .t Il v . , arg0 hzaros
rri, i tor-i ng/mi ti gat i o c.-p n ( : :mla...

- ITEH 2 -- Obtained %II, ,n G.E. and travel fro i UNESCO
througi the WOGlO tO support participants in a workshop
in Ecuador- on drformat.1 on moni tori ng of vol canoes.

-- ITEM 3 - Obtain.d t:-avel funds:. Cron, UAID, Guatemala, to
field a third member o VDAF to provide emergency
assistance to INSIVUMEH.

Support of Hazard Evaluation and Baseline Data (Objective
5)

ITEM 1 -- Guatemala

o Provided preliminary hazards maps of Fuego and Pacaya
Volcanoes.

o Provided evaluations of Santiaouito and Tacana Volcanoes
to INSIVUMEH and USAID, Guatemala.

o Established limited buit uSefuL, deformation monitcring at
4 volcanoes targeted as hazardous by INSIVUMEH (Fuego,
Facaya, Santiaguitc, and Tacana).
expand the deformation networt est,:blished by VDAF.

o Established a rea -.time nl enetered 'iltmeter on Fuego
Voi cano.

ITEM 2 - Ecuador

o Established deformation networks on Cotopaxi, Pichincha,
and Cuicocha Volcanoes

o Loaned a short-range total station (APPENDIX XIV) to
ESPONA to maintain and expand the deformation networks
established.

ITEM 3 - Costa Rica

o Made site visits to assist OVISCORI in volcano hazards
evaluations of Arenal, Poas, Barba, Irazu, and Turrial-
ba Volcanoes.
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t'o Loaned.' short, range:'EDM 'system to ex~pand, the deformation *

t networks4'being moitor ed~by. OVISCORI'->
o- Asse,:USAID, Costa2 Rica,',in,.evaluating progress and;:

o Estab1;i'shed EIDM -monitors-:on;Arena IVoI'c'an

'Training/educational 'Videos (OBJFCTIVE 7, -a b o v e),~ I -i

ITEM I - Produced WttI r',ZI U I- iC e 1h-fft tfFrance)- and 9i1l
ROse (Univairsity cif Hich igl'n) the - f r dratL 'o fan
Pd uca t ionalI v id eo -

I'll a"{t r Li c c, 196871 The, 1502 e-uLptiCr, oA: Mont4
Peiee, the i nteract~ on between f ian and vol canoe ;<h
the devastation produc-ed by pyrocl astic flows
26 minute educational video: preliminary edition..

ITEM '2 Proposed use o4 some OFDA contract >funding~to~
5L'ipport another video initiative, by I.A.V.C .. .(hi

'initiative pending 0FDAV approval t o suggest ionsto'to.
Krumpe and Swan in 10 September band 17 December .19874'..
letters).

Additional Products in-FY'87

- VDAP STA~FF, 198 7,FPr o f.'iIe o+ the USGS/OFDA Volcalno Early-
WarningCrisis Assistance Team - August,4987 Edition:r""
7 pp.

Ewert, J. W., 1967, Use of the Citation EDM, T7 2, and T16' ,
theodolites for deformation monitoring- Proceedures an

'2 ~ 'considerations.

White, R. A. , and 'Harlow,,tD. 1-, 1988,~ Hypoc'entral':parameters
o f signiificant shallow volcanic~ chain earthqua-esDf--\~
Central',America: Su~bmi tted 'to 'joutrnal, Q PP.

FY e7 BUDGET, 'PROJECTED ANDACTUAL

As seen in theSummaryrTable below, actual epniue o
VDPwere, close 'to those~projected, .(not th otoe..t h

'table). Dea -o:.hepniuis.may be,seenin APPEDC iX
andXVI The 'excepti'ons<(Nce with', ~a#vn th-~ myTb

H to 'the lose match'between'te 'atutalnd projected expenditures~ '

involve, underspedin .of" OFDA' -f fund! of $20'00., ,F or,.Con t racts V
J~3 20Ja Tael- 'and $13,0 for O:Iverhead.( These,{unds. WiLl

, be expended in' F.Y, '88-thlaug'h .expanded activjitiesi',ntravel' and-
contracts.: Note' that tIe figue in :the Actuial ,columnr epreet

~ ' ~ bookkeeping,'by -DAP~ member's. '~Fina1'f cafiguFY l wi'll-
be furnished by~ the~ Of +ice' of' Intrntioal '6o~elogyU. ,S..
Geological Survey.~'~
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SUMMARY TABLE OF VDAP PROJECTED AND ACTUAL EXPENDITURES
FUNDING PERIOD - OFDA for 8/86 - 9/30/67; USGS for FY 87

USGS *PROJECTED "ACTUAL
Salaries and Benefits .................... $ 116,000 116,026

Banks, Norman - Volcanologist
Doukas, Michael - Physical Science
Technician

Harlow, David; Fand,, Wn-it (1/: tixime
each) Sei rmolaoc-;st's

Benef its . .............................. . 3 , 13' . ,700
Contract s................................. 9 C0 ' 9 220
Equipment . ............................... 8CK 19,41
Tr avel .................................... : 2,2 8) 2,20.IB
Operation s ................................ t 4, Ep.) 4,54 9

Ov rT(? T .,. .. ............................... $ 5.I, I , 556
Jverhead inclujdinq Adminri strativce?
and Technical Se!-vices ................. 97,21,0 97,200

4 260,930 262.B40
OFDA
Salaries ................................. $ 65,000 65,169
Lockhart, Andy -- Operational geophysicist
Ewert, John - Operational Geologist
Unnamed - Seismologists and Electronic

Technicians

Benefits ............................... $ 6,900 6,900
Overtime ............................... $ 3,000 3,094

Contracts
Smithsonian ............................ . 10,000 0 #
Translation and data entry ............... $ ,000 0 #
Software development ................... $ 2,000 0 4

Equipment (seismic and telemetry) ......... $ 50,000 50,534
Travel ................................... V 44,400 31,195 t
Operations . ............................... T 8,700 8,734

Overhead .................................. :. 79,000 66,199

-t 277, 000 31 ,90'? it

= Projected as per I December 1986 memor andum to iary Ellen
Williams and Don I lick (I,(36) and 5 February Letter to
Paul Krumpe (OFDA..

- Figures in this column subject to adjustment pending final
closing of FY 87 books by USGS book keepers.

#= Expenditure of $20,000 in contracts and $13,200 in travel
deferred as per 10 September 1987 memorandum to Swan and
Krumpe.
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SUMMARY TABLE OF VDAP EXPENDITURES ON GUATEMALA PROJECT
FUNDING PERIOD - OFDA for 8/86 - 9/30/87

Production of Preliminary Hazard Map F:Aego Volcano

Travel Expenses - Rose and Mercado ..............$ 5,8!9
Support and Pubblication Expenses ................. Incom.

Tuta.i Expe nditure.r, Incom.

IV. FY 88 PROJECTED BUDGET, ACT- I .+IES, AND ACCOMPLISHMENTS

PROJECTED FY 66 ACTIVITIES

Overall Program activities qil' be essentially the same in FY
C3 as in FY-87. 1-oe,.er , emp. aI in some categories will be
shifted in accordance v;th th, experience gained in the first
year of VD(F' operati (SEe ears i r section on PROBLEMS IN FY67-

ADAPTATION!] FOR FYSO . Ob ective . fZr the year could be
restructurei i f a si gni f i cant cr 1is respunse is required during
the year. In additio,, attainment cf listed objectives is
dependent or: early filiinq of _-)sitions still vacant at the
beginning of ?YB.

Erphaci- in FY 89 wi - I 'e:

(a) To identify additional funding (in-country and interna-
tional agencies, USAID/OFDA) that is not present in the VDAP
program but is necessary to train and provide instrumentation for
those groups in Latin Amer ica interested in achieving self-suffi-
ciency in volcano early-viarning and hazard mitigation (CVO and
Menlo Park Team Memnlers).

(b) To mai. tain al:-+oacy established scientific and govern-
mental liaisons -equired for efiicent onmergency responses, with
empha_;is o, CL.omb ia a ,d Ecuacdjt (CVO and Menlo Part Team
Menber s) .

(c) To ectablish prelimiina-y scientific and governmenzal
liaisons required for efficient emergency responses, with
emphasis on Chile and Peru (CVO and Menlo Fark Team Members).

(d) To acquire, develop, and maintain additional portable
monitoring equipment needed for safe and capable Pmergency
responses to volcanic crises, with emphasis on commissioning of
the mudf low alarm system, software for real-time earthquake
locations, development on film/video monitoring techniques,
development of telemetered crater-lake monitors, and development
of telemetered fumarole monitors (CVO and Menlo Park Team
Members).

22



Specific purchases for the equipment cache will be as
fol Iows:

USGS FUNDS

o Completion of the classical dry-tilt system
o Purchase of modest numbers o0f maps/photos for the

volcano files
o Upgrading of -'meras
o Research p art7. for a frzme bhv-freme tel emetered TV

;r'ot i tor

OFDfi FUNDS

o Mode2st upgradhng c f the AI.0LcmaL.c Data Processing
ha:-d.a e aid software

o Modest upgrading of the (as/water geochenistry kit
o Addition of voice repeaters (deft-rred from FY 87)
o Furch-ase of one seismograph
o Continued p: ogress .)n the real-time picking/locating

capabilitle3 of the I.-eismic system
o Telemetered Monitors

additiun of I more data telemetry units
- addition of 2 more data repeating stations
- parts to develop air refraction monitors (EDM)
- parts to complete 2 additional mudflow tripwire

Lin i ts
- parts to develop fumarole monitoring units
- parts to develop crater lake monitoring units

o Modest upgrading of tools, laboratory equipment, and
training aids.

(e) To continue development of the map/photo library and
analytical data bases of currently- and potentially-active do-
mestic and foreign volcanoes, with emphasis on Colcmbia, Chile,
Ecuador, and 'er-u (CVO and Menlo ['ark Team Members).

(f) To ad.J 4nd tr , n 2 aJJi t i onal team members (CVO Team
Members):

o The Database Specialist
o Technical aid to assist the Guatemalan Project

(g) To continue the development of training and educational
videos and pamphlets (CVO and Menlo Park Team Members).

(h) To respond to requests for emergency assistance or
teaching/baseline assistance by foreign agencies (CVO and Menlo
Park Team Members).

(i) To continue USGS guidance, training, counseling at the

volcano monitoring groups established previously through VDAP
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support in Colombia (CVO and Menlo Park Team Members).

(j) -- To implement the following parts of Stage 1 improve-
ment of volcanological capabilities of the Instituto Sismologia,
Vulcanologia, Meteorologia y Hidrologia (INSIVUMEH, Guatemala)
(see TASK 7, APPENDIX IV).

a - Upqrade INSIVUMEH's hazarus mapping and evaluation
p: agr m.m (CVC Te.:,n JEb .y:

p,-ovLding z , ii-;it: Lvoiug> kit -for geologic studies.
2isisting , n pr'1par.:tion of a preliminary hazard

mflps5 of S.-intiacLi o cYI aro.
tL aining cnf :, I N'I i7.j FA 2 o ogiLt in qolcalol.g/

providing terlptic.r,-aL',. t'aininrg to 2 'NSI VUME;
pe sornT -'I (i1 . Cr1 s,-S c Ccur in FY 83, this unit
will be d ,:erred -:o FY 89

b - Upgrade the s- imi s i urveillance of the 4 targeted
volcanoes (Meiln Park Team Members) by:

- redirection of eXisting telemetry and the purchase
o 2 portble units

- redirection o-f existing telemetry units
- training of a INSIVUMEH seismologist in volcanologic

sei s rol oQ-
- providing advice to INSIVUMEH as they establish the

4 field observatory posts around Fuego, Santia-
guito, Pacaya, and Tacana Volcanoes, as per
conditions of the convenue with USAID, Guatemala

c - Establish limited but useful capabilities in deformation
monitoiring (CVO Team Members) through:

- trtining of a INSIVUMEH geologist in deformation
noni torin

- purLJas? of teplaceri.ets for and transfer to ISIVU-
'E! of th , GS f-qtip n_: now on loan by VCAT

- purchase of 7.dditional deformation monitoring
equi peen t

establishing or upgrading EDM and dry tilt monitor-
ing on FUt.ego, Santiaguito, Pacaya, and Tacana
Vol car.oes

d - To be done in FY 69

e - Provide a basic field kit for geology studies (CVO
Team Members).

f - To be done in FY 89

g - Provide the basic necessary reference materials for
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general volcanology and monitoring (CVO and Menlo Park Team
Members).

h - Provide basic training and support requited to service,
operate, and interpret the new systems (CVO and Menlo Park
Team Members).

PROJECTED FY 88 BUDGET

Expenditures of Funds Carried Over From FY87

As noted under FY 87 BUDGET, PROJECTED AND ACTUAL aove,
expenditure o- -t21,00 o-' FY 87' contract funds and $1 ,20C; of F\'
87 travel/lal son ft-ncds eas deferred to FY 88. Projected use= of
these funds in FY DO at e asi fnllows:

.0 Contra7l: s

$10,P"C1 for codevelopment (with USGS, UNESCO, and
-.ther donors) of an educational video on
volcano hazards.

$10,000 to develop data bases for Latin American
volcanoes and hazard-mitigation programs.

o Travel/Liaison

$1I,000 for visits of three team members to Peru,
Ecuador, and Colombia.

$ 2,200 for attendance of team member Harlow at
the Ruiz Conference in Colombia March 1987.

Projected USGS-OFDA FY 68 Expenditures

As noted in a memorandum Of 12 July 1987 to Alan Swan and
Paul V:rumpe (OFDA) thai accompanied the FY 88 budget for VDAP,
the FY 88 projected budget again calls for OFDA funding that
fn 1 Iow the il.AS6 USGS WifORK PLAN as modified by the menoranda of
I December and 2 December 1986 - transmitted to OFDA 5 February
1987 by Mar F l1en Wi 1 1 aims).

As in FY 87, VDAF will adhere as closely as possible to the
budget submitted, but will maintain the flexibility required of a
major emergency response, a reawakening volcano, a new avenue in
technology, or development of a more innovative method of mon-
itoring.
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SUMMARY
IISGS/OFDA FY 88 PROJECTED EXPENDITURES

1 October 87 - I October 88

LISGS FY 86
1986 Workplan 1988 Projected

SalIarie F.-,i Pen efits $ 125,000 "$ 131,400
Ccntr v* .- $ 9
F q U i r..n t s 25,P M00 $ 12 ,
Tr a vr: I - :,90c'
Opa-at i Cn-./Sjpc.l i e /Repai rs 7,6'0

Over tm,: ,5C'C
Ove-head 75,000 . 1o6,60 0

TOTAL USGS * 225,000 $ 272,00o

OFDA F' 89 *

Personnel Service $ 89,000 $ 75 ,54
Contracts $ 15,000 $ 15, 000
Equipment $ 40,000 $ 49,027
Travel $ 40,000 $ 40,40.
Expendable and Operations $ 5,000 $ 9, 023
Overhead 76,000 $ 76,000

TOTAL OFD.'- $ 265,000 $ 265,000

= lower grades allow transfer of $13,462 (1986 USGS WORK PLAN)
to Equipment + Travel (as per 1 & 2 December 1986 memoranda.
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DETA I L
USGS PROJECTED EXPENDITURES
1 October 87 - 1 October 88

USGS
Salaries ........................................... $ 118,000

Banks, Norman - Vclcanolcgist
Doukas, Michael Operational Geologist

oae/Jhi tv-. . i !d 'F ndy h' timc r ch) - Seim ologist
!- e i .-. ......................................... 17[ .4 0(z:

17o.-. ra c t = .......................................... 9 , O)Ct;I
Thin Sectaof-,.

D)aLa Easz Erit t a s)
T -ar i ~g Ai,.-6

Equ i pnnt 1! 2,0Ut
o f T ic e ........................................... .2

Data Base ........................................ ; I,SiA
Deformation ...................................... t 7, 0 75
Ha.ar ds/Do.,-,,entation.sGeolcgy ..................... :. .4.

Travel . . . ............................................... 3 -
Bants to Re.=ton/Wa=-hington
eanks to Menlo Fark
Harlow to Varcouver

Operations/SuppI ies/Repairs ........................ 7,600
Overt i me ......................................... . 1, 5,(

Overhead including admirnistrative/technical services $ 106,600

TOTAL USGS $ 272,000
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DETAIL
OFDA PROJECTED EXPENDITURES
I October 87 - I October 8

OFDA
* Personnel Services (1 75,548)

Salaries . ........................................ z 65,207
il h5rt A.",d - Opcrarional geophyicisz., s9/1

Ewer pertlunsl Gecologist, G!9/1
JnnAmed Eat-kas 3puiaui3t, GS7-,/I

Be r. e f t -=-. ..... ......... .................. ........ - 7 ,34 1E,..er it .. .......................................... 3 ""

u a L. , / n :m t DF Fe De, opne ". t

Fm i t h -on i :n..-A .................................... 5
ran-ovi 1 c.n' tr ,,, :,cf t a-.,re (various) ............. 4 5.

Train-inq sup po-t ;various) ....................... . 5,000
EqLu p~h,_nrt: ( i 19, _'29)

Lato: .t r ....................................... j;700

't::m, tic [ a Fv'ocetssf ng ........................ 4 2,950
G. s Geoch mistry . .......... ....................... . . 3, 95
Lcg; stiCs . ......................................... r 188

a..ty ........................................... . 3 '!,916
Seismic (including 2 PS2 seismographs) ............ . 20,010
Telemetered Monitors .... ............................. 12,095
Too1 I S.................................................... 3, 125
Training ......................................... . 2,650

Travel ($ 40,423)
Banks to Sakurajima Symposium .................... 4 3,000
Oy)0 person to Caribbean volcanoes, 2 weeks ....... 2 ,1360
One person to Central American volcanoes, 3 weeks : 2,960
One person to South American volcanoes, 2 trips $ 4,.80
Emergency FResponse/Baseline, 3 persons, 4 weekIs ..- 13,7'0
Expendable and Operations ........................ $ 9,023

Overhead ........................................... :. 70,000

1OTAL OFDA t 25--0, 000
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Projected Guatemalan Expenditures

SUMMARY OF
VDAP TASK 7 PROJECTED EXPENDITURES

GUATEMALA PROJECT
I August 87 - 1 October 88

+ TRAINrING and 13- '1

:.,, A d,., SI=Or tra v 0 1. . ........................... , '
: 7Tr t 3TC r,,' hire assistants .............. 2

O. , t' r(i t purchasing aqents and assistants ..... .. ,.,V
H ei S , . ?u Tr in nr costs/support ................ ,4

* A it : ] ,.t ,, .::kets/perdi em/mi scl (2 pe rsoJs) .x a ,0'-:
SET ri

Fq,,' incr it and thip,.in, ........................... I 20,
r . r .. . . . . . ........................................... . i ,6 LX

O th ...... . ............................................ .4
DEF MT I IN

EquI pment and shipping . ........................... . 45, 9 k)
+ raini lg ... ......................................... . 16.

Other ............................................ . 4,015
HAZARD EVALUATION
Equipment and shipping ........................... X 2,500
Training ............................................... $ 20,445
Cther ................................................. . t295

OVERHEAD ........................................... t 48, 07

TOTAL $ 214,197

+ NOTE that student and advisor travel expenses for training
have been included with the appropriate training
category

* =This expenditure will be deferred to FY 89, if nc eruptic.n
,ac:,u.lr- in FY 8[3.
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V. ACTIVITY AT LATIN AMERICAN AND CARIBBEAN VOLCANOES IN FY 87

This section provides a brief description of the volcanoes
that have VDAP's attention because of current unrest. Absence of
a volcano from this list may be a reflection of poor monitoring
or infrequent observation. Rather than assuring a tranquil state,
Coluntries and volcanoes are arranged in nor'th-south order.

JoI i ma zepci'ie interval e',cteds ivi-?r aqo i te'.'a!, ,Jcm
n"c t:n t. i hue, and tle,-e i-:as . ma .)r 2uw -oi aj sre in

1 1,"7, Irc..-!as.-d fumarolic and seismic activty in 1987.
-a:'e , - at i .. = .nkno n

"FtCcZna icreasc=d fumaroliL activity and sei cit, i
19~5: cC;tinurj d sei-4micity.
F-'ec+.p e at risk. ' 50,(00.

SU 0_TF t'1iLA

Tacana - 3ee Mexico
Santiaguito - continued, possibly accelerated dome growth,
one particularly large collapse of dome flank in December
86, mudflows during rainy season caL(sing flooding and some
evacuatin:; from El Palmer.
People at risk = many thousands

Fuego - repose interval exceeds average interval, increased
fumarolic and seismic activity plus ejection of incandescent
blocks in 1987.
People at risk = unknown but many thousands

Facaya - increase in explosivity of eruptions in 1987;
caused evacuations.
People at risk : 1 0,00.

L SALVADOR

Nin act vi! .,y r-eport ed.

NICARAGUA

Masaya -lava still visible in crater, degassing continues,
occasional crater collapse.
People at risk = unknown

COSTA RICA

Rincon de la Vieja - small eruptions in December 1986 and
April 1987.
People at risk = unknown.

Arenal - continued seismicity, lava flows, explosions, tephra
eruptions.
People at risk = unknown.
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Poas - increased seismic and fumarolic activity in 1986 and
1987.
People at risk = unknown.

CARIEBBEAN

Micotin Domirnica) - intermittent shallow seismicity.
'e-O ,le- at risl n- Lnktict.jr..

M-%rne Fat t-'s (Dominica) - c ac ac ;ona' ,ar-,s ,flr{,' .ed
! La, -1 r t - ) .
Peup I - At ri s. = LM kno'

Mnnt RE: 1 er (Mart i n xqu e  w zci %r swarm s P1 J al y,

F 1e t i s i)Cl , 0 C7,

C(?ifl1P. 1 A

Ruiz - seisric activity, gas emission, and occasional =,nrell
erLtptions: another ser-ious eruption ir. this cycle Is stil
pcassi bl e.
Feop 1 e at r i s t 5'0 ,0.

ECUADOR

Cotopa;:i i iL.S i3 i t' longest repose period in recorded
history and has Lad seismic swarms since 1976, with possibly
increased frequency in the last 5 years.
People at risk > 120,000.

Guagua Pichincha - phreatic and seismic activity in 1985.
People at risk ' 5,000 in near field, >1,000,000 in Quito.

F'ERU

Misti - is in it's longest repose interval in recorded
history; increased seismic and fumarolic activity reported
in 1949 since 196l.
People at -i :[ , 'C',000

Saban:a a -- on set ,f strong fumar'olic acti vi ty during the
past 2 years; volcano p'-evious]y thought tD te dormnt,
snow arid ice clad.
People at rist = several thousard in near field, ?? in. Ter
field.

CHILE

Peteroa - new fumarole field opened in January 1987, last
eruption in 1967, average repose interval = 27 years.
People at risk = unknown.
Tolguaca - Active fumarolic field discovered, previously
considered dormant.
People at risk = unknown.

Lascar - Brief but strong (to 15 km) phreatic? eruptions in
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September 1986.
People at risk = unknown.
Villarrica - Intermittent seismicity, snow and ice clad.
People at risk = unknown.
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VI. APFENDICES

APPENDIX I. -- Program History and description of pre FY-87
progress towards overall objectives.

The USGS/OFDA VDAP program has had three phases of activity:

AD-HCC STATUS (FY-32 to F--24) .ppro.imately 20 % of the
eLip-. t required o - tie pr-.e . - ,rc d o.- de eIoped
17 Lth tn ; , .a - (c,arid aU--)c .- t . . e'--- ~dc'd rE reque tsc or
.:s ist,:ce t1 '.olCani ut-,e-t U-Uhi- i ai.',.. tim- ) arid Pap A
Ne..J $3uin ra (2 tie s). In a.d' tio., tt,,. rQL, ip:Tert a'd proJEct
-- L t ,'. eC Lu '3Cl ) LI J" '.-. _2 .fLN. L r -"L, &S iC
IIf' d t S a 1 A U a N ,3;'j Co i -A .. -n 1. Pro r . fut-:Ce? janl- fl- y ',
t ,_5 JSG. and U. S. Department of Sta't s S EIC /']FDA.

OFFIC'AiL STA TUS USG. F'C- :E'T (FY-< 5 86) -- Dur ing thi-a
period, the pruject operated L,ner restricted staffing and fund-

Ht.,j- Hu.ever, the equiJ ,mErit cache v.as brought up to about 35 %
of fL I capaci ty, princiaM I . I in th- catagor- a_ of deformation
V1oflitoring an d cafety eqi.ent. Iii addition, an ad-hoc team
responded to requests from the Philippines to assist PHIVOLCS to
monitor and provide hazard forecasts and evaluations during the
September-October 1984 eruption of Mayon Volcano. Also, an ad-
hoc team, supported by VCAT equipment, developed and presented
parts; of UNESCO-funded courses -ior volc..kno Observers in the Phil-
ippi nes, to students of the host country and from Indonesia,
Papua New Guinea, and Costa Rica. The project also maintained
liaisons with Papua New Guinea and Indonesia, while developing or
strengthening ties with volcanologists in the Philippines, New
Zealand, Australia, Japan, Colombia, Chile, Costa Rica, FranLe,
England, Germany, and Italy. VDAP was almost totally occupied in
FY 86 with the training of a new volcano observatory, and re--
placement and standardization of the project's ecuipment cache
uSeJ to establisah the observ.atory following the catastrophic
eruptlon of R u_ Volcano, Colotbia, of ilovember 1985. One YCAT
rembe; a:-,d VV7,T equipment ai--so a-sisted 1n the e:-uption of Augus-
tin, E vola.n io .lasI:a in V . In adxition, ;u,-,ding in r.ta-
ti vF-s wFr- e expl ored with UNiESCO, .e ho Worl d O-ganl z at c, c f
Vol cano -bservaturies (WOVO) , and L'SA I ")OFr. to obtain the
staff i ng and operational slo por: t,qi '-ed to complete the
objectives of the projeLt.

OFFICIAL STATUS USGS/OFDA PROJECT (FY--86/87) -- The project
obtained co-funding from USAID/OFDA in August 1986 in a program
called the USGS/OFDA Volcano Early Warning and Disaster Assis-
tance Program (VDAP). With this new arrangement, direct rela-
tionships were established with volcano hazards and civil defense
groups in Colombia, Ecuador, Costa Rica, and Guatemala and
various types of training was given to the volcano groups in
these countries. Working arrangements were also developed with
the United Nations Disaster Relief Organization (UNDRO) and WOVO.

33



A major accomplishment was VCAT's major role in establishing,
equipping, and training a new volcano observatory in Colombia.
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APPENDIX II. -- Objectives of the USGS Volcano Crisis Assistance
Team (VCAT) Project.

OBJECTIVE 1 -- Maintain a small core team with experience in
methods of volcano monitoring and hazard evaluation for the
purpose of rapid response to volcanic activity when
requested by domestic and foreign agencies.

OBJECTIVE 2 --- Fro.iide dssis rc, in etkblishing base-line
rio:-,itor s i0 1' S2(-0 ' .3 WJ-t?n r qL eS- Cd t, domest1c atnd -or ei -:
agenc ies.

CBJECTIVE . >i-,tai. arU -Jevelol-) a. portabl, but state-cf--the-
requPment se that the team can

operate at rna-.ir mtm h C t i Oll 1 capacity during res~ons_.-
ef for tc.

OBJECTIVE 4 -- C:-cate :nd ;aintair a computer file and map-photQ
librar;, of cLQrrently- ictive and potentially-active volcanoes
of the u, I d.

OBJECTIVE 5 -- Teachi courses in the basic skills of volcano
monito-irg and hazard e.,allat ion, to U.S. graduate students
and professors and, more imaortantly, to technically-
qualified candidates fr-om countries with active volcanoes
but little ca .bility :n v\,lcanol.o)gy.

OBJECTIVE 6 --- Establish and maintain political and scientific
liaisons with graduates of the team's courses in order to
facilitate rapid and logistics-minimal response to emergency
requests.
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APPENDIX III. -- Summary of 1986 USGS Work Plan for VDAP;

Budgets, Objectives, and Tasks.

PROJECTED FY 87 USGS EXPENDITURES

SALARIES, BENEFITS PAY
PERIODS

VJLCAN _P GJET GSEI4 26. 2

SEI 5V IS T 3E 2 .2

S 'I: O 1 ' . . .. ... . .. .. ... .... .... .. ... ...... 0 r;

SE I5M71C? S5TEcKUIM 5DEF S-N G 1 -.]-E EM T
SBTO..TAL .................................. 25.0

EDUIFPENt' AI',Z 3U'VLIES
SEISM:C SYSTEM
DIG0T'L TELEMETRY

SUBTOTA'L........................................ 25.0(

OVERHE . .. .................................... 72.

TOTAL ...................................... 217.0

------------------------------------------------------

PROJECTED FY 07 OFDA EXPENDITURES (per actual PASA)

SALARIES, BENEFITS PAY
PERIODS

DEFORMATION SPECIALIST GS1 26.2

ELEC./SEISMIC TECH. GS11 26.2

COMPUTER SPECIALIST GS 11 26.2

SUBTOTAL .................................. 85.0

CONTRACTS
SUBTOTAt .. .................................. 20.0

EQUIPMENT AND SUPPLIES
SEISMIC IYSTVM
SUBTGTA. . .................................. .'a. 0

TRAVEL and F'ERDIEM ........................... 2.3

MISCL. AND EXPENDABLE SUPPLIES ................ 10.6

OVERHEAD ................................... 79.1

TOTAL ...................................... 277.0

* Including but not exclusively for funds for the

Smithsonian [ADDED NOTE: * indicates authorization to contract

all necessary sources for database information, including

translation, data entry, database modification, map/photo

acquisition and compilation, literature searches, etc.].
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APPENDIX III. -- Continued.

OBJECTIVES OF THE PROGRAM

OBJECTIVE 1. Create and maintain a database of the high-risk
volcanoes of the world that can be used assess the potential
volcanic activity that might threaten populated regions.

TasI. .I: ,t:cqui;-e _o.AT ,e, har'!-ar-e and :0o t 0af e 0.
high i s.. (_1cav, o dat b.- .

Ta k 1.7: C mpi f r- d-ta .e . . 4 pc-rtiirent informatic.n or,
- Lup t jn i -t o l e -. , curr, nz oc a se:. £. L city, and other-

f .. C t o ;- .

Ta iL '._: ,CILL ire mapc and photos o potentially
active volcanoes.

Task .,4: CC.o,-dinate with the Smi thsonian Institution's
i. jent i f, - A lert Networ k (SEAN) and WOVO iII the

A,.quisiti,-)n mrd sharing o-: data.

TaskI 1.5: Analyze data And provide periodic assessments of
location, character, and likelihood of future volcanic
E.r ipti ons.

Task 1.6- Advise OFDA on requests made by foreign countries
for assistance in monitoring potentially active and
active volcanoes. The nature of the assistance is
c:overed under Objective 4, discussed later.

OBJECTIVE 2: Form liaisons with international agencies and
providi= technic,. assistance in eruption early-warning ane
hazard mitigation and in volcano-disaster preparedness for
aerbe, o{ app: gpriate nganizations within participating

connirltr i es.

Ta'. ?. I s tab I i sh l i a sons i-i th representatives uf
p-inzipal gcoscience i nstituti ons in selected Central
and Suuth Amikrica:n and Caribbean C our!tries.

Task 2. 22: Work in couert with country representatives to
develop regional volcano hazards mitigation centers in
Colombia, Ecuador, and Costa Rica.

Task 2.3: Provide technical assistance in volcano hazards
monitoring for Central and South America and Caribbean
scientists.

NOTE: Line item funding was not provided by the PASA
for Task 2.2. Thus progress on this Task will depend
on success in developing host-country and multinational
funding for these activities on a case-by-caste basis.
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APPENDIX 11. -- Continued.

Task 2.4: Conduct seminars and/or workshops, and generate
public awareness programs to transfer knowledge on
volcano disaster-preparedness measures to local
government officials, emergency-services and medical
personnel , and ut iI i ti es represe'itat i ves.

N-TE; > t!_-0.m ;tu:;,i;.j uai I, pro',ided by the F'AsA
{ cr T..sk 2.7. Tt'u, rt.cres.s on this Task will depec

s. ,,.1,-st . op~ nc host Cuolutry and multinational
.,nc i,,g ,.tis a{iiv. i Ce on a case-by-case basis.

7:, _ wnd mjinfain - d cicateu scientific
OCL i pr.eIt (:Ace for rapid, -safe, and resp nsible assistarce
in voC1 , nc g~ 3XC, b'-

Task .1: C'nmplete I.he Acquisition of the VCAT equipment
Lach e in a phased year- -by-yea r manner. The caihe
,:on13ists rf equipment in the iollowing areas:
=ei-=,ic r a,;Dito, Ing, (2) def ormattion monitoring, (.j
v.isual and geologic monitoring, (4) safety equipment,
(5) sLIppor-t equipment, (6) data processing.

OBJECTIVE 4: Use the VCAT personnel and host--country volcano-
logical expertcs (a) to estabi ish baseline early-warning
seismic and deformation monitors on identified high-risk
volcanoes and (b) to provide emergency response during times
of crisis, particularly in Central and South America and the
Caribbean.

Task 4.I: Establish agreements with Central and South
America and Caribbean countries that have high-risk
volcanoes, to enact volcano-watch criteria and to
facilitate rapid, duty-free importation of VCAT
equipment diring tim,2s of crisis.

Wit :.he tuLt,u rence of OFDA, USGS, DO embass-
ies, an-d by invitation of the host government, conduct
cL, i fl] C a;d Jeformatl on moni toring orn high-risk

'volcanoes that have short recurrence intervals or that
show signs of possible eruption.

Task 4.3: With the concurrence of OFDA, USGS, DOS
embassies, and by invitation of the host government,
deploy the VCAT to provide critical monitoring in the
months or weeks prior to a volcanic eruption. Such
monitoring is essential to attempt to quantify the
time, place, size, and type of eruption and to enable
local officials to provide accurate hazards alerts and
timely evacuation advice.
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APPENDIX II. -- Continued.

Task 4.4: Assist the host government in interpreting
volcano monitoring data to make emergency decisions
regarding evacuations of populace, escape routes, road
closings, etc.

Task 4.5: FrcvidE data to assist the early and safe ratLr:-
..... e e r.ut d popul a.ce to ,ir. .r ize the dis...i Jr

oid e:.3 3: i.- the post-eruption per- iUJ.

PROJECTCr: QSHFHEDLE .,F FASA fCTIVITES -- FFRCT YEAF

To identi fy and bnrin c.n Loard the reTainrn.; members of
the crer team ('v'CAT."

o ''olc. og cal Seismologist
o Deforxnation Specialist
c Logi;tics Technician
,D Eleztronics/Seismic Technician
o CompLuter Specialist

(NOTE: 'Program Chief and Volcanclogist, Norman Banls,

established prior to the FASA Agreement).

2) To purchase and develop the equipment needed:

o To provide an adequate seismic system
o To complete the dry tilt system
o To perfect the digital telemetry system

3) To begin a computer database system on high risk
volcanoes in populated areas of the world.

NOTE: This should have read "To begin an in-formation
and database syste,,i includirng computer databases
on high risk ........ "

4) Tc provide OFDA with a prelimiinary assessment of the
activity o-f the high- ris volcanoes.

NOTE: This should have read "high-risk volcanoes of
Latin America and the Caribbean"

5) To respond, if necessary to a volcano crisis.

6) To coordinate activities with the interagency early-
warning groups, UNESCO, and WOVO.

7) To conduct a regional workshop and meet with staff of
the volcano studies centers in Colombia, Ecuador, and
Costa Rica to discuss development of cooperative
international programs and existing disaster 'mitigation
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APENI IV Lis of -te,'ak of '4,1

PAS QTR0007 47

TASK' ~~~~ ~ ~ ~ 41 11 Etbih 11 ananinoeainl raies ,

'~~k T 2K"47 Establish iand mai~ntain in operatoa raie

dediaed bylcpre qualifid eqimn ahefr ai,
delymn tecn' us ssistolanc mee s in Lai America'c-I' ''

TASK 3 2 Presabli a n aa-ntaini cmrhnin e dpatabases (hiad in.s'f 1

a] da.ta, maps, on-site .Measure~ment) o0n 'the: high-risk .,ol- W

canoes in the Latin 1Amtr ican regio,,,suitable for use~ i nassessing potential Volcano hazard activity and threat.I

TA;K 4 ()--Establish tech'nical and disaster managementliarson I

with appropriate host country "officials, institutions,:,A~
a g enc i l E associated with Volcano emergency, evacuatiol?~
pl anni rgc and pre:paredness, cri s is man~agement, and :vol'cano~

mntrn. Maintain similar liaison 1,with1 apropriate ~&international institutions (WOVO, UNDRO,. UNESCO,. OASI'41-D

NOTE: 
'1

'a' (*)Command authority in. civil' disaster:' management,, 'mi~t;-~11
g t1-nd7a~-de -ac at io n planning iAs,,,not. part 1o+ theeII ~~~scope, expertise, and responsibility, f the L S~hr'l

than in the limited'context of corintn % ' -iV
I deens an reiefagencies' in 'the1 W:interpretation of

',hazard evaluations and eruption foeatn.-.Thi'1 
'

Idistinction was clarified orally (Sep ember%'496 afid
i 1- W7i ting (October1 19(6,;, an5 "February 1,9e7)1with~ AOFDiAVs Pa~lB f *rutmpe. I,41'44

ASi(' 5--Provide ongoina technical ani'ageia assistnce~ in1'

suppot ofregioal cntersf orvol cano' ,haz ards ,anal ysi E''7-monitoring, mitigation, and, prprnssn, C ~b'a'" -Ecuador, and Costa Rica, incoopertowiha'opke
Ilinternational organizations and 'other> donors, .-. in, order to 'I ~~~~~~~~~~promote itrgnyoprto n~uul:LYhne6f'aa

technical-assistance,, andmitiitin methdlogis

TASK 6 -- ,Implemeit'-ll ,detailed-1tasks, as ~ in ,~ Ie' 4

Volcano. Ear'ly-WarnxiLng;Disje Assistance, Progr7am AV DAP)1 >
NI19862US6S Wok'Plan41(p' 12-19 and ,Scheidule 'of A(:t3 itie

Nlpm t'1'~ a n~' teragency 
I I I' 1/dev lpnnt1 f Vol can aly-Warning-Disaster,W

1' IAs~istane2Pragraj CYAP)with emphasis n.Cent ,al, and "-.Southl 1 I
SI ' 'Amr i ca' and avil1Ihe'-2 Caribbean, tranmit-4.n. yD..JbIRus sI May , 2 8 ,1 1 9 8 61 letter 4 .2 l ~A D~Dvd~

T~L 
41 * 4 1



APPENDIX IV -- Continued

TASK 7 -- Stage I improvement of volcanological capabilities of
the Instituto Sismologia, Vulcanologia, Meteorologia y
Hidrologia (INSIVUMEH) of Guatemala to take place August 67
through December B9:

a-- Prcvide p; e: n ary, ha -ird1 maps cf F,uego and
3_,nIi , . : _-3 at M7.:- i , Vol canoes.

b Ul:,g; ,cIE. t,- -i :-ir lc SUrvoi1iilance of the I targeted
IcJ:,c_, by :-: dirr-ction of existing telemetry a d th;_-

puv::--...,~ Cf 2 por tab [c' kinf ts.

A'- Estab, s T, l ie lut us--ful capahi I ities irn defcrmat - i1
,M rli tc : .

d - Establish Iirilted but useful real-time deformation
monitc ring at the 4 targeted volcanoes (Fuego, Facaya,
Santiaqk.,ito, and Tacana).

e - Provide i basic qeology kit for geologic studies.

f - Provide a basic geochemistry kit to monitor hot springs,
condensatc's, and the health hazards nf ash-contaminated
surface ..iaters.

g - Provide the basic necessary reference materials.

h - Provide basic training and support required to service,
operate, and interpret the new systems.

NOTE: This Tasl: was added in August of 1987 under separate
funding -roti USAID, Guatemala, as administered by OFDA



APENI V' Descr pto of 4 V44 P's Se 4r4
4  

c4 Syte in FY i 07

Raioteemtee sesorah"yse. Al copoens f44o a~;

4i-sato 4ado*eeLtee~esorp 44wrkwr 'order ,

an4eevdi Y3. Altecmonnsecp -sy 'portable' ~
sm gr phs.we 4- rc 4sd--i-h V A -- 4o ec -7o e - -i'e e -V4;--.) -,

equivalent~~~~~~~~~~~~~ sesorpsar nla rm h rnho Sililq

APENDIXn an. Descraipton thfe seisorp System Syote ineFY8rture

4 ix-taion r aio of a dt& badses onvlao4),tdslSI
& Cm 1itrtr crho ographc nesmorkt 4related to

and -reciv edc t int .wsb2 nF8 FY87. th~he'ooe gol o 2cpsixd4pot'abl t

tpelo a omplemet ofha ar habigr pfeuphae actvity. The
houbsewasn". ya th litera'tre cotie yte cniberi atcould Tr'b e

L Usipmr in ases te erpto daystia duound a volcan ~crisis aiG Fed
tesing adqAd,- incAragin fth shistoseap beystdemoe bypat-Lu
..rhinstale to hou r cprentlyor une way.civty

Conestd fofn som uiabseu aa u ons mocno3any istaceso
se4.ismtic activitertvlce haut- wearre vocnc foisme by top-

So s'2veausevit ofs theq Fi8e ragwfithtemenoal coeienin to e
ltypes ofruction it d ththae haringer ofngn erpie acivn y 4hehon was that thdue liteaureor contasie ateicriteria that~ol 4 b~

possibl to o se muctheruption potentia duingte a e vcatirisis, to
deeo soeund: stanstticnalsc moaes thaod bein deflped better.
aredictales to acrdi sieurtiony Istead' acti' e necessar

tha seisi gctivit a volcaoesin thatwe noat~ fand~ byhe .rupor
ins groescanuse o th.1enwide rtne oft instueta ovierageify

lcarmnc rutonsr and thenraiuou chaungin viewstion ths rehedto

caniss thayi poucet prcfrsom RusizVolc actiioyobia, inoictel:
possibleto'usetmchftbe csesi dat inthfequery t an~m

Ldveop sthn tatisica moesphtordeuetie 4 orbtepredictionse inacrss riutintinsteyadfe ito sperc hecesay,
that Vcase getre ror dirrngys theubetw ond, soterebtendtr-)
tng gous can useoe toca sertdehs.dat Nvreles' toie.Rirsut

soure ecismahste seifictyes ofui sismadequntse For 4uren7'U.
euto hfronicatinor but citis groundbl vibpratiionis reatd t

Thuse nearsr -bega mi mnt of8 mama gassves ~, 'orta gIun e4waopter -;-'
carefu daalysqisitq{ ~andfrom Rui- Volcanor Colobia indicts-

se m ntok Th-sstmi chage a l thfeL ny l'n-, 119JA UtOM44 t, ~
event pickn, th location, preadderuptis by a feWi, tos svre ours dat
that causbes trempare& i'curref the i,ubeuto' some ebgae ofd ~

r rec se ofu hort icalfo e s tis'.,,Th s- ver te ss thesrib edu~s
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anlyissstm.A-e s'eal onth':i iso~g ailng'eah, 's;<ku-. ,¢?,sio sfo r SG g ou s tar M: e n oi- P;ark. , ..:a jo ed o ce ,to impIem

" . events.: he t, main g oals are (1) a: 16-cann,,eismicqda a t

acqisiio s /ste tha pefrs eltieo .aa

-0,fnan rO~ps tis ffot 'rethe."icroear LC
.... . a , %...., s Group, and V , .. The A k etwo, Gr u 

"--i7i.v ol t,,d 
7l 

b-l have no'' 
"'o- f ; t I -. E:-!: : p pr- C ) ,t The f ourt£h g-OLLp :i s :act ive I: -' pro~grammin g PiEC'?s!:) Lo~i:::.... . ; a n a lty z e - a v e fo r m ,d a t a : c o l lIe t e d . , " ..i t h e i r r! 'G O ES - s t e ms .:i : S o. f t w o::. ; d e%,e :oped by the GOES /Group .!wilil :be indir:ec tly :Useful t o::t V:iDAP:th, nogqh av,.i abi lity of programinl~g:' te h i u s a d a p i ablei

... .... * O u t s i d e t h e U S G S , o t h e r :g r o u p s :a r e w o r ki n g t o 81d e v e l o p :i!: .ii:: ' : :seismol ogy: rel ated :program5.::< For example, ysome of ::the :softwareS on wavefottm analysis wilcoefothUnvriyfNva.

. "O.V AF' contributed .$ 13K on an IBM P ,SI/ -80 3:.2 bit s s e V A

'2' 
7:;: 

..: r p rt ) .. . .. ; , B .. .. . .

pr p rt ) and about $3 6K on .salary and support t ko * the progr ammSgroups. In return, ;iVDAP :gained us f w -BM/AT',s hd::,:' :':?

7..... " ...... ......... ~ ' .......

,,peri pheral s worth a4ibout: $14iK, ii~and whgat will amount to :'a{i n s o t w r d e v e l o p m e n t ." 0' ' : ; , ; ; -: : .; : ': : : ; 4 :.' ~n rEhe IB M /AT : ss t em : was c .€hosen f:}or::. the f rs e i on of the::

':::.:);i all, in develop ing c(ountries, ( ) ::both -the :P.S2 t!{ echnol gy"n" :i: :.:d e v .: op m e n ts i b y .in d e p e n d e n t:( P C -d p nd e n t- c om€ dp :' +< ? ;*  x +::<:a n i e s , a r 1,iel
• .. . .. .. , o w e , .., i n t h e F*C =. < C u r r e n- t l t h e ::ii I B M / P -3 2 p rl o c e s s e s d. t c a.:.abOLit I( I t..imes the speed o-fth A and ill ep ace bo h A 's athe operat ing systemsp r omised by IB eoeaalbe-

{~~h wo AT system E w~iill d daa a :ianali:: s 'on-Li* : '+:<" ': : n in: near; i
raP tNi, Vpermtinue d.n >-  a

:::::iii*:i! un:i?:a doubtedly i!be :auto atedlas& reco nit on :of,th r t c l e s

.. T
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APPENDIX VI. -- Continued.

2) A preliminary edition of a short manual explaining how to
operate the VDAP short range EDM system was written and included
with the loaned systems.

) RFesponded to inquiries about deformation monitoring from
COEti fica, Eu,.cior, COILmi i&, Guatemala, and Papua New Guinea.

A fo _r w-2E --Iong volcano defczrmztion o-Jcri,-hop -J-. -',,Ln it
%(L..-o ..i. ., n in - [)c -,a l : te i F- ircl , D ---.h] : ( F. e p -%r - 1 : C I P'FI. 4 i f,), . '

Q Ii,<t.ala vnd c ta Pica zttanded Ei .11 as two p jop. .
i u ir.- ') . The .o i.;iop wa.s a nrind,-.-on tr . nirg wn, L,.;-,op

ii: rP c,r - ,d r &tc, t2e ba u tine d.-ta ga:.heA nC- zrip t(- EC ua.Er
.-.e bei .. ur e AV'F'FN' X 4or a summmary if VDAF ,cti it .':

BASE!.INE [,TA GA-,HERI:NG

Began deformation monitoring of volcances in Custa Rica
(Atrenal) , Guatemala (Ta-ana, Santa Maria, Fuego, and Facayal. and
Ecuador (Cotopax'i, Giagua Pichincha, and Quicocha).
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APPENDIX VI -- continued

VOLCANIC DEFORMATION MONITORING SYSTEMS CURRENTLY USED BY VCAT

PROJECT, UNIT TOTAL PRICE USE
YEAR DESCRIPTION MANUFACTURER COST COST CODE CODE
PURCHASED ITEM VENDOR 1:Actual E:Expenda
U:USGS 2:Last PO L:Loanabl
0: FC' HAVE NEED 3:Estim. P:Permane

EwrKT RANGE E"W s's;s

U '1 6 theoccIre/trbraa: W!LD/NESCO I I sL,9,5 SLiia I L
U Eb .at 10on C. 4W:LDINESCO 1 4 53,995 S3,995 I L
U 86 Citation batteries WILD/NESCO 12 12 S215 S2,580 3 L
U 86 Battery chargers/miscl. $500 3 L

# Three short range EON systems on loan to Guatemala, Costa Ric and Ecuador.

LONG DISTANCE EON SYSTEM

U 86 Ranger SA EON CUBIC PRECISION I I $24,500 $24,500 2 P
U a6 tribrach, heavy CUBIC PRECISION I 1 $995 $995 3 P
U 86 Tripod, HEAVY CUBIC PRECISION 1 1 $1,025 S1,025 I P
U 86 battery, 12 vdc 2 2 $70 $140 3 P
U 86 battery box PLATT ELECTIRC 1 2 $28 $56 2 P
U 86 Cable set CUBIC PRECISION 2 2 $90 5181 1 P
U 86 Back pack CUBIC PRECISION 1 1 $174 $171 2 P
U 86 Repair kit CUBIC PRECISION I I $100 $100 1 P

I Long range system weighs over 75 Kg; should be replaced w Wild 01-3000 system that
weighs less than 5 Kq.

INTERMEDIATE DISTANCE EON SYSTEM

U 85 HP 3808A EON HEVLETT PACKARD I 1 56,000 $6,000 3 P
U 85 tribrach HEWLETT PACKARD 1 1 5300 5300 3 P

1-7000 DRY TILT/LEVELING SYSTEM

U 86 T-2000 DIGITAL THEODOLITE WILDINESCO 1 2 $17,995 $17,995 I P
U 86 I-5 WILDINESCO 1 2 $9,195 $9,995 1 P
U 86 extra DI-5 battery WILD/NESCO 1 1 $215 $215 1 P
U 86 quickset tripods NILOINESCO 3 3 $166 $497 1 P
U 96 plumbing pole WILDINESCO 3 3 $176 $527 IP
U 86 GPHI reflector WILOIWESCO 3 3 $250 $750 1 P
U 86 lostrumeat tripod VILDINESCO 1 1 $225 $225 i P

17



APPENDIX VI -- costimued

VOLCANIC DEFORMATION MONITORING SYSTEMS CURRENTLY USED BY VCAT

............... ................................--------------------------------------------------------------------
PROJECT, UNIT TOTAL PRICE USE
YEAR DESCRIPTION MANUFACTURER COST COST CODE CODE
PURCHASED ITEM VENDOR 1:Actual E:Expenda
U=USGS 2:Last PO L:Loanabl
O:OFOA HAVE NEED 3=Esti. P:Permane
------------------------------------------------------------------------------------------------

CLASSICAL DRY TILT/LEVELING SYSTEM

U 86 NAK-2 Level WILO/NESSCO 1 1 $1,995 $1,995 I P
U 8b Micrometer WILDINESSCO 1 1 5875 5875 I P

2 Precision rods WILDINESSCO 0 2 $2,195 $2,195 3 P

en Rods to be purchased in FY 88

REFRACTION CORRECTION

U 86 Ultimeter PEET BROS 5 5 $119 $537 1 P
U 86 temp. sensor cable PEET BROS 5 5 115 $is I P
U 86 temp shield CLIMATRONICS 3 5 $100 1300 3 P
U 8b altimeter, Thommens WAREHOUSE 2 4 $115 $315 I P
U 8b binoculars WAREHOUSE 1 3 $200 $200 3 P

REFLECTORS

U 86 Reflectors, permanant LEWIS + LEWIS 72
O 87 Reflectors, permanent LEWIS + LEWIS 28 $83 $8,300 2 E,L
U 86 triclusters, retroray v/adaptor LEWIS + LEWIS 4 4 $135 $270 2 P
U 86 tribrachs for reflectors WILO/NESSCO 2 2 $355 $710 2 P

BENCHMARK/PRISM INSTALLATION
U 8b Hammer, drill PORTLAND CONTR. SUPP 2 2 $346 $692 2 P
U 86 batteries A 4 $74 $119 2 P
0 87 Rock Anchors PORTLAND CONTR. SUPP 100 $3 $283 2 E
U 87 EON Benchmarks WAREHOUSE 50 so $1 $71 1 E
O 87 TiltlLeveling bemchmarks PORTLAND BRASS 94 It $ $939 I E

DATA REDUCTION SYSTEM

U 87 TRS-80, computer tAOIO SHACK I I 511 1500 2 P
U 87 TRS-00, prieter RADIO SHACK I 1 1153 1150 '2 P
U 87 TRS-1I, dlskdrive RADIO SMACK 1 1 $i50 Ils ..P
U 87 TRS-10, svpport I supplies RADIO SACK I M1e0 1111: 21

'/8



APPENDIX VII. -- Description of VDAP's Digital Telemetry Systems
in 1987.

Telemetered tilt

VDAP acquired three (current inventory total = 4) Applied
Geomechanics precise (0.1 microradian) tiltmeters and one Sperry
10 microradian tiltmeter in FY87. Si:t USGS-designed digital
telzmetv .,fc-rs werz zonstructed arnd fitted with radios,
;eath2r : Ja.;es, and solar char jirig backup. Currently 4

tiii.?ters ar e tested anC packed fot i nstant departure from CVO
(p1Lu 3 one hack ;p tel emetry unit and 2 cominter-receiver base
st.- Lo;-1) . Thu fiftn ti Itmeter, te'er'-tn y arid computer base
staLi on is on 1loan to Guatemala to mo-,itor Fwe-go volcano.

'DF'J s L7i/tz to repeater stati :n- in FY87, with radios
and solar charging. These can be used for either seismic or for
th* low-frequency digital data acqUisition.

VDAF's major effort in FY87 vjas. a c5(11aboratve effort with
CV0 Ar, develc,)ing the ne;-t generaz: iix of tel emetry. This new
telemetry has "smart" logic and allows two-way communication:
(1) data transfer to the base stations, and (2) ability to error
check, trouble shoot, or change acquiisition parameters at the
field unit through computer commands from the base station. This
new smart-telemetry electronics is the core of the mudflow alarm
systen being developed by VDAP. It is also part of our repeater
system. Both the old and the new telemetry systems can be used
to acquire other slow-data-rate information such as fumarole,
crater lake, and temperature data when sensors are acquired or
developed for these tasks next fiscal year.

Tool Cache

To develop and service the growing electronic and telemetry
capabiities of VDAP, the support tool/instrument cache was
augme;vited by several purch:AE.e_ in FY 87. In addition, a library
of .Eeeasay r , -- , i:aals ari techn: cal information on the
monitoring eqjipment was acqUired or developed.
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APPENDIX VII-- continued

MAIN AUX SUB
VCAT VCAT VCAT VCAT DESCRIPTION RES- REPLACEMENT
NO. SORT SORT SORT ITEM LOCATION COMMENTS HAVE PONSE COST G-NUMBER

TAKE

EQUIPMENT-ELECTRONI!C T:',

tsee EQUiP.-DEF.-TELEM, TOOLS;

radios

V87-Q!l TELEM PAOIO NEWPU 01F Procraotab'e -adIo 1 $J5.00
V87-069 TELEM RADIO NEWPU HF tranceivers 10 135.95
V8b-09 DEFOR EQUIP TILT UHF programmable radio I $2,588.00
V86-139 DEFOR EQUIP TILT UHF rcca,,ta e radio h $0.00

wh:p anter.

P87-022C EXPEN DEFOR TELEM Base staticn adapter kit 6 518.83
P87-0228 EXPEN DEFOR TELEM Antenna, NLA-406 6 $19.59

yagi anten.

V86-153 TELEM EQUIP A'VEN yagss 8 $159.80

anten. connecters

P87-023A EXPEN DEFOR TELEM N mate to UHF adapter I $6.79
P87-023C EXPEN DEFOR TELEM Solder N female connector 10 $5.35
P87-023D EXPEN DEFOR TELEM Solder N male connector 10 $1.80
P87-0238 EXPEN DEFOR TELEM N mate to N male adapter 5 112.45

telemetry umits amd boards

V87-O10 TELEM TONS NEWPU Tom's tolmm units a $1,000.00
TELEM spar. tom board I 800
TELEM smart tolm boards 15 200

40)



APPENDIX VII-- continued

MAIN AUX SUB
VCAT VCAT VCAT VCAT DESCRIPTION RES- REPLACEMENT
NO. SORT SORT SORT ITEM LOCATION COMMENTS HAVE PONSE COST G-NUMBER

TAKE

solar panels

VB-:2, DEFOR SUP' x scear oane.s I0 S7.C-0

lo fre:. c q. reeater quts

TELE4 svrt r'ter cuts 2 200

base station gea,

V86-I12 DEFOR EQUIP ETIL" vc:e, !-,0 iantoo 6 i265.15
V86-10? :EFOR EQUIP Cipmuri D 3 W9.00
V86-216 DEFOR EQUIP TELEM TTXpress printer 3 $135.18
P87-032A EXPEN ETILT NEWP TRS-60 mod 102, manual 1 S15.00

VCO/Oiscriminator pairs

VCO: 680,1020,1360hz 3 270
Disc: 680,1020,1360hz 3 150
Disc: 3060hz 1 100

SEISMIC GEAR IN VANCOUVER

PS-2 seinograo, 3 L500
L-ic 9eoihorn 2 6 (

seismic Supplies in Vancouver

V87-110A SEISM PS-2 SUPPL Stylus, Smoke 2 $36.00
VB7-I108 SEISM PS-2 SUPPL Capillary ink pen 2 525.00
V87-IIOC SEISM PS-2 SUPPL Recording ink 2 $3.00
V87-I100 SEISM PS-2 SUPPL Recording paper 1 $100.00

TILTMETERS

P87-036 EXPEN ETILT NEWP AGI Tiltaeter-700 3 52,100.00
Sperry tiltmeter 2140 1 1000
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APPENDIX VII-- continued

MAIN AUX SUB
VCAT VCAT VCAT VCAT DESCRIPTION RES- REPLACEMENT
NO. SORT SORT SORT ITEM LOCATION COMMENTS HAVE PONSE COST G-NUMBER

TAKE

EQUIPMENT-COMPUTER

iti- !iL' P:MP; PP.:N, uFGK.; Tractor iie I $100.00
V67-0 C 0 40L' MONITONEWPU Amier Monitors 3 $W50.00
V87-060 CORPU DRIVE NEw j Disk Contro: er 1 $150.00
V7-Obl COmPL COMPU' N ;Lcs),:a 10I $1799.00
V87-07' CaMP S:5T 0 w ,$9. .
V07-O8 %WPU Z:r" j' Rk cro qu ~sc I$69.30
V67-103A COMPU SOFT UPGRADNorIon Ut,.,!p eS S0.96
V07-!038 COMPU S-FT LPGRA0ouble DOS I $35.00
V87-!13C COMPU 5";T UPGRADC: Progam. Worsho 1 S19.95
V87-09 OPERA AD4IN CO.PU Wood Pe''ect 1.2 I $183.15
V87-120 COMPU PRINT NEWPU 0iconex Drinter I $322.79
P87-012 EXPEN COMPU SUPPL Printer r '6on $0.15
P87-0OB EXPEN COMPU SUPPL Bornou!;i csis, 20 meg 3 $79.00
P87-010 EXOEN COMPU SJPL 0;ste::o box 5 $1.79
P87-019 EXPEN COMPU UPGRA Hara disk instal 1 $137.50
V86-151 COVPU EQUIP JOL orinter 1 $2,015.00
VBb-156 COMPU EQUIP Orchc accelerator S989.00
VB6-181 COMPU EQUIP Toshiba lap top $2,L81.78
V86-157 COMPU EQUIP 20X20 Bournoulli box $2,535.00
V86-175 COMPU EQUIP vacuum cleaner $9.95
V86-150 COMPU EQUIP Epson FX 85 1 S399.00
V86-164 COMPU EQUIP digitizer 535.00
V86-IS COMPU EQUIP Surge prot 1 107.60
V86-152 COMPU EQUIP POWER Cuesla power supply 1 $500.00
V86-143 COmPU EQUIP Printer 1 1179.00
V86-039A COMPU REPLA MACHT Comnaq+Boards 1 $7,512.00
8b6-0390 COPU PEPLA MACHI Cables serial 1 $61.00
066-0398 COMFU PEPLA MACHi Printer I $370.00

-039C COWP, oEPLA MACI Ca :es -ripter $58.00
jj_'I80 COUP SO T vC ,nterface 0 $750.00

'OUIPMENT-ELECTRONIC TOOLS

187-021C TOOLS ELECT NEWPU Power strip 1 516.62
167-020 TOOLS ELECT NEWPU Wire Strippers 3 $6.50
187-065 TOOLS ELECT NEWPU Leathermans Tool & $33.00
187-075D TOOLS ELECT NEWPU Knife 1 515.10
187-075E TOOLS ELECT NEWPU Eprom eraser 1 124.95
87-090B TOOLS ELECT MEWPU Torx Tool 1 519.87
17-092A TOOLS DEFOR NEOPU Bat term clean 1 $1.99
187-0928 TOOLS DEFOR NEWPU Hex Key Set 1 17.98
f87-092C TOOLS OEFOR NEWPU Hacksaw blade. 32 t 1 $0.78



APPENDIX VII-- continued

MAIN AUX SUB
VCAT VCAT VCAT VCAT DESCRIPTION RES- REPLACEMENT
NO. SORT SORT SORT ITEM LOCATION COMMENTS HAVE PONSE COST G-NUMBER

TAKE

EQUIPMENT-ELECTRONIC TOOLS--continued

W-F " F NE-.wPU H asa, 1 $5.59

V87-1 0'US ELECT hE P U Wattmeter eaemel' 1 S50 00
V87-!O0A '0OLS ELECT NE PU Freq Cou te . 558.00
V87-1ni; !00LQ ELECT NEWPU Lab Power Supoly 0 $0.00
V87-101C TOOLS ELECT NEWPU Capacitance meter I $i0.00
V87-100A TOOLS ELECT NEWPU Sine/Square Wave Gen 1 S!60.93
V87-100B TOOLS ELECT NE'i a U F S-snal GFr. I SI19.15
VE7-116 0. -U 5 '%- ... C Power 5u ply I i59.95

V57-. ! OOLS ELCT h i PU Eprcm eraser I $359.00
VE7-!07E "OOLS ELECT NE P'U N,btier too: I $9.97
V37-1076 TOOLS ELECT N~P U Hexadecima . '.m 1 $21.95
V5T-107C I2OLS ELECT 5,::: Connector, s 'dless 2 $3.99
V8b-167 TOOLS EQUIP vise, bench 1 $13.90
V86-117 TOOLS EQUIP X Oscilloscope and accessories 1 $1,1O.80
VB6-130 TOOLS EQUIP X crimper, tool 1 58.75
V86-135 TOOLS EQUIP tool kit mini 1 $18.20
V86-132 TOOLS EQUIP SOLOERsolder station 1 $79.95
V66-138 TOOLS EQUIP Watteeter 1 $737.00
V86-110 TOOLS EQUIP Tool Bags 3 $15.00
V6-C59 TOOLS REPLA ElECT so:der qun, !and 1 ;32.17
P87-0208 EXPEN DEFOR TELEW Probe I $16.95
V86-182 TELEM EQUIP power supply 1 $79.95
V86-126 TLE EQUIP X Bearcat Scanner 1 $160.00
VBb-168 OEFOR TOOLS Level, cross test 2 $22.50
Ve6-166 DEFOR TOOLS oer end wrench 6 S1.15
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APPENDIX VIII. -- Description of VDAP's Mudflow Alarms

THE VCAT MUDFLOW DETECTOR - PRELIMINARY

VDAP, with the assistance of CVO, is currently developing a
low-cost, error-checking mudflow detector. Perhaps more than any
system now being developed by VDAP, this is the one for which
there is the most pressing need and interest in all volcanic re-
qi l:n'. i t m world i i &!udi.,g Latin America and the Uniter Statoe .

Mid-flows are one of the majo.- causes of fatalities at
--:n1caoes 1i, 784). F r example, in 1985 mULdfloaw

from Ruiz V-cLcano in rol.rLi i kil'ed ove, 25,000 people, as fa-
f -, !h,= 'olc,:.n- 3s 4f' L cniy 15 minutes after initiation of thu
f 1 - . If) clddition, mudf cvj.- are a con, mor, cause of destructicn
and fatalities at non-erupting volcanoes because of mobilizatiof,
of loosely-consolicdated debris during periods of strong seismic
activity, such as the 19t7 earthquaI 0es in Ecuador.

The short leac times arid the high cost in li.vot resalitng
from l-ite alarr:s necessitate rapia ana reliable warn:ng systems
for mitigation of mudflow hazards from volcanoes. The warnings
should be triggered within minutes of onset of an event with
sufficient redundancy to ensure a high degree of confidence in
the warning transmitted. In addition, the sensors will often be
deploy,.d in deep mudFlow channels and thus need repeated by radio
to the base station receiver. For developing countries, the sys--
tem must be inexpensive and use technology serviceable by local
technicians.

The mudflow detector currently being developed at CVO is
designed to give rapid, error-checked warning of dangerous
mUdflows as well as to provide information on their velocity and
volume. The system will detect the onset of a mudflow within a
few minutes of initiation, provide redundant volume and velocity
measur-Ements, relay the information through a smart repeater to
the ba ;e staticn receiver where it is analyzed by a sall com-
pit te:-, v;hich in turn sets off alarc. giving estimated times of
arrival at population centers along the course of the mudflow.
Crosa-._-hec~ing abilities ana a high level of redundancy are built
into the system, which is design2d around a low-cost micropro-
cessor-based digital telemetry platform developed at CVO by Rich-
ard LaHusen, Water Resources Division.

The system consists of three major components linked by
radio: multi-fingered sacrificial sensors (2 each in a system),
the smart telemetry unit, and the receiver, which is either
manned or connected to an observatory alarm system. Simple
tripwires are used as detectors (fingers), inexpensive CB radios
as the sensor-repeater telemetry links, standard UHF radios as
links between the base station and smart telemetry unit, and
inexpensive computer-printer combination as the receiver/warning
device. All these components are simple to use, and are either
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APPENDIX VIII. -- Continued.

available in-country or of technology in common use by volcano-
monitoring groups in the United States and developing countries.
The microprocessor-based digital telemetry unit is relatively
sophisticated, but comes pre-programmed and set up for quick and
inexpensive repair by minimally trained technicians in the event
Of failLure. The basic sequence of events resulting from a
MfL d f 1 v--;w I fl 0 1 OW-4ii

. Th i r, b oard microprocessor of the sen-sor mcnitcrs each of as
man., as s: tr ipwires Lhousannds of times a second aad sends

r s to the ,smart telemetry U,-,it at specified nte:-vals
of c)ne t u tt-in mi nutes.

2. A fidflow breaks loose from the flank of a volcano and
couLrses dow'rt a. channel. Impinging on the sensor, the mudflow
breaks the first tripwire. This information is immediately
telemet.._red to the smart telemetry unit. When the second trip-
;irte is broken, this new status is also telemetered, and so crn.

3. Upon receipt of a transmission from any sensor, the smart
telemetry checks it for an identifying code keyed to each
tripwire, which uniquely identifies the originating sensor and
guards against spurious transmissions being mistaken for a
triggered tripwire. It also labels the data with the time of
receipt, and stores it. The smart telemetry unit listens -for a
short time to receive any other transmissions from the first
sensor that indicate the cutting of other wires (all within a few
seconds), labelling each one with the time of receipt. Next, the
smart telemetry sends the data back to the base station, and
returns to listening mode for the tripwire status transmissions
of the second sensor. The base-station operator can at this time
query the imart telemetr-y or either sensor package.

4. The ,ase :-tation ruceives the block of data from the smart
telemetry onit containing tripwir-e breakaqe times from the f irst

.- Isor. It has be-en in a wait mode, recording the per i di -
£tatLIs. repcr transmitted b'/ the sensors via the smart telemetry
unit. No., ;,oting that- tripwires have beer broken, it activate-.
a program v hich calculates the mudflow's velocity, estimates it's
volume and arrival times at population centers along the expected
path of the mudflow (using parameters previously determined by a
hydrologist for the specific drainage). This data is printed,
and if warranted, an alarm is issued to the printer, computer
beeper, and if available, the Observatory bell or phone alarm.
The base-station operator can recheck the alarm at this point by
calling the field units and verifying the status of the trip
wires and telemetry links.

5. The system then awaits confirmation of the mudflow from the
second sensor located 0.5-1.0 minute downstream. If the sequence
is repeated, the warning is reissued with a confirmation flag on

55



APPENDIX VIII. -- Continued.

occurrence, velocity, volume, and expected arrival times. Redun-
dancy and cross-checking are thus built into the system to pre-
vent false alarms due to system failure, tampering, and telemetry
problems. These features also allow polling by the base station
if a tamper alarm, unclear transmission, or an unexpected
seqiukence of tripwire status reports is recei,,ed. The operator
pW I ir, a .o.s immediate system diagno ;is, es.tabl ishes n.or"e
c_.nfidence in the syst em, reduces dcwn-t ic- e of the al arm sb it,-f,,
aiid makes it virtually impossible to hav' a syst2m brea,-dc -;jn
wi th ut+ the operator knot-jing of the *nal func:tion wi thin minnute..

VPAF'/C,-7 has a bench model of this mUdflow a'a-m worl irg a;ic a
p. ,ftoty'e in the fielc. A fully-operatic.ial f-.st-ditio:l- unit
is e,.pectud to be field-tested in the spring of 1938. The test-
mjdi ified unit, a' e e-iected to b r r eadv fo:- inco-pora.ti.:3n in the
ecIUipment :ache in ]ate summer or ear,, fail.

For -_atia , AAmer eiCar coLtnt-ie5, tile mud f l o d'tector II
provide a high level oi vigilance against mudflows at a I.:w cost.
The eszimated cost P,4 systems confiLured2 for use in Latin
American coutries is shown in the follows. CNOTE: If used in
the United States, FCC regulations requires more expensive radios
be used at the sensor locations, raising the system cost by some
1300 per sensor].

COST OF MUDFLOW ALARM SYSTEM
SENSOR UNIT

Microprocessor unit $135
CB radio, antenna 40
Case, cahling 100
Rat tery 30

SUBTOTAL -$305 (each)
SMART TELEMETRY UI41T

Mi croprocesscar u., it r-135
CB radio, anterna 40
UIHF radio, antenna 500
Case, cabling 70
Solar panel 170
Battery 60

SUBTOTAL $975
RECEIVER

UHF radio $500
Laptop computer 500
Printer 150
Case, cabling 50

SUBTOTAL $1200
TOTAL $2765 (2 sensors)
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APPENDIX IX. -- Summary of VDAP activities in Guatemala,
February-March 1987.

CHRONOLOGY OF ACTIVITY OF THE TEAM

Banks and Lockhart
2/5 - Travel to Guatemala

- Conferences at USAID, INSIVUMEH, CCNE
- Eqiip.ert czhe&'i.

- Inspection o- oiE,7oci-anS f C cjaya, Ta-ana, F.v-gc.

- Grourd inspecztircn of Jan. 87 eruption produi;cts of Pacaya
A Aen'al inspoc; i o: of Fuego and Facava
Ground i nspect ion c f Fuego

2/08 Suid.,y
2/9 - Driefed USAID Guatemala on state of volcan oes and

hazard preparedness
Field, preparation for installing tiltmeter,

meetings at IGM and CONE
2/ 10

- Preparation of Preliminary :'epcrt for USAID
2/11

-Finished Prelim:nary Report
- Began installation of Fuego tiltmeter

2/12
- nstallation of Fueqo tiltmeter

- Installation of EDM line Acatenango
- Installation of Fuego tiltmeter

2/14
- Installation of Pacaya EDM lines
- Installation of Fuego Tiltmeter

2/15 Sunday
2/16

Completed Facaya EDM lines
-- Installation of Fuego tiltmeter

2/17
- Bq-iefed LISAID cn prcgresn
- Nlor at IGM and -AS on obtainino &nd examining

topographic maps and aerial photos of Facaya :;id Fuego
Installation of Fuego tiltmeter

2/1
- Field work on Pacaya Hazard maps
- Completed Fuego tiltmeter installation

2/19
- More work on aerial photos
- Briefed USAID
- More field work on Pacaya Hazard Maps

2/20
- Banks writing/drafting of Pacaya Hazards Report
- Lockhart ill
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APPENDIX IX. -- Continued

2/21
- Banks writing/drafting of Pac.ya Hazards 

Report

- Lockhart ill

- Ewert arrived

Eanks, Ewert, Lockhart

2 /22-

- Travel and Site evaluations of Sntiaguito dome (Santa

Maria Volcano)

- ED." motri t-J. .rg and ha: aro eva uat o, of Tacano %olcarv

- Conference w ith lie..izan volcanolcgist5
2/24

Banks and E'je.-t

- EDM m--i itur ing and hazard eva!uation o4 7 acana .,:lcano

- Confer -.nces with Me>,.ican volclinologists

- Travel

- Lockhart, ill
2 /25

- Banks and Ewert, evaluation and deformation monitoring

of Santa Maria Volcano

- Lockhart, ill

2/26
- Banks and Lockhart, travel to Guatemala City

- Ewert, EDM monitoring on Santa Maria Volcano

- Lockhart, ill

2/27
- Banks

- work on the Hazard Maps of Pacaya Volcano

- meetings at USAID

- Ewert, EDM monitoring on Santa Maria Volcano

- Lockhart, ill
2/28

-- Banks, wori or the H,z rd Maps of Facaya Volcano

- Ewert, equipm-.nt upV.,-;:

- Lockhart, ill
3/ 1

- Banks, work on the Hazard Maps of Pacaya Volcano, also

other reports

- Ewert, development of training manuals

- Lockhart, packing

3/ 2
- Banks

- work on the Hazard Maps of Pacaya Volcano

- Recommendations to INSIVUMEH

- Ewert, measurements of 21 January eruption products of

Pacaya and improvement of Pacaya EDM net

- Lockhart, departed for USA
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APPENDIX IX. -- Continued

3/ 3
- Banks

- work on the Hazard Maps of Pacaya Volcano
- Recommendations to INSIVUMEH
- Final memorandums
- Debriefiig at USAI D, meeting at UNDF:O

- Ew-sert, estalii-nt at INSIVUMEH of analysis of
dofor- :atior, data at INSIVUMEH

- FBani, packing and travel to USA
- Ewert, deic:-xiation w-orl: at FueQc

>/ 5 to 71'/0 Ewert
- Deformation work at Fuego anc Pazctya
- Final details and In:;trctloC.ns to INSIVUMEH on deforma-

tior, mer i t o:"intl

ACCOMPLISHMENTS OF THE TEAM

- Inventoried sta4+ and e.quipment cf INSIVUMEH
- Inventoried .taff and equipment of Universidad Nacional

Autonoma (lexico, Tacana)
- Analyzed seismicity of 4 targeted volcanoes (Pacaya, Fuego,

Santa Maria, and Tacana Volcanoes)
- Site visits and reconnai,<sance analysis of Pacaya, Fuego,

Santa Maria, and Tacana Volcanoes
- Analysis of the 21 and 25 January eruptions of Pacaya Volcano
- Emplaced EDM monitor on Acatenango Volcano (I line, E flank)
- Emplaced EDM (2 lines) and dry tilt (1) monitors on Fuego

Volcano (E flank)
- Installed telemetered tiltmeter on Fuego, 4.5 km SE of

crater, telemetered to Guatemala City
- Emplaced EDM monitor on Tacana Volcano (two lines on Mexican

si d e'
- Eniplaced EDM .rnonitor on Pacaya Volcano (three lines, NW

flank)
- Empiaced EDM 2 lines) a':,d dry tilt monitor on Santa Maria

Volcano (W flart)
- Provided Preliminary E.,.,uationiRecormendation to USAID
- Provided Memorandum of Recommendations for Volcano Siudies

and Hazard Preparedness of Guatemalan Volcanoes to
INSIVUMEH

- Report and Maps of Preliminary Assessment of the Hazards of
Pacaya Volcano

- Trained INSIVUMEH staff in EDM, dry-tilt, electronic-tilt
monitoring

- Trained INSIVUMEH staff in production of risk maps and hazard
evaluations of volcanoes

- Developed with INSIVUMEH and USAID an outline of long-term
plan to move Guatemala toward independence in volcano
monitoring and hazard mitigation.
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APPENDIX X -- Summary of VDAP activities in Ecuador, July-August,

1987.

CHRONOLOGY OF ACTIVITY

7/15 - Begin travel to Quito
7/16 - Arrive Quito
7/17 - Briefing at USAID

- Bgn L.ork on locating a,r-shipped eqLlipment
7/18 -- Ground recon~iaisKa',ce of G3uagua Fic!,inzha t-;it,' Dr.

Hal i

7/19 -- Stnde,
7/20 -t USAI t/nl. to locate eqtLip,nf't

-- iet with Fe o :ail at SEoph,,si:a. ftit.tL of EF'OK.A

7/2 - G:-c-und reconn-,issance of Cotopo.;.
- RFodulfo Yafi der Latat, costa FicLa, and Oscar Forras,

Guatemala, arri %3
7/22 - F'lanned installation of deformation monitors on

Fi chincha
- Equipment arrived on evening flight

7/23 - At ESFONA .qith Pete Hall reviewing hazards mapping
done in Ecuador in 1986/1987

- Worked on getting equipment from customs
7/24 - National holiday in Ecuador

- Installed benchmarks on Pichincha for EDM instrument
stat i on s.

7/25 - Gave class on deformation monitoring using data
from Mount St. Helens.

7/26 - Sunday
7/27 - Conference with Patricia Mothes (Defensa Civil) about

risk evaluation in Ecuador.
7/28 -- Received equipment from customs

- Checked equipment and prepared for fieldwork.
7/29 - Installed and measured radial level line on

F'i chi ncha.
- it, stalled and read wide aperture dr-y tilt array at

summit oa [-'ichincha.
7/30 -- Installed anrd n.eaijured ECM line ci, Fichincha
7/31 - F:emeasured ED , line on Pichincha

- Atten.pted to read dry tilt again, bad weather
8/1 - Classes in volcano deformation monitoring.
8/2 - Sunday
6/3 - Installed and measured two EDM lines on Cotopaxi
8/4 - Read ESPONA dry tilt triangle on N. side of Cotopaxi.

- Installed and read wide aperture dry tilt on N. side
of Cotopaxi.

- Installed and measured EDM line on Cotopaxi.
8/5 - Installed and read two EDM lines on Cotopaxi.
8/6 - Read ESPONA dry tilt on E. side Cotopaxi

- Installed and read wide aperture dry tilt on E. side
of Cotopaxi.

6/7 - Installed EDM line on Pichincha.
- Read wide aperture dry tilt at summit.
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APPENDIX X. -- Continued.

8/8 - Ground reconnaissance of Cuicocha
- Installed and read EDM line.

8/9 - Met with Pete Hall and discussed placement of mudflow
monitors on Cotopaxi.

8/10 - Installed five EDM lines on Pichincha
- Work or) Preliminary Report for USAID
- Read wide aperture dry til L::, suormit of Pichin.:ha

0/11 Installed and read three EDMI li ie - on Cotcpa: i
- Installed and read wide ajet-Lure 0iry- Lilt on W. side

of Cotopaxi.
War k on Preliminary Repo! t I or IJsAIr,

8/12 Retd wide aper ture dry ti It an Cotcpa:. i bad weather
Work orn Preliminary Report for USAID
Mut. with Vern Ferdue I.A.G.S. regarding topographic

maps/air phcto coverage on Ecuadorian volcanoes.
8/13 - Met with Pete Hall concerning recommendations for

further volcano hazard mitigation wor k in EcLIador.
-Wat k zai Freliminiury Repo, t for USAID

8/14 - Briefing at USAIE on accouti)lishments of our trip and
presentation of recommendations for further
monitoring efforts.

8/15 - Packed for return to U.S.
8/16 - Final meeting with Pete Hall .=bout future work on

volcano hazards in Ecuador.

ACCOMPLISHMENTS OF THE TEAM

Cotopaxi
"- Site reconnaissance of Cotopaxi
-- Installed 3 EDM lines, north side
- Installed 2 EDM lines, east side
- Installed EDM lines, west side
- Established wide-aperture dry tilt triangle, north base
-- Resurveyed old dry tiit triangle, north base
- Established wide-ape-tttre dry tilt triangle, east side
- Resurveyed old dry 'A> triangie, east side
- Established "ide-apertLire dry' tilt triangle, west side
- Made site survey for midflow detectors

Guagua Pichincha
- Site reconnaissance of Guagua Pichincha
- Installed 3 EDM lines, east side
- Installed 4 EDM lines, southeast side
- Established radial level line, southeast side
- Established wide-aperture dry tilt triangle at refugio

Cui cocha
- Site reconnaissance of Cuicocha caldera
- Installed EDM line across caldera

Led volcano deformation workshop co-sponsored by the WOVO
Trained personnel from ESPONA in geodetic volcano monitoring
techniques.

Inventoried staff and equipment of ESPONA.
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APPENDIX XI. -- Summary of VDAP activities in Colombia, Ecuador,

and Costa Rica, fall 1986.

Banks, Harlow, Fisher

8/10-11/87- Travel to Colombia
e/12/87 - Meetings with USAID, Bogota, on trip objectives

- Meetings at IAGS, Bogota, to obtain topographic map
covterage of Col ombian vulcanoes

- Meetings at INGEUMIHJAS, inventoried their current
posture toward a;vd activities in volcano hazards

6/11/87 - Travel to Manizales
- Meetings at 0VC with Melyer and Parra (OVC) and S.

Williams (Univ. LOuisiana.) analyzir g the state o4
the volcanto and the state o4 thE observatory

8/137-19/87- Meetings and working groups on data, techniques, and
instrumentation statue, repair, analysis

3/20/87 - Review of findi- qs and recommendations with staff;
arrangements fcxr national meeting on Colombian
vol canc hazardd

6/21/7 - Meeting with INGEOMINAS, OVC, Univ. Calle, Univ.
Valle, and Inst. Geofis. directed at generation of
a coherent, long-term, and coordinated national
posture toward volcano hazards in Colombia;
political maneuvering by INGEOMINAS reduced the
anticipated scope and success of the meeting.

8/22-26/87- Report writing, more discussions with OVC staff and
administration at OVC and with interested commun-
ity groups; continued technical work with the
seismic, deformation, and geology groups; joined
by John Tomblin of UNDRO

8/27/85 - Travel to Bogota
- Meetings at the F'residencia with Secretary General

and assistants, General of Defensa Civil, U.S.
Ambassador , LINDRO and UNIF' representatives, and
RESUJIF (non-prcfit assistance group in Colombia)
representatives CClorhiai NS- oral presenta-
tions to and di-, c s ors ,)n Ruiz, OVC, national
activity and need,, in volcanology.

6/29/87 - Meetings at Embassy with Abassador, USAID, and
press; oral and written presentations to and
discussions on Ruiz, OVC, national activity and
needs in volcanology.

- Meeting with Counselor for US Commercial Affairs
Officer concerning VDAP observations of heavy
commercial interest and activity by Canada and
Japan in volcanology in Colombia

- Travel to Ecuador

62



APPENDIX XI. -- Continued

Banks and Harlow

8/29/87 Meeting at USAID, Quito, with USAID, Tomblin
(UNDRO), and Hall (ESPONA) concerning state of
volcanoes and volcano hazard mitigation in
Ecuadir-, planning for UNDRO/OFDA program in
volcanology/sti-mology with ESPONA

- ost meeting note preparations ano discussions
8/30-31/07- Field trips to Cotopaxi and Guagua Fichincha to

evaluate hazards and existing monitoring systems
9/D1/87 - Obtained available maps on EZuador volcanoes from

IGM
- Met with a.,d established working relationships with

I (',3S, Ecliador
- Meetings at ESPONA to evaluate and make plans to

,-ape with E-uadcrian v(Dlcano hazards
9/r2/Y7 Field trip fur brief site visits and evaluations of

volcano Iia.:ardc of some of the northern volcanoes
9/03/87 - Presented VDAP's evaluation of the hazards and

e;.isting monitoring agencies and systems to USAID,
Ecuador

Banks, Harlow, Dnukas

9/04/67 -- Travel to Costa Rica
- Meetings with Paul Bell (USAID) and R. Van der Laat

(OVSICORI) on volcano status, volcano hazards, and
capabilities in Costa Rica to monitor and mitigate
volcano hazards

9/05/87 - Continued discussion with Paul Bell and David Kitson
(USAID) on Costa Rican volcanoes and problems,
discussed McNalley and RET work on seismic systems
in Costa Ri.a

Meetings at IAG2 to establish working relations and
obtained maps

- Work at OSVISCORI on field equipment, inventory of
the monitoring systems at OVSICORI

9/06-10/87- Field work, site visits to Arenal, Poas, Barba,
Irazu, Turrialba; evaltated hazards and monitor-
ing systems, established deformation monitors,
trained staff in EDM instrumentation and techni-
ques

9/11/87 - Catchup on notes, meetings at OVSICORI on future
plans

- Meeting at USAID to present results, evaluations,
and recommendations of VDAP visit

9/12/87 - Travel to US
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APPENDIX XI. -- Continued

ACCOMPL I SHMENTS

Colombia

- Obtained all published and unrestricted maps available for
Colombian volcanoes.

Inventcried status of operations and needs of Observatorio
Voicanologia oe Colombia

Renewed liaisons with USAID, Defensa Civil, Presidencia,
RESUJIR, INGEODINAS, QVC, various universities

Established liaisons with IAGC
- Assisted rUpir of seismic acnd deformation instrumentation

and systems at OVC
Assisted analysis and interpretation of data concerning

RFuz volcano
- Presented VDAPF's analysis of the status of and needs at

Ruiz and OVC to USAID and Ambassador, Bogota, and to
INGEOMINA arid other national agencies including the
Fresidei: La and Defensa Civil

- Arranged and conducted a meeting directed at generation of
a coherent, long--term, and coordinated national posture
toward volcano hazards in Colombia

Ecuador

- Obtained all published and unrestricted maps available for
Ecuadorian volcanoes.

- Inventoried status of operations and needs of ESPONA
- Established liaisons with USAID, ESPONA, IAGS
- Assisted analysis and interpretation of data concerning

Cotop, 'i volcano
- Made site vi ;its to evaluate hazards and monitoring

programs or Cotopaxi , Guagua Pichincha, Cuicocha
V'ol canoes

-- Presented to USAID VDAFs analysis of the status of and
needs at ?SF'ONA arid for Ecuador in general

Costa Rica

- Obtained all published and unrestricted maps available for
Costa Rican volcanoes

- Inventoried status of operations and needs of OVSICORI
- Assisted analysis and interpretation of data concerning

various volcanoes
- Presented to USAID VDAP's analysis of the status of and
needs in Costa Rica concerning volcanoes
- Established liaisons with USAID, OVSICORI, IAGS
- Made site visits to evaluate hazards and monitoring

programs on Arenal, Poas, Barba, Irazu, Turrialba
- Established deformation monitors on Arenal Volcano
- Loaned EDM system, and trained OVSICORI staff in its use
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APPENDIX XII. -- Summary of VDAP activities in Colombia,
December 1986.

12/04/86 -- Meeting: P. Medina, C. Cadenas, A. Swan, P. Bell, J.
Tomblin, and D. Harlow, at the UNDP offices, Bogota.

Topic = Reorganization of emergency response procedures in
Colombi a.

Results: New procedures to handle natural disasters
were prepared by P. Medina. One goal is to have available
equipment and trained personnel ready to respond to the
early stages of impending volcanic eruptiuns. This grzup
woUld be responsible for providing informed assessments of a
vol1ano's eruptive potential to political decision makers.

12/05/87 -- Meeting: A. Swan, F'. Bell, J. Tomblin, and D. Harlow
met w-ith P. Lobo-Guerrero and F. Zambrano at the INGEOMINAS,
D~og-t a.

Top ic = Dr. Lobo-Guerrerc) presented plan undier which the
volcano observatory would be changed from a regional office
to a department within INGEOMINAS. This 1 good move
administratively, but all observers were concerned that long
term plans for the observatory did not include permanence.

-- Meeting: P. Medina, P. Bell, J. Tomblin, and D.
Harlow with Hans Meyer, scientist in charge of OVC at
Mani zales.

Topics = Concerns were hightened that the observatory was
not assured permanence. Current political problems of and
within the observatory were aired, and long-term goals of
the observatory were discussed. Bell suggested that the
long- and short-term objectives and resources needed to
accomplish the tasks be outlined and submitted to appro-
priate agencies inside and outside the government of
Col ombi a.

Rest of trip - work with seismic group at the observatory
evaluating progress, training, analyzing data, and develnp-
ing long-term plans.
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APPENDIX XIII -- List of deformation equipment on temporary
loan to Costa Rica, Guatemala, Ecuador, and
Mexico.

COSTA RICA - September, 19e6

1. 1 ea. EDM - Infrared Distance Meter "Citation 450", with
mounting yoke for T-16 theodolite, s.n. 513.

I. 1 ea. Theodolite "WILD T--16' s.n. 2,6.7-7 w/ tribrach.
. e ea. pr-isms

4. 2 ea. battery chargers with cables
5. 3 ea. batteries

EXPENDABLE
April, 1917

I. ea. 6 conductor phone jacks.
2. 4 ea. prisms

10 ca. bench marks,
4. 12 ea. rocd anchors,
5. 1 ea. measuring tapes, etc.

GUATEMAL.A - March 1987

1. 1 ea. EDM - Infrared Distance Meter "Citation 450", with
mounting yoke for T-16 theodolite, s.n. 813.
2. 5 ea. batteries for Citation
3 ea. battery chargers.
4. 1 ea. Theodolite "WILD T-16" s.n. 217012 w/ tribrach.
5. 3 ea. prisms.
6. 1 ea. AGI 2 axis tiltmeter, w/ temp., s.n. TILT00I
7. 1 ea. USGS Digital Telemetry system., s.n. TELO01
8. 1 ea. field case and cabling.
9. 1 ea. USGS Variabl Control Oscillator (VCO)., s.n. VCO001.
10. 1 ea. TRS-SC, Model 100, Tilt reciever computer., s.n.
3090058 9
11. 1 ca. Chipmunk disk drive, s.n. 5510
12. 1 er. TRS inxpress pr-inte , Model 120. , s.n. 1010933
13. ! ea. poWer supp 1 ', and cauli--,g
14. 1 &a. USGS discriminator, s.n. DSCR001
15. various manuals

EXPENDABLE

1. 30 ea. stainless steel rock bolts; mounts for EDM prisms
2. 10 ea. sets of misc'l prism attachments.
3. 12 ea. Tilt benchmarks.
4. 10 ea. Benchmarks.
5. 6 ea. prisms
6. various instrument manuals.
7. Various bolts, pipes, signaling mirrors, orange

flagging, star drill (1)
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APPENDIX XIII. -- Continued.

ECUADOR - August, 1987

I. 1 ea. EDM - Infrared Distance Meter "Citation 450", with
mounting yoke for T-16 theodolite, s.n. 615.

2. I ea. Theodolite "UILD T-16" s.n. 223969 w/ tribrach.
3. 12 ea. prisms.
4. Various battery chargers, cables and batteri-s

EXPENDABLE

1. 2C tea. stainles steel rock bolts; mounts for EDM pris.ifs
2. 10 Cea. sets cf misc'l prism attachments.

6 ea. Tilt benchmarks.
4. 6 ea. Benchmarks.
6. various instrument manualS.
7. Various bolts, pipes, orange flagging,

MEXICO - March 1987

EXPENDABLE

1. 3 ea. prisms
2. 3 ea. prism mounting hardware
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APPENDIX XIV. -- Summary of significant Letter, Phone, and Telex
communication with/by VDAP in FY 87

09/11/86 MEMO + EQUIPMENT to OVSICORI Costa Rica - temporary
loan of short-range EDM equipment for volcano monitoring.

October MEMO to M. Hall (ESPONA, Ecuador) - included design and
pricing of USGS 8-station seismic monitoring network,
considerable ai.iount of time involved.

10/16/86. MEMO to G. Sigvaldason NVI, iceland) - provided
requested evaluation and recommendations for 1.200,000 aid
to improve VC

11/13/86 LETTER D. Rojas (OVSICORI, Costa Rica) - provided
requested suggestions Acor UNA monitoring systems and
techniques.

11/18/86 LETTER to M. Hall (ESPONA, Ecuador) - provided a
solicited commercial 8-station seismic net design.

12/11/86 LETTER to E. Malavasi (OVSICORI, Costa Rica) -
Obtained and sent long list of requested information and
literature.

02/11/87 - MEMO to Richard Burke (MDRO, USAID Guatemala) -
described preliminary assessments of and suggestions for
action on Guatemalan volcano hazards.

02/14/87 MEMO to Eddy Sanchez (Subdirec. INSIVUMEH, Guatemala)
providing requested preliminary suggestion for action by
INSIVUMEH on Guatemalan volcano hazards.

03/02/87 MEMO to Eddy Sanchez (Subdirec. INSIVUMEH,
Guatemala) - providing requested detailed suggestions for
action by INSIVUMEH on Guatemalan volcano hazards

03/02/87 MEMO and EQUIPMENT to Richard Burke (MDRO, USAID
Guatemala) - temporary loan of deformation monitoring
equipment to INSIVUMEH through USAID

03/03/87 MEMO to Richard Burke (MDRO, USAID Guatemala) -
transmitting preliminary report of VDAP/VCAT activities
in the Feb/Mar response to activity at Fuego, Pacaya,
Santiaguito, and Tacana Volcanoes

03/04/87 -- MEMO to John Tomblin (UNDRO, Geneva) --
transmitted and described results of Feb-Mar work in
Guatemala; made recommendations to UNDRO for additional
assistance needed

03/16/87 LETTER to ICE (Instituto Costa Rica Electricidad,
Costa Rica) - in response to their request for mapping on

Costa
Rican volcanoes

04/1/87 CALL to Eddy Sanchez (INSIVUMEH, Guatemala) -
checkup and coordination of new volcanology program

04/2/87 CALL to Richard 'urke (MDRO, USAID Guatemala) --
discussed details of how to set up USAID-sponsored Stage
1 training program for INSIVUMEH in volcano monitoring
and hazard mitigation.

4/03/1987 LETTER to R. Van der Laat (OVSICORI, Costa Rica) -
response to request for information, included significant
amount of research and literature, design of several
deformation networks.
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APPENDIX XIV. -- Continued.

04/03/1987 LETTER to E.R. Munoz-R (Guatemala) - response to
request for information, included significant amount of
research and gathering of literature.

04/05/87 LETTER to Ian Gass (IAVCEI, Open Univ., England)
- provided requested slides of talk presented in Italy
1985 on mobile volcano observatories

04/14/19 CALL + EQUIFMENT to R. Van der Laat (OVSICORI,
Costa Rica) - to inform him tha-- requested EDM prisms and
benchmarks had been sent.

04/14/87 MEMO to John Tomblin (UNDRO, Geneva) --

transmitted and described final results of Feb -Mar work in
Guatema a

04/15/1987 LETTER, D. Rojas (OVICCRI, Costa Rica) -
response to request for information of monitoring
equipmeoit, included significant research and gathering
of litErature, pricing, and specifications

04/17/87 CALL fromn G. Sigvaldason (NVI, WOVO, Iceland) --
request for VDAF to use 410,000 UNESCO/WOVO funds in a
volcano hazards/monitoring program in Latin America,
suggested a workshop in deformation monitoring and
equipment in Ecuador for summer 87

04/21/87 CALL to E. Parra (OVC, Colombia) -- Thecking on
activity at Ruiz and operational status of OVC

04/22/1987 CALL from M. Hall (ESPONA, Ecuador) -- reported
on possible increased activity on Antisano, Cayambe, and
Cotopaxi Volcanoes; mudflows near Reventador

04/22/87 CALL to M. Hall (ESPONA, Ecuador) -- rechecking on
earlier activity report and setting up summer deformation
program

04/23/87 LETTER to T. Simkin and L. McClellan
(Smithsonian Inst.) - addressing initiation of
VDAP/Smithsonian efforts on volcano databases

4/23/1987 LETTER to S. Williams (Louisiana State Univ.)-
response to reqtest fcnr information on monitoring
techniques, included provision of literaturE.

4/26/87 CALL to R. Stoiber "artmcuth) -- negotiating
summer contrct wor. "n VDAF daiabase

4/27/1987 LETTER, H. Meyer (OVC, CoIombia) - response to
request for informatior of monitcoring techniques, included
provision of literature.

04/29/87 MEMO to G. Sigvaldason (WOVO, NVI, Iceland)
through R. Tilling (USGS) - requested proposal for use
of UNESCO (IMEWS) funding for Latin American volcano
hazards

04/30/87 MEMO to Richard Burke (MDRO, USAID Guatemala) -
transmitting final report on the Feb/Mar work of VDAP in
Guatemala, including suggestions for a course of action
for USAID Guatemala and INSIVUMEH

04/30/87 CALL to Maurice Krafft (France) -- negotiating the
making of an educational video using Mont Pelee sequence by
Krafft
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OPPFEND IX XIV -7 Continued,.....~ ~ -*

.. ~J~~7Ear1 yMay:SERIES of LETTERS'andCALLS to US6S, ~WOVDO, Ecuador-
~"re spon Ise' to ?-equ est 4 rsetti ng up~ a- su mmer wor-kshopA~ in j

'Ecuador'with UNESCOfudiga n'f ct ef'fort i n. desi gn~

5i/U47, CALL f rom John TomblI'in (UNDRQ;'2G en eya -:- report7
on Santiagui to V-.1 cano, GLtatefnia4 a, s ght "changei in

112,": Ct-LL to ddy I.nh: ttdr.6NIY M
Guatera P.r, - Chteci, on . ej't. -f12rmTomblr, fuiiar-oles -re.
not. in new ar a b,.t,.ir la ol c

5 1/8 87 C ALL t o To <Klltr.:n USID, GLatLCa1aY
*nformr,2d him :.bot1- t~/iy-

Sache iS.se ' si s, pl ans o,': prc6 V,'de ~-und; ngfo
I NSI1VUMEH~ trairning artd

5/13/87 Call1 to W. Rose '(Michigan Tech. Univ.:) alerted~~~

552 /'2'f7 CALL' {frumrJohn Toxiblin (UNDRO, Genev,.a) _' t,
c~ oor d i n at e UND:,-,O /VDA 1 i a i son mee'_ipngs in South. Amerc---a
dUring 4the summer ~ ;

5/27/87 CALL from Tom Lucas ,(CINEWORk6*) -7, tO eXpress '-interest in making a -NOVA documen~tary oIn VDIAF
6/5/e7 LETTER and MATERIAL to TomLu'caS '(CINEWORKS, New York)-±

-sent requested articles giving general b ac g r c und2'1nV~
4 volcanology

06/06/87 LETTER:RabauLk Voic. Obser. 4(Papua New 'Guinea)
provided indformati on -requested on. iew type, of:)EDM prisms. 4

-~ . 06/08/87' LETTER 4to Jifm16mith,(USAIDb, 1omi~c Requested>J.
Embassy/USAID supportln ;assuri ng Hans JurgenMyr'
poiinat en eyr

6//7CL rmHans Meyer (GYIC, Colomtxia) n~- no t i f ic at io I
of trip to US in summer-, coordination Zon' SUMMar68O--- 4-'iworkshop in EcUador,'report on, increased ativ
Ruiz" con-ultatiOn on caurses to a i n monitoring &,ndP~
mitigation

6/9?/67 CALL from L. 1 cCI el i-in (SEAN ~Wash ,-).2 mJiore detai~l
on 3 nct EEa sed ac. t ivi t y-a, R~U; Z_- "

6/9 /87 CAII.L to Hans, Meyer (CYC', C.0olomb i ) ----- check.i n on 4--'- >

9> ~increased acti~iity at Rul U, i Z ' 4

6/10/67 CALL chcin~n4~4to Hans Meyer (QYC, Colombia)~ checking. o
-4 4 increased activity at 'RU IZ-

4< ~ .6/11/e7 CALL 4 -from L. McClellan (SEAN,-'Wash,)- -4--more r detai~l
..on increasedJactiivyat uz eoto ciiyt-ug

~~.in 4 Guatemala 4444'~4,

6/1/7 CALL': t4- Han Myr(VCl.o.& i check Up, on-
4 ncreased,''atiVity at Ruiz<, consult ation on coursesto
Stakein 'moni-t.oring and mitiga4 tion- 4 ,sw-4

4 /1/7CALL. toeRene Qu~ebec '(INSIVMH Gutml) 77'
~ bai eor nincreased activity 'f'onFUEGOand,:,,trong,,

, eriupt4icn at Pacaya
4 4.
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APPEND IX XIV Continued.~-

,,~6/17/6e7. VISIT by Alberta Gieek -r) rviwo

-~-CERESIS ac~tivities, .reviwfPr ais and (haz.ards
~*preparedness, presentati on of YDAP',:equipm ent and -~~~-:ob-j''ct yes , tour-- oft v foiDA~or I in FPeru,-'~

A< review, -F CEFRESIS. aCtiit ItVu Co 1omb i~-~. af
~6,/1BS/e CA~LL :-iL.MlelIn(SEAN,-J ahrF-oto

r r E c. F B c ti %,i t at Rui t. i. z
~:~I38IETTER~ .-nd tMATrA to, D-.v,,i'd Ki t so. USI,,C

iica, poviinj raqioesed v/ideo c{f Ruiz, f ivdewrk9S .,6/25/7 I7tUIRY from G3. 2i g-,61 d as on NI , 1W10O Ic ad
' 'r namer, o-1 deignatcd Lr. i-. QQ : c f A ine 27 tworkshop,

LateJun/Earl',jui -- ET.EF*.ES AND) MEMOS budge, and'd~et ai-V.I >;
for- USr-- D, -Guatemala, o{ Stage I prcoject 'to develop.,GUatOmalan Hazard Mitigation Progr am..-

7/0'2/67 CALL <from -J.- Tml i n (UNDRO, Geneva)- to~ reqUet
a tcnu, of CVO arid Mount St.~ Helens ~.

///7/87 CALL fr om E. Farra (OVC, C6o rnb iae> coordi Fit ion, o n i:h c--
'summer t7 work shop in EC~'ador,~ g'enera I ex change of inoma-~
tion ojistatus~ of-5'the Observatorio

7/6/67 CALL from Wisen-Booth (NEWSD 5 AY, :Los- An -,toX~5obtain informti I on-on--St. Luci'a. .this is rtu rr&ll
l eft miessage ~~ ~

- 7/97 CALL -to G. Sigva'dason (NVI, WOVO, Ice'land),,- to --

finalizel finances 'for- summer 1967 workshop Am Ecido-zX'<7/9/67 CALL toE.Farra'bVC Clomb'a), - coordi'nation on the4I
summer 87 workshop'i'n EcuaoV 4- or''~

7/9/E37 CALL to MI. Hall (ESPONA,KEcuador) 't tocoordinate5 - <

th~e su-mmer 1987 deomto wokhp, 'he madekirequest for-
computer chip~ '- '' ,

7/9/87 'CALL to Eddy Sanchez' (INSIVUMEH, GL~aternalaY,'_'- to
coordi ~ -1e'i,iiti on of the PASA a3mendment 4 oiding '

eq'ui~pme nt and training. in 'volcanology toi I NS I VMEH4 7017 Ct--LL to W. Rose, -(kih. Teh jUi.)-t~
coriate -ki ,, orat o1onueo-ards .

7/10/8[7 CJALL Jto FR o. eMC h. Tech. Uni. - to -IA~~A~

Coord iiEt I inITI a tion o6i contract: 'Work~ .on Fuego haz a r d s'.

7 /367, CALL from R. Van der Laat (OVSICORIy C ost Rr; ca)-~ ~-
't -eot~onnew geyser ,activity, a~A -" 44a c'

7/1/197 CLL o Ab et .o6iesecke; (CERESIS, Peru) to
-4an Amore. nf ormation on' the CERESS "'meeting 'about. Ruzz

VA--, Volcano in Coobat e infrmtin~ about-Peruv n
a-a s-l

5
' 1 an- #'

'volcano
4 .hird sreparedness, . -

-I 545II 7/16/e7 L!ETTER- oR Bre(DO.USAIDfl, Iua -~Ja5 ,L..~5o, assurel
dee omn of','proper~ convenios with INSIVUMEH to:,

S ~- support the PASA. training, and .equipment purchases



A 'ND XX IV.PF ontin e

7/16e LETTE to Edyace AXNIUEH utmaa-
co r i a e Gu t m l n-a t c p t o n t e s m e .93

worsho-i Ecuao ad NIVMHat*o ote e P

9/13 'e-L ETERto Ddy SAihz I . NSIVUMEHc. n Etemala) to

coorWash.)t cooltemanawoirk- on ain ;ariipationk. M nthAPSerA9
nn_____ wokhp and-fer 97INrshIVUM eHc aind o the ihmets

0/12/B7TICALLR to M.K'raf (Forane) c(attouth Caton~leg prgei
par, ,) for coI-lat Pelee vd c

8/052/87 LETToER~ to.Dro. . . Luloe (oniv LongU--' ~i
Zare)n~t repriza to freqniir fo Hmor inor o on
similarequest. o coop ~ertivea worp, in Za e

K8/13/87 MEOI+ EQUIMEN t. SIcjad~o ESOA(caor Yt ,Jeptard)
loan f shrt--rngeEM equpmen ando volano' (-li'hrnring.

13/13/87 MEMOL N. M. friweth MDRne U -ID, Eocudr- tfol~anrogt
hapards nd phrenpaeness in dEcudroPeiiay eoto

q/11/87 CALETE froPTo. T.ca Luba 'UNew Yorkm)a to:_
Zaieku on v~olno toctivietf~ r~nfra no

8/1521/87 VETTIT TO CVO byosih'Sawada6 (Upa eeva)

loan of CVOrt aneEDMHeql~tfpmen dicusin hzad
0/13/67 io MEM N. MeinetherMDRO USscIDsiEcuaou - VolAnoP
t ericm inde Ein~do- Lai-Ae'lc' :a orinaiy pit n

8/275-317/87 VISIT TO0CVO by~ HnMeyrs(UnDR.VlGenea

Colombia) --tour of CVO, discussions about bsr Vucn
Coomia discusso~noon about Un iv. -Va 1lie

hazrd m t gt onand, VDAP services. eddiClmi
08/28/87 'LETTER to 6. Siqv~adasan (WDVO-NVI, lIcel' d)1 4

report onthe Workshop on 'Defor-matio6hontrn edi
Ecuador in July/eAugust. 4

el/23/97 REPORT to Jorge Que ad (OVSICORI Csa-R a
Roof VndrLaat ' atednc tDeormation Workshop inEcuador, 22 JulyI'987.t_

6/26/E37 REPORT' rto ,Eddv:Snchez '( INSIVUMEH, Guatemala,
Oscar 'Porras_ att'endance4 at Defarmati'onWokshp -i

Ecuador, 22 J u Iy,1917.
87 /26/87 REPOR T' to-Gudmundur Sivlao WV V

-Iceand) results and evalu'at'ion ~of 'VA,' rniation
workshoip hJeld~ in Ecuador.''Q
8/8f67LETTERS to -G'. Sigvaldason CWOVO,~ Iceland) i e o
th"orso hn'eo trin.el d, in h.Ecuador, . i'n'July/August 17
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~A P FI D I X' X I V' Conti nuedi

9/6/187 CALL TO Eddy "Sanchez (INSIVUMEH lcanologia,<
agreed: on~ plIanof: Iquipment acqisition -nd - r -t ihe
newl y-enacted 7FP6A 

.. ~.~ ~~

di SCLIS r-esultS Of,:his, trip',to Guatemala,Stt us 0-F-,th)e~
new.. Secz--Lion Volcanologia, p I as j or,' upcomi ng tr-ai ni g.

5/1 1./e87 CALL FhIR. ')a.- der Laat rnV6IcORI,'Costa Ric), 1
CID di SCLSS Sta{LIS of 0QYSICOF-I, pI-0gl~aM in :vo'jcanol o§i<4<V
~;o iformV of UIQESCO-funded cot-sebyk/ICRIi

Ccosta RPica for Latin Amrican volcanologis
11/131;'17 CGgiLL TO Eddy Sanchz (INuatemEH
to C001rdiinate? the Upcoming training program, to Lchecl:
on1 aCtjiity at GuLateirial an volcanoes,

9/15/67 CALL FROM T. Taylor (Global Broadcasting)
reqL~eSt for information on VDAP -

9/15./87 CALL from JohnTobi UD&',Gna)-to
coot-di nite plans for- on fot in.:Per~u,' EC:U.do1 sand

Colobiain ctober
9/15/6e7 CALL TO M.. Summers (SEAN, Wash.) toreu5

7 inform'ation on Latin Amer'ican -volcanoes, to ob tai.i.2t I
repor-t on eruption of Pagan, Marianas

?/i~/e7CALL TOW. Rs(Mc.Tech.: 1iV) t
coordinate arrival and traiinig of Guatemalan
volcanologist

9/15/67 CALL TO Selwyn Saks (Carn~i i Inst., Wash~.) .toT2";, f
obtain~information aboLlt Peruivian volcanoes.

9/17/87 LETTER70TORichard, Burke ,,(MDRO USAID, Guatemala)-
reporting on1~bidget' and coordinating upcoming visi~t of~~Harlowy~

K9  /17,/67 LETTER TO~ Edd ySan ch e (IIVME, Gaemla'provided FY B8Nbu dget an Idztra.i In Iing sch Iedule, for, thek1 . I

assistance programforINIVUME. 
.Hy

?/19/87 LETTER TO WY<Rose (Mi _. Tectv Un iv. e-)il-
of Octooer/-Nc r-;?e 'trai-ning sche ule -tor IS

II /22/6'7 CALL TO -NalAie;ivether (MDR'0, ".USA I D, Ecuador ~r I"o_1 
1 ~Op,-iss on and obtain Fn 4rmation 1or the4 2, M-

eaI-thq~aes of th morning SE o-f Ouito, coordinated ~ '

trip schedule for, October ~ -~ V~~

9/2/7 CALL TO Mlinard Hall (ESPONA, iEcuador)- to pass on 1 1 .
and obaninfratonn the 2, M= .earthquiakes of~tI -t,,morning, SE of Quito, 'coordinated trip, schedule for

-v/28'CALL TO James Smithr (MDRO, 'UIIDCoomi~) t
~, 4~I4I44$ :I ->'-Fcoordinate trip schedule ,f o October~ trip

44- 4 ,9/22/87 "CALL'. Ed Sace (1SVMH-Guatema1a) to.4
'-WWcoordinate. Octobe, /ov'me triigti, oceck on

4I~~ 4Ia ti4 ity at' Gatemalan vlcanoes
-I1 9/24/74 CALL~ TO'Eduardo Parra',(OVC, Colomb'ia),~ ao coiaef

11>44.~ -~ October v.iiIt toJ Cciomutia : I

44. I.
4 4
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AFFEND IX XIV . Conit iued.~ K T~''

9/46'CALLS TO Alberto Parodi, <Uni v. San. Aug.Peu)
Al bet-to 6iesecki -CERESIS, Peru)~ -to coordinatOctober "A'

___________visit to Peru < ' "< '"''~"' A~ ''A,~s>

9/24/e7 CALL tFR OWEddyySanchez'.(INSIVUN.EH, Gutma
'to discU~S October/November-training pi-Ogeam

9/24/196'7 CiLL T 0 Richard Burke.(MDRO UEAID,, G Ua' 7~a
o di scuss October/November training pr,-g)r..mr, 7-d Ooera 1

Program Otbjecti ves
C -7 L T T IR T 0 F. C,. Longo (DOMi, Dorni~ S tbI c)

e pa.-t-:e ,t (: r e q Ue St fo0r Vol cano- mo-r-itoring ?.ssistknce
and i terature.

9/ :5/07 LETTER J. Oarcia-D,. Univ. [ECUdOIr '6uZyaq7Uil,--
riesponse to reqUaSt' -or volca-io manitoring assista-nce A '

and liter-ature"
9/25/67 VIEIT BY' Pason Sheets- (Univ. Colorado) '

diSZLuS~i~l Of uses of. archaolgyi volcanology,
obtained Vinformation on,EI alvadoir vlacsandA

W' 928/8"7 CALL FROM William:Rose(i ch-,,Tech. Un iv.) t o
discuss Cctober/Novernber training prog'ram.,fo C3
INSIVUIIEH, to discuss, progress lon the vldeo~on Mont "As .

Pel1ee '

9j/26/1987 CALL TO Hans Jurgen Meyer (Univ. Valle,
Colombia) -- to coordjinate October v'i sit, to C- Iomb ia

9 /29/67 LETTER J. Gaitan-M (Univ.,,iBja.C1alif,_ ,Ei'c)
response to 'requiest for volcno ioloriAVnng. assi star ear

4 'li~1terature. ~~ ~
LateC September AMEMOS, LETTERS, CALLS.--:codntn th

inital INSIVUMEHtrainea tri to US. '~'-

714''A'"A ~ 'A~

A' 'A 'A"' '~2A\. A



APPENOIX XV -- Unofficial ledger of USGS Operational Expenses
in FY 87

1 File
2 87VCTSRT.WK1 1987 LEDGER last update 27-Jan-85
3
I STARTING CURRENT
5 BALANCE BALANCE
6 $34,000.00 ($171.3)
7
5 'ft., ** ttiillitllti* ** *tili* ittlttlli RYt tiSUMMARY tiC'fti.e,,,,,,,,,,,*,,,ttC**Cltl tiII

FUNDS SPENT
----------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------

- $9,084 05  (S61.05)

17 TOTAL EQUIPMENT $16,792 S19,609.96 (S2,817.96)
18
IQ rD.CE SO $321.17 ($321.17)

2.,C73 (1:63.89)
TILT $,962.4E

22 ED; $513.07
23 TELEM $8,561.37
21 COMP $2,913 S3,307.92 ($431.92)
• , AS/GEO SO so.O6 $0.00
26 GEOMOBS $5 836.65 ($831.65)
27 LAB $391 $0.00 $394.00
28 LOGIS $0 $552.60 ($552.60)
29 OFFIC $600 $288.89 $311.11
30 SAFETY $560 $1,313.00 ($753.00)
31 SEISMIC $0 $0.00 $0.00
32 TOOLS $1,117 $1,912.84 ($465.84)
33.. . . . . . . . . . . . . . .. . . . . . . ..-.. ..---------------------------------------------------------------------------------------
3£ TOTAL OPERATIONS $5,Q50 $5,362.2 S587.58

)5 ~': E PENDABLEE

36
3N $2,00 $1,b~i.72 $368.28

.: $350.e0 $0.00
39 COMP 5750 $1,016.55 ($296.55)
t0 DEFOR $500 S553.28 ($53.28)
41 GAS/GEO $500 $545.71 ($15.71)
12 GEO/OBS $750 $822.85 ($72.85)
13 LAB $0 $35.40 ($35.10)
At LOGIS $350 $28.12 $321.86
Is SHIP $0 $72.01 ($72.01)
16 SEISMIC $0 $228.00 ($228.00)
47 TOOLS $750 $48.15 1701.25
i4 5950 1507.58
49

50 TOTAL TRAVEL $2,280 $118.00 $2,162.00
51 ...------------------------------------... --------------------------------------------------------------------------
52 TOTAL $34,174.43
53
54 *BffBIIIBBIICImagClgImgggCmgImgggeggei., SUMMARY I ee u agHeeuuuiuueuu m.... ........ ..



5 49

6 ~'0 4VCAT MAIIN 4AUX "SUB IACT IV-~~ UNT~~ ~ v
1 ORDER,1,VCAT VCAT VCAT ITY DESCRIPTION ]MANUFACTURER NUMBER ~UNIT )SHIPPING~ TOTAL~62 NO SORT ISORT SORT ITY AF'IE VNDR PUR, COST ~COST COST ~

7 ), V67-WfcC CWR LANGU TRAIN VCAT Spanish 10?, John CLARK: COLLEGE ,I $13.10 so 000 ~ L
i5 X V5i,-01OB CONTR LANGU SUPPL VCA7 C)r~s 101 r b~C A COL ~ I 3i0-20, 5O0 " A~4
6 X" V87-OI0A CONiR LANGU TRAIN VCAT Span ish 101, ancv CL-o CO'LLEGE, 1 'S123.00 S0.00 $123 .00'
10 A V87-OIOG CONTR? LANGU SUPPI VCAT Span ish 103, Nora , I ibroCLARK COLLEGE 1 "56 .25 s$o, S'i 56. 25 "i"''

711 X V87-OkOE CONTR LANGU SUPPL VCA; Spanish 103,,Mike, 'libroCLARK COLLEGE 1 S$'O"K456.25 SO.OO S56125
7X V87-0!8 7CONTR LANGU SUPPI VCAi Spanish 107, John CLAR< COLLEGE , 1, 1122.75 '"$0.0 ~$1?2215

13 X V87w0400 CONTR LAN6U. TRAIN VCAi Span ish 103, Mike CLARK COLLEGE I~ W4.25 ~S0.00 316.2 5r j~

71 X V87,-04OF CONTR LANGU TRAIN VCAT, Spanish 103, Nora CLARK COLLEGE "1 1S122.75' S00 S 172.
15 X V87-2 :CONTR LANGU TRAIN VCAT Spanish 203, VCAT CLARK7'COLLEGE I" S508-00' $0.00~ S508.10, j:'~~
16 TX V87-001. CONTR LOGIS STOR' VCAT Storage, VCAT SAFE6UARDr STORAGE I { S78.00 ~SO1000 S$312.00~ i"

77 0 V87-OOIA CONTR LOGIS STOR 'VCAT Projected SAFEGUARDbSTORAGE 8 $,78.002  $0.00 "2 624 .0.01
78 X V87-057 CONTR OBASE VIDEO VCAT Krafft Mt. PelpeeKRF FILMS IE 1200-00, IA, QO S200 00.
7"1 X V674058 CONTR BASEVIDEO VCAT' Tape PA.L to N.T .S.C.CALIFORNIA VIDEO 1 1179504 S3.00.50
80 0 V87-061V:CONTR DBASE REFMA VCAT Consult DBASE j A~OSLING I S$2,500.00.1 S$0.00 "S2;5OLOD' ~
81 0 V87-062 CONTR DBASE NAMES VCAT 'Provide NAMES' AMBOY Bust0 "S715.00 SO.0,0 S0 007 ~ 2

82 0 V87-063 CONTR OBASE VOLHA2VCAT. 'Provide MAPS, ' CLARK'COLL, 12-$2,650.00 _So:oo $S2450100 , '
~. 83 X V877055 CONIR OFFIC~ GRAPH VCAT ItkPoesr TKCR 50.00. 'S.00 A$500 0 0" 0:

8XV87-118 CONTR DBASE VIDEO VCAT Krafft-'Video' MICH) TECH I $1,'156.00 13.00 S1,159.00W . V' '

86 TOA$9,084 05, ($84 05)

89~ ~~ -------

90 EQUIPMENT $1 'L~ 179200.~.'-'

--------------------------------------------------------

92 EQUIPMENT-DATA BASE ' 'i' 50 ''A 24

94 X V87-039A OBASE COMPU SUPPL VCAT 'Mike Carr, pet., analI MichaelI Carr I $990025 -S~ .0

,;_95 X V87-0398. DBASE COMPU SUPPL' VCAT''. Mike Carr-, data base !Michael Carr I1' "$2500 $10.00 ~S251 .0
9' 8-3 RAIN VIDEO SUPPL'IVCAT 'Video t'ape, 112 120'ain A &' 6ASSOCIATES 15 $4 '19' "'$000 85

978 V87-029 TRAIN VIDEO NEWPU VCAT 
4

Etna 'lava diversion, F.H.MARKETING I S.0197 SO 0 $2
96 V7068 DBASE REFS NEWPU VCAT Calderas &,Assoc iated igAMERICAN GEOPHYS.- 12 $1- 5400 $0-00 $514 0 0 ~

99 X VEI 039 DBASE, NO?'EN NEWPU VCAT Geological Nomenclature, PROF BOOKSTORE I S90.35' $0 0 S 590.35i'~~~

,101 TOTAL 4 ' 311 $2 l

3'2'103 EQUIPMENT DEFORMATION "$-- -- -- 873.A00 ""2,"-"~''-'

105 EQUIPMENT-DEFORMATION TILT ' ' 7 -~'
2

j7k'"'"2"' 2~2-

"'106 ~ '4 2 222I2A2~4>A ~ 2'

2
10171,X V87-0040 DEFOR TILT .T20007VCAT _Wi ,T2 IV-," S135.00 '

109~ A 4~AA '"''22-I'" '' NESSCO.SUPPLY >3-i 720 10.00 -1316.002 2
102 170iCDFO 2:20 CT W 4d'm' 1SS' ,SPL 3- S720 $260

09 
K'" " " "' ~ 2

A'~' 
j> '22



111 APPENDIX XV. CONTINUEO

112
113 Diettteinmti memtemetllee ltlmteem DETAILS tnltIItetlee eetmetil l memmutlee eieti
11t
115 VCAT MAIN AUX SUB ACTIV- UNIT
116 ORDER VCAT VCAT VCAT ITY DESCRIPTION MANUFACTURER NUMBER UNIT SHIPPING TOTAL
117 NO. SORT SORT SORT ITY OF ITEM VENDER PUR. COST COST COST
118--...................................................................................................................

119
120 X V87-OOIB DEFOR TILT T2000 VCAT Wild Plumbing pole NESSCO SUPPLY 1 $175.50 10.00 1175.50
121 X V87-OOA DEFOR TILT T2000 VCAT Wild Prism Tripod NESSCO SUPPLY 3 $165.75 $0.00 S197.25
:2: X V87-1Ob DEFOR TILT BM'S VCAT Bench Marks, Tilt OREGON BRASS WORKS 90 110.43 $0.00 S936.70

24 SUBTOTAL $1,962.45

!26 X V87-O260 DEFOR EDM TOOL VCAT liI' carbide bit PORTLAND CONTRACTO I S7.20 S0.00 S7.20
X V87-026A DEFOR EDM TOOL VCAT Bosch,rotary hammer drilPORTLAND CONTRACTO 1 $229.00 10.00 $229.00

130 X V87-0268 DEFOR EON TOOL VCAT Battery pack, Bosch PORTLAND CONTRACTO 1 $79.17 $0.00 179.17
131 X V87-026F DEFOR EON TOOL VCAT 3/1 carbide bit PORTLAND CONTRACTO 1 127.90 10.00 127.90
1;2 X V87-026C DEFOR EON TOOL VCAT Chuck adapter PORTLAND CONTRACTO 1 S29.50 s0.00 129.50
133 X V87-026E DEFOR EON TOOL VCAT 1/2" carbide bit PORTLAND CONTRACTO 2 112.60 10.00 S25.20

VB7-00B DEFOR EDM TOOL VCAT Chuck acapter PORTLAND CONTR. I 130.00 $0.00 $30.03
135 X V87-076A DEFOR EON TOOL VCAT Psychrometer FISHER SCI. 1 141.50 $0.00 144.50
136 X V87-ObB DEFOE EON TOOL VCAT Psychrometer, wick FISHER SCI. 1 $6.30 $0.00 $6.30
;7 X V87-091 DEFOR EON TOOL VCAT Battery Charger, Gel CeIRAOAR ELECTRIC 2 $17.00 10.00 $31.00

139 SUBTOTAL $513.07
14o

12 EQUIPMENT-DEFORMATION-TELEMETRY
113
t4 X V87-012 TELEM CASE NEWPU VCAT Pelican Cases, small PELICAN PRODUCTS 3 $33.00 S0.00 $98.91

145 X V87-013 TELEM CASE PARTS VCAT Aluminum boxes MOUSER ELECT 10 16.70 $5.17 172.47
i6 X V87-013 TELEM ETILT PARTS VCAT Electronics NORVACK 1 189.46 $0.00 $89.46
!17 X V87-082 TELEM ETILT PARTS VOAP 3216 NORVACK 1 13.40 S0.00 $3.10
:46 X V87-012F TELEM ETILT PARTS VDAP 15-5L NORVACK I 11.65 S0.00 $1.65
:i; x V87-0CI TELE ETILT PARTS VDAP MIX 3/16 NORVACK 2 $2.12 1000 S4.24
150 X V87-02E *ELEM ETILT PARTS VDAP 8172 NORVACK 1 115.71 10.00 115.1
151 X V87-02A TELEM ETILT PARS VDAP B700-RT2i NORVACK 2 $7.20 $0.00 $1i.40
152 X VB7-002 TELEM ETILT PARTS VOAP HIX 3/8 NORVACK 1 S2.98 10.00 12.98
153 X V87-02G TELEM ETILT PARTS VOAP LMB NORVACK 1 $16.56 $0.00 S16.56
151 X V87-04 TELEM ETILT NEWP VCAT Mod 953-B, EPROM burn SINTEC 1 159.95 10.00 159.95
55 X V87-011 TELEM RADIO NEWPU VCAT Syntex Radios BOWITZ ELECT. i $115.00 $27.00 $1,687.00

15b X V87-015 TELEM RICKS PARTS VCAT Integrated circuit HANILTON-AVNET 5 $111.9 10.00 S57.47
157 X V87-OO TELEM TONS NEWPU VCAT Six Tos units, no cast CVO 7 $500.00 $0.00 $3,500.00
158 X V67-O51A TELEM RICKS PARTS VCAT Elect. Parts, I.C.s WESTERN MICROTECH 32 $5.65 $2.97 1183.77
159 X V87-0518 TELEM RICKS PARTS VCAT Elect. Parts, I.C.s WESTERN NICROTECH 32 $3.10 10.00 $99.20
160 X V87-051C TELEN RICKS PARTS VCAT Elect. Parts, I.C.s WESTERN MICROTECH 32 11.34 $0.00 $138.88
161 X V87-052A TELEM RICKS PARTS VCAT I.C. 7HC913N HANILTON-AVNET 32 $10.45 $0.00 $334.40
162 X V87-052B TELEN RICKS PARTS VCAT I.C. 7IHCI38 HANILTON-AVNET 32 $0.82 10.00 $26.24
163

'77



133 65 APPENDIX XV. CONTINUED '' . .33 3.3 333'
16 6 3 '.<33 -+ 3. (3.-. 3 333.3333....$ 3333

DETAILS:3(3~'3,

1&6523'3 VCAT MAIN 3AUX SUB ACTI- :UNITJ~-~~

3170, ~ ORDER YVCAT 'VCIAT YVCAT ITY DESCRIPTION : 3 'MANUFCUE'NMR; UNIT SHIPPING TOTAL 333

NO1 SORT SfORT SORT ' O ITEM ,VENDER CS OT CS

S173 X 87-0512C TELEM RICKS PARTS VCAT 1 C. 71HC373 ,HAMILTON AVNET 32 S7'67' 50.00 585.i tA ,
~171 XI.V87 0520 l1ELEM RICKS PARTS VCAT I C, 71HCI HAMILTON-AVNET~ 32 ~S0 50 SO" 00" S16.00-33k3

175 X3.V87-052E JEEM3RICK~S PARTS VtAT3 IC. 71 C11 HAMILTON-AVNET 3'2 SO0.80 S 0 ;00 333S25.60j.w 3~3
1I76~ XV87-052F TELEM RICKS PA R T S VCAT, I C .LM 125 0C HAMI'LTON'-;VNET S 11) 37 > 0 00 35~ 00,~'

3 I j VE7-05?t . L7Y R!CY;S PARTS V C A4 7 zCYv1!1'-- l.k"'~ ~ ?'33 0 500 :,S 00 80 :-34
178 X V87-05SSA TE!.EI4 RICKS PA;1S VCAT i .~,,1 ~ ~ '? 1B 69.37 3 3 ''3"J' ,.
171 A Vfl-053' TELEV RICKS PARTS VCAT Efe, Par's, Xti 01 ' OSC3S ,E0.ST." S7! .253'3"
5vO . V'67-05",(C E !E 4 RIC S V!.' C,3

16 XV8-0"DTELEM RICKS FAR;5 VCAT. Elect . arts, isir ODI! l so . 5 55 50,00, S15.75
X~ XV67-053E TELEM RICKS PARTS VCAI. Elect. Parts, 3cap D1i: EY .0 S!.20 SO0 S3,0

183 X V67-053F. TELEM RICKS PARTS V'CAT lc atv re 016 I I KEY 0 11 1 35 500 soAIL ill 11.33~.
'" 181 X VB7-053G TELEM.3RICKS PARTS VCAT :Elect . Par t s, j r f5 11 DIGI-KEY. 5'0 ~.S1 .0b. 50.00 i53 1l03I 165 X V87-05iA TELEN RICKS PARTS CAT~ 'ElIect . Par ts , I.C . MOUSER ELECIR. 32 333 .099~ 33500 $ 31 .6833 '3333

33186 X V87-05iB TELEM RICKS PARTS VCAT. 'Elect. Parts, box . MOUSER ELECTR. 20 $s5,70 1S0.00 5111.00
167, X V87-oSAV TELEM RICKS PARTS VCAT ~Elect, Parts, xstr~ MOUSER ELECIR. . 50 S..0,13 50.00 56.50~ --- 333,3333

188 X V87-0540.'1ELEM RICKS PARTS VCAT: 'Elect. Parts, caps MOUSER ELECTR. so X $0 .o0oo SO.00-<--~"
%.189 X V87-051E TELEM RICKS.PARTS ,VCAJ ElIect . Par t s, c a ps MOUSER ELEC.TR, 30 SO.2 S0.00 S7150"'-3' 333333190 X V87-OSIF TELEN RICKS PAT3CT Elc a t as MUE LCR
*191 X V8-5GTEE IK PARTS VCAT .Elect. Parts, caps MOUSER ELECIR. 300 SO06 S0.00 3 0.3333333 3433

19 ,8-5 ELEM RICKS PARTS VCAT. -Elect. Parts, Caps MOUSER ELECTR. 300 SO.Ob2~ 3SO00 .;S11.500...
~I 192 X V87,451 I TELEM RICKS PARTS VCAT E I Eect . Parts i s v M OUS ER E L ECTR . ?0 X 0O .. 001 511 00-

193 X V87-05IJ TELEM RICKS PARTS VCAi 3 E Ie t . Par !s, C Ihol MOUSER ELECTR. LOX "SO . 000 S3 I35 0313. .0 ~1 95 X V87-051K .TELEM RICKS PAT - CA 'Eet Prts, cDlI ol MOUSER ELECTR. 20 50.72' '50.00 S2 1.12~3196 X ., V8-5LTLE .KARTS VCAT '~Elect, Pars DIP* MOSE ELCR 11 15.3 S.0 505
195 X V87-OSAK3TELEM RICKS PARTS VCAT Elect.3Parts, DIP MOUSER ELECTR.~ 22 10.16333O35.00 S21 12i
19 'X V87-OSIN TELEM RICKS33PARTS VCAT Elc Ka DIP MOUSER ELA iR. it SO00 2

13X V67-0510 TELEM RICKS PARTS VCAT .Elect. 3Parts, DI OSRELECTR. 2 :S'.54 3 SO 30 S55-883333 33

20 .V701 EE IK AT CT Elect. Parts, DIP MOUSER ELECTR. AL '3 3 1,A6 $ 0.00-- ~S1824 3 33.30033

20 8-50TLEM RICKS PARTS VCAT Elect. Par t s, DIPrOUE ELEuTR 22 0:, 0uu. s0W S87 3333 3

2029 X V87-051'R TELEM RICKS PARTS VCAT .Elect, Parts, DIPr MOUSER ELECTR. 1,0 SO0 33 .o0o 4333I5.8 30 &
33 0. 8-0515PTELEM RICKS PARTS VCAT :Elect . Parts , DIPt MOUSER E8 i C . . IC,0 S2.05~' 2 33 333

20 8 -5 LE IK A T C T E e t.Pr s sr MU L E LE'C T R. 0 S02 S335121 .0r -LI- <33 3333

:205 ?1X V87-05t9 TELEM RICKS PARI7S VCAT Elect Parts,.OIP 3 MOUSER ELECiR. C 22 ~SO 02 7SO00 3333 S8.5 70.3
1> 202 X V87-OSIV 7ELEMRICKS PARTS VCAT Elect Parts, rstr MOUSER ELECT?. 3100 S0.0 50 .0 0 3 S.0.
3. 207 X V87-05LiW ELEM RICKS PARTS VCAT Elect . Par tsr ~s tr 3MOUSER ELECTR. 33 100 SO 01 2 ~3SC,00'3' St 3 0

208 X V87-05AXT3TELE RICKS PARTS VCAT Elect. Parts, rstr MOUSER E&ECTR> o. 0 J002 ,SO.OO S100.33
~209 X V67-0OS6UTELEM RAIO PARTS VC A- Elc M a i r .sh , plg inS56 -MU S. .,00R S207.7

3 :210 X V87_069W TELEM RAIK PARTS VCAT Eilke Part's ,c ' -Radi OShaELckR 10 S3S002 $0%00 S519o 3.5 $K
3~333

33 211 X V874 50A TELEM-MUD ,NEWPU VCAT 3 25 Cond.>Ribo al R 1S6.13 310300 ' 543
>'

3 3
212 X '3 OPERA ELECTNWCA 1,u:C3 ISO~lsO~t 3..33335

3333 3 87106 EWU CA 3331If3~Cp. 1NORVAC~ 5 O1 so $78V~ so8S

SUBTOTAL
3  $8,56 3 ,jzS 1.37 333 .13)34.3

K~2145"2 ~ 333.~3~

33 216Z TO33TAIL
3  $ 33 111,036.81~ 3~1)3 ($163.89) .3t33333.3413 3 3 ,.3333333~ 3.3

2 3333 - -1 -333 ------- ------- ------ -- 7--- ------- ------- - -- -3 - -~33 3-333 33-33 - - -.,3 3 - - - - - - - - - - - - -.333.3 - ---------- - -

3333 1733 - - - - - - - -- - - - - - - - - - - - - - - - - - 3.4

3333.3~~~~~~~~~~~' V3~ 33 3 . . ~ 333343 ~ 333333-

2 1 8 ' > ' ~ I .. 3 3 3 3 4 3 3 . 3 3 3 3 . 3 3 ~ 3 3 ~ ~ ~ 3 3333 , -3,33V



220 APPENDIX XV. CONTINUED 229'i-

224 VCAT' MAIN }AUX~ ,SUB, ACTIV- hUN--"- VI-,{a''

225 W ORDER VCAT.:VCAT ,VCAT ITY 'DESCRIPTION ~ M~ANUFACTURER NUHBE'IUNIT~ SHIPPING TOTAL -"

226 NO> 7SORT. SORT SORT, -ITY9- ?~~-9OF ITEM>,.VENDER PU COST~ COT CS
2 , --------- 77-----77 77777 --------------------------------------

?928 EOU!PMENT-COMPUTER S 2 913 no 0 : ~ ~ --- ~

j3 0 X VB87011OI 'COMPU PRINT UPGRA VAAV JOL Tractorf eid WESTCOM I , sl1o 00 S Q 00 sli 0
231 X V709CMUMNTNEWPU VCAT- Amber.VMonitorsV E1Oi>~~- 3 ~S150.00;'S$10 00 S1112X0-6 O IENE0PU VCAT Disk Control let ETO >r1~$5 0 's o ~ ss o33XV87-061 COXPU COXFU NEILPU VCAT 'ostliba 1 100 LSCOP $-<i+i7915;00~ SO00S1 i799. 00

2'3 V.o7-075 COXPU1 SOFT UPGRAOVCAT- iordStar L XiCROFFO I1 'S89.00. 'S , 7s 190.75
23 2X V 7 05,~ CO.,v SOFT U F 6R AV C T r~ :'ha~ ct c aC20 s<~0 6 G

2:6 0 3,S A~ CO0XP UJSOFT UPGRAOVCA- -Norton Lt tiis G61 S' I ill 470.9, 1.17. ~
2 X V57-!036 COM.PU SOF T UPGRAOVCAT Double DOS 6 T S I S 31 S50O .S ,0 1345 60OV'

VS23 7 -0 C0US-TUGAVA C: -"Orat. ior s,.: POL&ER-U: V 1i9.95 S-~O:00 , .9S
439X i-e 9B 8 OPERA ADM I N COUVCAT -Vorld'PerfectL 6 T S 1 .58;." S.- S183 is

'210 V87-120 C O)PU PRINT NEhPU VCA7 Dicnex printer ~ CTEI S'i '32 2 79, S 00 0 5322 .79

S242 TOTAL 53,3417 .9?(ShO 3.92) '-a--j

"244 EOUIPMENT-GAS/CONDENSATE 6EOCHEM - -;00-,VJVVVV\

265

9-247 TOTAL. S - ~50 00 . .0V~V<'

7240 EQ'IP ENT-GEOLOGY/OBSERVATION i5.0 oo~-

.250,VX V87-056 -6EOL VIDCANEXCESSVCAT B' W Vid . C am , EXCESSrPROP----- $~.0100 ' s'--S 5 514 85
~~251 -'V87-096A GEOL CANER NEWPU VCAT ~Minol ta Vx-lOObodyV 'MINOLTA I $219.95 SO-00 S219-951'252 1-~87-09613 6EOL CANER NEWPU VCAT Mu I -9f -nH!ioftbck MNOLTA 1 "- 149"a .95 -S i 000 3159-95
V253 V87-096C GEOL CANERNEWPU VCAT zoom lensV35-105- :MINOLTA ~ '>>-1 5~~289.95 10.10 $269 15
251 V87-0960-1GEOL CANER NEWPUVYCAT 5so ft case, Iong n 0 s~ e MINLT 2 "W~'~- 00 so000 S--VV 80.00 V

255 V87-096E GEOL CANER NEVPU\,VCAT IR f ilIter MINOLTA' V S-.L 'a-.95 s000 1 I1 951V-V'4V~9

257 '-TOTAL V$ V 83b.65 (5831 .65) ~-~----9 256 -- -- -- --- 
V 

-- - - - - - - - - - - -- - - - - - - - - - - - - - - - - - --- - - - - - - - -- - --- - - -

L4259 EQUIPMENI-LABORATORY ' 3.00 V'VV"~VJ-]

<261 V ~ -TOTAL' CQ10 VS3~0 .. ,9 1- -
VVVA' .00

V263 EOUIPMENI-LO6ISTICS V'soo .00V~.9V~> V-

9' 265 X V87-021 LOGIS EQUIP NISCL VCAT pad lock , HARRY'S LOCKSMITH 1 VV'V1aVVVVI . ~ 60V ,$0;0 $15.6
266 xV87-123 LO6IS.-EQUIPI anpu VCATt - Jensen -case JESE 3- VO01,570

- -TOTAL -'$'i552.60A (S552.60)

V 270 EQUIPMENT-OFFICE-~ $600 - a.VVt~l0 -- ,.--

272 X V871-005 OFFIC EQUIP MISCE VCAT Stapler) 7-'9V GSA.-V VV V $1 - S ',S00 ,$ .5 I SO
273 9~V - - V V-V~- ~-

IV - ~ a . ''-- ~ V VV V-VV 
F,1



27 APEDXX .OTNE

276 .4 - ~ ~ ~ i

- " - - J - - - - --- - --- -- ' -- - -- - - - -- - - - 74'"4 --A 
4 

'K 
4 

' -- -
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255 VV DIX1 OFFC N T N E V i Car fiEE :AA 5 OP 1 S115 3 10 s 2

29 20 V7-0 ORD ER VAT SAT N,-PVCAT ShorTLiv ESRIPTIO W N FUER SNME UN9IT I S 275J 4 4, O

~9 3 X V67-002 ONF RFEC R ADIOSC VCATI ,Shli saneac O'~ TANRDOL !G S'1 00- SO _S 2L .4 00

'291 TOTAL S 8 8 ,31 3 13%-. 00~* (S5300
288 - - ----------- ----------- ----------- 4 ----------- ---- -------
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30'2 X V871 ' TOOLS ELECT SUPPL VC A T ~ or~ C*mw i s NOOR A It S11 .27 M 00 S1~ 007 V
233 X VB-0 ORSFTRDOVCAT RDei sd e ac ,4MOR A 4. 5?9 5 S 00 5 9004,
304 X V 8 7- 0 1 TOLSA ELECT NEWPU VCAT Por tr v pat NER ' 11.6 '0.00 16 6

30 6-2 OL EETH P CT4ieSrposEF ELEC 3> S6.0O s W20 0"
30 2 X V8706 TOOSE C T WUAL '-thrmn Tool 1 00 TERA-TO 15.0'<4 414..0044S 04r. 0 170

310 2 87065 TOL TOE T WUAL 500 100 i fe ORVC $1 -10 000 I

' 43004X EQUIP E TOS ELECT N F TOOLS 51 erase 00 P, V' A C 44.5 s44 2
-.22312 X~ V87 075FA TOOLS ELECT SUPPI VCAI C25 ct c~t ORVAC 1 512'9 50.0'o "2 S1'?74,".U

303 X V87-090B TOOLS ELECT SUWPU VCAT ioe s ole "' NORVAC: "~1A 4 1444917, S.0 5i_5 -67 44~'3 301 X V81 OZIC TOOLS ELECT NEWPU VCAT .PS ower si NORVAC 1 71', 62 1O.00 !7106
~ 305 A V81 i0920 TOOLS ELECT NEWPU VCAT Birt tpers OFanF EL R0SEC '3""S 5' s~~o6'C ' 11 9

31 V87-0925 TOOLS ELECT NEUPU VCAT Lextheymri S too "' ALE RTEA TOLC S7.38 3304$SO.00' S7.3908 "'~
XV87-092A TOOLS ELECT NEWPU VCAT Haka ble de N32A ' -'2ROS S 7 SO -" S0"78318 X 17-015BTOOLS .ELEC NEWPU VCAT HacksawF' soc e ,21 'PAOSCE 4 , '1- SO.79 :SO.00444 "51 59-

' 4309 X ,V87-0320 TOOLS OELECTNEWPU 'VCAT HaCckew PAR-NORVAC L1 .K 59 "SO .00'~ $i5 '
~7 320 X,87-05DTOOLSELECTA;EWPU rVCAT "Knifee rtesn 'ORVA C .CORP "1 5-0 .S0'SOO 150 0.

321 Vzl 67-1WTOOLS:,ELEC1'NENPU VCAT ' Ereg.Couraer.' FOPVAIAI I ;00 $0.00
4 312 XV87-IOIB TOOLS'ELECT NE.UPU_ LCT -5c ab i' R VA0~U 4~d9. ~ S .00~ 99
'323X NVB1008IOLSrELECT,.NEWPU ,VCAT 'Tori Toole sei ORVA.'R I .400,,51.1 'O00~~"5
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'4'"'ulreilv Gin' "4-'R NT .S 609,, 00-.'325 X V8.IOVTGL_.LCT EPUVCAT- RF C S i oonii Ge -LEADEVAC TR 1 915""7~4 4  10 .00 - 1,19 15~ 4'~.

2 6 31X V877192A TOOLS' DLEFOR NEWPU VCAT: at . enPow e anp '~RAO SHAK 44- 14591.99,; %34 00 '4 $451'9''

32711 X V 87 -19 CTOOLSEECTNEWPU.,VCAT Hacksa brae 32Y TEC ASKR S C '-, $3594S0. 10.00 "'s1'
S318 X~10CIOSDFRNWUVA aka id 1 2t'~'" ' 4
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330 APPENDIX XV. CONTINUED
331
332 *ltmllitellt0,illliiieigtgeteeemmelleetlla DETAILS Iltlllli ellemlllmellilltillllllllllllellllltltlllltll
333
331 VCAT MAIN AUX SUB ACTIV- UNIT
335 ORDER VCAT VCAT VCAT ]TY DESCRIPTION MANUFACTURER NUMBER UNIT SHIPPING TOTAL
336 NO. SORT SORT SORT ITY OF ITEM VENDER PUR. COST COST COST
337.. . . . . .. . . . . .. . . . . .. . . . . .. . ..---------------------------------------------------------------------------------------
338 X V87-107A TOOLS ELECT NEWPU VCAT 'Llnear' Data book NORVAC 1 516.95 SO.00 516.95
339 X V67-1078 TOOLS ELECT NEWPU VCAT N.DD~er too; NORVAC 1 59.97 50.00 59.97
1&0 X V8 r I C OS ELECT Ek2 VC " Term.nal s ~r: NO C b 1.15 50.00 S24.90

AL: X V ?->7 . S ELECT NE&Ft VA "A,,,a S: r -: . S.iS
342 X V87-I1bA TOO; ELECT SUPPL VCAT Connector, sccets A S C . 2 53.99 S0.Ju S7."
313 X V87-107B TOOLS ELECT NEWPU VCAT Hexaoecimal, t ,e RADiO SHACK $ 521.95 50.00 521.95
31A X V57-.27C TOOLS ELECT SUPP. VCAT Connector, sc :ss PA:1  Sr C 2 S3.99 10.00 S7.98
31

346

345 OPERAPEN-ELECT RONIC TOOS ,OO.O
350
351 X V87-03b OPERA ADMIN OVTIM VCAT Overt !i Cos:a Rca USGS, DOUKAS I 5151.56 50.00 $151.56
352 V -031 OPERA ADMIN OVTIW VC" Over',: g a CSGS, :OUKAS 1 S05.91 50.00 5105.94
353 X V87-114 OPERA ADMIN OVTIM VCAT Overt se Ecuador USGS, DOUKAS 1 5918.12 $0.00 $918.12
351 X V87-048 OPERA AOMIN FIL VCAT film, Gass & Schminke CITIZEN PHOTO 1 $31.92 $0.00 S31.92
355 X V87-084 OPERA ADMIN LANGU VCAT Audio Taoes GSA 50 $0.70 $0.00 $35.00
356 X V87XXX OPERA AOMIN FILM VCAT film, PRO LAB I 51.75 50.00 $1.75
357 X V87XXX OPERA ADMIN FIL VCAT film, TY4ERS S 55.23 50.00 55.23
358 X V87-I1 OPERA ADMIN IDENT VEAT Identif-cation labels OMEGA PRINT S 552.20 50.00 S52.20
359

360 TOTAL $1,631.72 $368.28 overti 1505.62 -5.62
361 ....................................................................................................................
362 OPERATIONAL-AOMINISTRATION-OFFICE $350.00
363
361 X V87-019 OPERA OFFIC SUPPL VCAT Rubber Stamp QUIKSTAMP I 5I.35 $2.00 $16.35
365 X V87-038B OPERA OFFIC SUPPL VCAT etch. pencil GSA 1 513.90 $0.00 $13.90
366 X V87-038C OPERA OFFIC SUPPL VCAT date, stamp GSA 1 $0.88 50.00 50.88
367 X V87-049 OPERA OFFIC SUPPL VCAT Rubber Sa,: QUIKSTAMP 2 S11.35 52.00 530.70
368 X V87-126 OPERA OFFIC SUPPL VCAT raf(,ng supply SHANNON I 525.30 50.00 525.30
309

TOTAL 67 5262.67

372 OPERATIONAL-COMPUTER/DATA PROCESS S750.5,
373
371 X V87-038A OPERA COMPU SUPPL VCAT Disk box GSA 3 52.21 $0.00 $6.63
375 X V87-022A OPERA COMPU SUPPL VCAT Inkjet cartridge PORTLAND STATE BOO 4 59.95 51.26 541.0
376 X V87-0258 OPERA COMPU SUPPL VCAT diskette boxes, 3 112" SMITH BROS 2 53.96 50.00 S7.92
377 X V87-025A OPERA COMPU SUPPL VCAT disk b, 3 1/2',cap 50 SMITH BROS 1 $15.96 $0.00 $15.96
378 X V87-022B OPERA CONPU SUPPL VCAT Oysan 3 1/2 disk WESTCOM 3 525.00 $0.00 $75.00
379 X V87-064 OPERA COMPU PARTS VCAT Printer Cable NORVAC I $1.67 50.00 $16.67
380 X V07-050 OPERA COMPU REPAIRVCAT CRT board, monitor PRINCETON GRAPHICS I 5i4.o0 50.00 $6.00
381 X V87-083 OPERA COMPU SUPPL VCAT Memorex 3 1/2 disk GSA, MENLO 6 523.70 50.01 112.20
382 X V87-086 OPERA COMPU REPAIRVCAT Compaq, power suppi WESTCOM 1 545.00 $0.00 $55.00
383



385 APPENDIX XV.:CONTINUEO ' <

387~ giiugg.u,,gi,~g, 1 4 1 1 , 1  DETAILS
388 ~~>

~369., -VCAT MAIN~N AUX SUB ~ACT1V- UI
1-9 -- RE- VCAT-VCAT: VCAT'.1-ITY_ -ECITO~~~ AUATRR.NUMBER ~ UNV SHIPPING.5 TOTAL
4 391~ "'NO --SORT, SORT SORT ITY ' OF IE VENDER, tPUR COST 2~COS~ COST~ ~

393XV -'01'OER CMP RPARVAT Epson,' Pr inter w-r XEROXCOMP. REPAIR I i?&S221 .18, SO 00 S221 18~~A
:~ 394 ?v8i1097AOPERA AOMIN'COMPU VC ,AT cr 'uI I vi n an s IkLESTCOM S
3 5VX 1-OI DS OPE RE '.41N MPU VCA MS 6 cr.~td'rwnto WEOP. i-~~- S1 I>~ 1~ S00s0 CO _1.0

399 OPERATIONAL.OEFORMATION .- S 50000- - -'-- --

01X V87-067 OF RA D E 0 S U 0P~ V C - AA~:~~ F 0L Q?5II 00 S SO. 19 8 0v- 0? X V 87-07O e -O RA 0n OEr 0R REPfiIRVCAT T VI-6  r i a r NESSCO I ~S70 00 i 0 00 S 70 00403 X V8 7-0 77 OPERA DEFOR REPL' VCAJ U I t ta:p spisor jET BROS 1 9:~0~s .7 SS17
lot x0 'V87-080 OPERA DEFOR REPAIRVCAT~ c.I i,17ub P' STAR LUMBER I'~ S22.69-, 5 0 226405, V87-OBBA OPERA DEFOR SUPPL VCAT,- Prsu, ant 8' F LA T dHANSELING 31 50 10~ so 0 10 Si?2 .31~
406 X V87-0888 OPERA OEFOR'S ~VCAT Pr so a ,$36' ROUND0,bar HANKS, WELD IN w j~~s. I SO.0~ 17.A
L07r X1877~007 DEFOROEFOR SUPPL VCA pi De -PARROS '10 S 15~ so .0oo 1~4H X V 8 7 03 0 0EFOR-OEFOR SUPPL VCA1 L I Q Ic s teeI PAKRS 3 S21 i5 SO. 00 S 6 5 7
409 X V87- I I2A, OPERA"DEFOR: SUPPL VCAV C :Ba t erue i Ps ARKROSE 6 ~ ~ S2.69 so SO0O $17.31~Y, -~4 10 X487-112B OPERAIDEFOR :SUPPLY CAT 'AA Bat t erits :>- RKOS j 3 .9 5 0.00 $13.962- <

411--X :V87-1 128 OPERADEFOR'SUPPL VCAT- :AA Bat ter its PAKS 2 52.93 500 GO S5 9 8 41? X. V8B7- 1I2 OPERA DEFOR SUPPL VCAT Gl6oves- TAKRS 1 SI -- -- 1 98 so 00 $'-~32'5 . -4l113 X V8 7 -12 1 OPERADOEFOR REPAIRVCAJ 5tto r3ai 30EC .00 -SO00' S330 .00 '4

2 C 21 t a 2 nrpairNS

41 4 TOA $5;2--53.6i
41 - - -- - -------------------- - -~ -. - - ,

1j'17OPERATIONAL-6EOCHEMISTRY S 5 0 0- - 4 - 0 02' ~-->.

119 :X V87-073A OPERA GEOCH SUPPI VCAT >P ip etEpe .of500, umVR ~1~ 5 10 2 30--$2 .230 Slot~ 30120, X487? 0738-OPERA4EOCH-SUPPI VCAT P1 P Ptj EODPndord,f 1000 uVWR I S102 0 S .00 S 1 20
41. X V8 1 073C-OPE RAGEOCH SPP1 VCAr 7Vol Flask',',lI I tP'r -VWR1~ 118.80-L4 50.00 537 60

'1-22 X V87'707 30 OPERA GEOCH SU PPI 4VCAT 4- Y'So o x -14e41 4R 2 -10 2? S0 .00-- - S21 .210?3 X V87-071A OPERA GEOCH SUPPI: VCAT~ Bo ,100aI6 MARKSCS, I S- -5S4.i .53

-126 X V87 07,B I I1I DKS ,7--- OPERA 6EOCH SUPPL o-)erop' t~ 1 2 $1.2 t00 1S2? 0 
-'M 

S N6
S2 8Xt YB 07EOPR .EO 0 0 S2S "ARSj425 ~x V i- 71 E% O PERA CEOCH, SUPPL, VAJ7 B o I 'o 2 '2 oa1 2 PkARKSON' i4 "4i 55 so 00" S1 15430 70 OPERA GEOCH SUPPL :V(A T, Si od ~ I 'NARKSON%~~ 6~ 00 1.0A 2 7 OSSA7i OPERA GEOCH PL'V C AT Piptc ti n00. d ARvSON I 50 SO .60' 525054326 X V87-0758 OPER EOCH SUPPL' VcAT4- G~o Frs,-00 ai I ,a MARISON S3 S 0 51.0 5.00: .16.50

093X V87-O7AGOPERA GEOCH SUPPL VCAT- BSodgum Fl50 1 6Spa VMR S1 522.05 5006520
V8735 74 OEAGCH,.SUPPL YCAT Pt iu m Norae d2 iURKO 2 S1. 50.0 18.90

431 X V87-O0SA OPERA GEOCH SUPPL - VCAT P Aricut. r t Ns:000t ARKSON' , 1 546.00 $3.05 $66.0.432 X V87-085B OPERA 6EOCH 1SPPLYC'AT VlFIsk-1013 icNAK.N--- ~T Satla ' - NRKON7 56.0 $0.00, S 17i5
63i 3 X-: V8-6A-PR GE M UP -TSdiu rie 15q VR$2.5 1 ; 2

V--07 OPER GEC -UP CT Po u itrateW 0 1 3

135 X 87 09 A PE kG OC :S PP V AT Ar i uI tu raMA 'KSON 44 0051"'



439 APPENDIX XV. CONTINUED
440

641 iI*euii eeieieei~ieieiil eeileiulilliliillie DETAILS Iiii eiiiliOiiiileilielliieieeieliteilee iiilititii

003 VCAT MAIN AUX SUB ACTIV- UNIT
III ORDER VCAT VCAT VCAT ITY DESCRIPTION MANUFACTURER NUMBER UNIT SHIPPING TOTAL
145 NO. SORT SORT SORT ITY OF ITEM VENDER PUR. COST COST COST
04 6 --------------------------------- ------------------------------------------------------------------------------- ----
447 X V87-093 OPERA GEOCH SUPPL VCAT cases GSA 2 510.21 50.00 $20.42
448

S55 .74 (545.74)

151 OERATi1AL- EN A /LS3ERv;1ONA. S750.00
452
5- A V-Oi0 ERA ;I'mN ! : E-:5 flis aevelop, LYN TYMERS k s24 bc 5 .ij S:L.

454 X V87-072 OPERA ADMIN FILM VCAT Fi. Print. Pacaya CITIZEN'S 15 51.60 50.00 S27.00
455 X V87-028B DBASE REFS NE1PU VCAT Exol. Volcan., SHERIDAN PROF. BOOKSTORE 1 $97.60 SO.00 $97.60
156 X V87-023B 0BASE REFS NEWPU VCAT Tazieff & Sabroux PROF. BOOKSTORE 1 $67.70 50.00 567.70
157 X V87-O2BA DBASE REFS NE4PU VCAT Arc Vo!canist, ARAMAKI PROF. BOOKSTORE 1 $101.00 $0.00 5101.40
158 X V87-023A D05E REFS NEwP' VCAT B ong PROF. BOOKSTORE 1 568.85 s0.00 568.85
159 X V87-082 OPERA OBSER SUPPL VCAT Video Cas. Batteries ELECTROMATIC INC 4 565.00 $5.00 5265.00
i60 A V87-109 OPERA OBSER 5*P. VCAT Video Cam. 20 mn tape A&G Associates 10 $5.47 50.00 $54.70
46: X '87-125 OPR OESER RE;A:RVc[' v lc'ta cae,- : van TYyERS 1 51!6.00 $0.00 sii6.00
162
463 TOTA. 5222.85 i572.85)

465 OPERATIONAL-LABORATORY $0.00
466
467 X V87-038D OPERA LAB SUPPL VCAT Duct tape GSA 12 $2.95 $0.00 535.40
068
169 TOTAL 535.00 (535.00)
70 --------------------------------------------------------------------------------------------------------------------

171 OPERATIONAL-LOGIST!CS $0.00
172
473 X V87-027 OPERA LOGIS SUPPL VCAT cardboard boxes FED. HIGHWAYS 1 516.12 $0.00 $16.12
474 X V87-038E OPERA LOGIS SUPPL VCAT Shipping box GSA 2 56.00 50.00 512.00
175
176 TOTAL 528.12 ($26.12)
477------------------------------------------------------------------------------------------------------
478 OPERATIONAL-LOGISTICS-SHIPPING 50.00
479
080 X V87-005 SHIP LiCS SHIP fI5yM awa:: Syl:cs :t DHL I 50.00 $.90 $.94
081 X V87-006 OPERA ADm!N SHiP MENLO Papers OHL 1 50.00 $0.96 51.91
482 X V87-071A OPERA AOwlN ShIP 0 paners DHL I 50.00 $.94 54.91
483 X V87-071B OPERA ADMIN SHIP o papers OHL 1 50.00 4.911 54.94
00 X VB7-081 OPERA ADMIN SHIP o papers OHL 1 $0.00 54.9t $i.94
485 X V7-105 OPERA ADMIN TRUCK VCAT fURNITURE SALEM, BLM 1 $37.43 $0.00 537.43
486 X V87-117 OPERA ADMIN SHIP ? papers OHL 1 $0.00 %&.91 $.94
487 X V87-113 OPERA ADMIN SHIP ECUAD papers OHL 1 $0.00 56.94 $4.9

489 TOTAL 572.01 (572.01)

61



493 APPENDIX XV. CONTINUED
491
495 **Im I***mm*Hee******4;**** I4* DETAILS *IlI * *I **I*ImIiI...g,..*f,., ,, ****,
496
197 VCAT MAIN AUX SUB ACTIV- UNIT
498 ORDER VCAT VCAT VCAT ITY DESCRIPTION MANUFACTURER NUMBER UNIT SHIPPING TOTAL
199 NO. SORT SORT SORT ITY OF ITEM VENDER PUR. COST COST COST
500 --------------------------------------------------------------------------------------------------------------------

501 OPERATIONAL-SEISMIC
502

S?; "'}S226.000 s $.0c0 22v.

S~S

51 V67-!: OEA CEO: SE~U VA Rpeor ,no KNEMERICS 1 51. $0.00 $16.85

L$28.00 I0S .

511 OPERATIONAL-TOOLS $750.00

5'' VE7-107C O:E-' CIEFOR NEO.U VC;' ~ ir ,ryer NORVAC 1 $6.95 so0. 0 S6.95
5:4 X VE7-1077 ? EDOR NEW,:j VC;! Portaso, Iron NORVAC 1 $24.95 $0.00 $24.95
515 X V81-107E OPERA M FOR NEWPIjj VCAT Spare toD NORVAC 1 $16.85 $0.00 $16.85
516
517 TOTAL $48.75 $701.25

518

519
520 TRAVEL S2,280.00
521
522 X V87-300 TRAVE ADMIN SCIE VCAT bankS, hi., Ss VOUCHER I S11800 $0.00 $118.00
523
524
525 TOTAL $118.00 $2,162.00
526

528
529 TOTAL $50.72 $33,911.b
530



APPENDIX XVI -- Unofficial ledger of US6S Operational Expenses
in FY 87

I File
2 87PASSRT.WKI 87 LEDGER
3 Last Update 27-Jan-88

S STARTING CURRENT
6 BALANCE BALANCE
7 S19B,000.00 S32,54i.8i

l9tcoin,, ile ,e,.,i *Eis iliiCitelI*4IllliOilti SUMMARY glENN iC iii I IIiiii ii i*IiiCiiI iic* t

FUN3 NG STARTING FUNDS FUNDS
.D CA1EGO FUC2S SENT REMAINING

------------------------------------- ------------------------------------------------------------------
.a TOTAL AS5ZSSEK iT,?c, ($b6,:3.Z7) $13,016.73

TOTAL PEQSONA. SERVICES St, 900 (74,994.76) (594.76)
:7
1f TOTAL C3h'R;CS $26,00c SG.G $20,000.00
*9 TOTAL TRAVEL $WLio0 (531,195.32) S13,204.68
20 TOTAL TRANSPIP r  $0.00
2 TOTAL OTHER $0.00

22 TOTAL EOU!DCENT 50,000 ($50,533.50) (5533.50)
23 TOTAL EXPENDABLE $8,700 ($8,734.58) ($34.58)

SUBTOTALS no assessment $198,000 ($165,158.16) ---

27 GRAND TOTALS S277,200 ($231,641.43) $45,558.57 TOTAL CARRY OVER
28
29
30



32 APPENDIX XVI. CONTINUED
33
34 Iilllilillillll..litttiillllllleliigil DETAILS 1llll IIlIIiiiiIIIilue tlItiil~III ili I gIIl

35
36 VCAT MAIN AUX SUB ACTIV- UNIT
37 ORDER VCAT VCAT VCAT ITY DESCRIPTION MANUFACTURER NUMBER UNIT SHIPPING TOTAL
38 NO. SORT SORT SORT OF ITEM VENDER PUR. COST COST COST
39 ------- ------ ------ ------- ------ ------

10 ASSESSMENT $79,000.00 $79,000.Co

TTAL $79,000.00 $0.00

BENEFITS USGS : $0.00 0
&? -2 Eh V1 i 1, LOCK44:T, GuAT USGS 1 $6 :.h 0 Wb :.76

EiERT, GUAT USGS : $977.Q.

09 P87-O0& PERSN WAGES REGUL VDAF USGS,Spis.tecns 24.16PP USGS, SALARY i S2i,300.00 50.00 $21,300.00
50 PE7-OJS PERSN WAGES REGUL VDAP USGS, JOHN 26 PP USGS, SALARI 1 $18,200.00 $0.00 $18,200.00
51 P67-OC" PERSN WAGES REGUL VDAP USGS, ANDY 26 PP USGS, SALARY I $22,500.00 $0.00 S22,500.00
52 PERF OVERTIME Z EWERT, ECUADOR USGS 1 $277.00 0 $277.00
53 PERiN OVERTIME Z LOCKHART,ANOY USGS 1 $268.05 0 $268.05
51 PERSN OVERTIME Y EWERI, J USGS I $640.00 0 $640.00
55 PERSN OVERTIME Y LOCKHART,ANOY USGS I $540.00 0 s5O.00
56
57 TOTAL $74,994.76 ($91.76)

59 CON- C' (OTW-E) $20,000 00

61 TOTAL $0.00
62
63 TRAVEL $&4,394.00
61
65 X P87-OISC TRAVE ADMIN VEHIL VOAP Banks, D.C. TA 5599, 11187 1 $22.90 $0.00 S,90
66 X P87-015B TRAVE ADMIN PD1CM VDAP Banks, D.C. TA 5599, 11/87 1 518.55 $0.00 $18.55
67 X P87-OISA TRAVE ADMIN FARE VOAP Banks, D.C. TA 5599, 11/87 i $458.00 $0.00 $458.00
66 X P87-025 TRAVE EMERG FARE VOAP Banks, Guat, TA 0059, 2-3/87 1 $884.00 $0.00 S88B
E9 X P87-G25 7RAVE EMERG PHONE VDAP Banks, Guat, TA 0059, 2-3/87 1 $236.00 $0.00 4 .0
70 X P87-025 'RAVE EMERG MISCL VDAP Banks, Guat, TA 0059, 2-3/87 1 $179.39 $0.00 S!79.39
7: X P87-025 TRAVE EMERG EXCES VOAP 2anks, Gat, TA 0059, 2-3/87 1 $1.!89.00 $0.00 $1 189.0c
?2 X P87-025 TRAVE EMERG PDIEM VDAP Banks, G:, TA 0059, 2-3/87 1 52,220.50 $0.00 $2,220.02
73 X P87-027E TRAVE EMERG MONEY VDAP Lockhart, Guat TA 0060, 2-3/87 1 $16.00 $0.00 $16.00
74 X P67-0270 TRAVE EwERG MISC VDAP Lockhart, Guat TA 0060, 2-3/87 1 $13.02 $0.00 $13.02
75 X P87-027C TRAVE EMERG EXCES VOAP Lockhart, Guat TA 0060, 2-3/87 1 $176.7 $0.00 1176.78
76 X P87-027A TRAVE EMERG HOSPITVDAP Lockhart, Guat TA 0060, 2-3/87 1 $250.26 50.00 5250.26
77 X P87-027E TRAVE EMERG FARE VOAP Lockhart, Guit TA 0060, 2-3/87 1 00.O0 50.00 5847.00
76 X P87-O05C TRAVE LIAIS VEHIC VOAP Banks, Co/Ec/CoRi TA 6213, 6-9/86 1 599;72 $0.00 599.72
79 X P87-0058 TRAVE LIAIS POIEM VOAP Banks, Co/Ec/CoRi TA 0213, 6-9/86 1 $2,509.25 $0.00 $2,509.25
80 X P87-OOSA TRAVE LIAIS FAIR VDAP Banks, Co/Ec/CoRi TA 0213, 8-9/86 1 $1,344.00 50.00 $1,344.00
81 X P87-0050 TRAVE LIAIS EXCES VOAP Banks, Co/EclCoRi TA 1213, 8-9/86 1 1533.85 50.00 5533.85
82 X P87-024 TRAVE LJAIS PHONE VOAP Banks, hawaii TA 0649, 1-2/87 1 $19.81 50.00 $99.84
83 X P87-021 TRAVE LIAIS POIEN VOAP Banks, hawaii TA 1649, 1-2/81 1 $729.60 $0.00 $729.60
84 X P87-024 TRAVE LIAIS VEHIC VOAP Banks, hawaii TA 0049, 1-2/87 1 $333.96 $0.00 5333.96
85 X P87-024 TRAVE LIAIS FARE VOAP Banks, hawaii TA 0019, 1-2/87 1 $5.00 $0.00 $08.00
86 X P87-0060 TRAVE LIAIS EXCES VOAP Ooukas, CoRi TA 0217, 9/87 1 5725.60 $0.0O $725.00
87

b'6



9APPENDIX XVI ,CONTINUED~:~~,~~4<s~W

9e3 Y>~ CAT,, MAIN, AUX~ SUB..-ACJ1V- --- -
9, RE~ VCAT, VCAV1 VCAT I TY- D.-WESCRIPTI'N MANUFACTURER NUMBER 'UNIT ~SHIPPING TOTAL
9 5 -- NO. SORT, SORT SORT OF ITEM< :VENDER PUR. COST~ 'COST- " COST~ -'

*,97.j

K ~98 X P87-006B TRAVE L. I A OIEMVA oka oiT 2738 1; S67 50 s '$677 Oi95 X P87-006C TRAVE LIAIS VEHIC VOAP: Doa CoRi TA O 217.?9I/8 7 1 S34,25< S0. 00 < S34.25<
--100 X P87-00bA TRAVE LIAIS FARE VOAP Ooulas- CoRi TA 0217,91 /8 1 s1 050'.00" SO.0, 1100.

101 X P87-0078 TRAVE LIAIS POIEO. DAP > Harlow, Co/Ec/CoRi TA 0211 , 8-9186 ~ 1 S S037.00 SO,00 S1 037.00
10 I? X P67-007A TRAVE LIAIS FARE- VOAP 'Har ;otCo/EcihcP TA 0211 , 6-9/86~ 1 'SI,3'i' .0 0 S 0 00OS.>3. 10_t.103 K- P87-OIIB'TRAVE IIAIS PDIEM VOAP Har low, ,anizaies T A 003 , 8/V 1 '3 2,2 7 5 $0,0 SI3&O ^125m
10 4,I0 X P67-O1iA TRAVE LIAIS FARE VOAP - ar !:w, y'n ali IA 00t'S2316 S101.0 50.00 !OI3'r1

X~'15) P87 011C, TRAVE LIAIS 14ISCL VOAP ', ar iow Yalf 2-es !-A 0035, 12187 1 , S80 71 ;SO .o00 $80171.-~106 X P87-0560 TRAVE LIAS! PHONE VOPP ouaEcL-2'ork JA08 /56 ~ 1 SO6~> 0.0O ljsotV
4'7 10 Pi1 O56A TRAVE LIAS! POIEM VDAP Doukas, Ecuador TA-01871 6/15187 -1 S? 37350, 2 17'5

~'~ 108 K Fe? 056H iiRAVE 'LIA5 I SHOT VOAP Doukas ,Ecuador ~ TA-0I187 , 6/15/87 1 S8.V SO ,0 0 SB .00
~109 X P87-0566 TRAVE LIAS! EXIT VDAP Ooukas iEcuador TA-01871 6115/67 1 S 2 0':100 50 .00 S120 0 0 -
>10 PB7-056E TRAVE LIASI CUSTOMYDAP Dou6.as , Ecuador TA-0 187. 6/15/87 1 $ 75.97 SO .00 S559l7 -

Ill X1 P87-056B TRAVE hIAS! VEHIC VDAP Doukas, Ecuador TA-0187, 6/15187 $210 s I 0 S12.10K 112 X P87-056F TRV IS BGA.A Doukas ,Ecuador TA-018 65 /67 I' '' 2.06 ~s 0. 0 .522 .06~-i
-; 113 XK P67-056CSTRAVE LIAS CHECK-VDAP Doukas, Ecu-ador.. tc TA-0187 6/15/67> si S31300 ~so .00 S1 3.010
1111A-~ P87-068 KTRAV IS E VOAP Ooukas ,Ewert . Ecuador TA-0187, 6/15/872 S1 3 .0,0 0 SO S262.0~V 115 X P81-054: TRAVE LIASI, EXCESSVDAP Ecuador, tripi DOWN VO-H-1256~- 5  I Si~1I215.50K $0 -00~ $S1215 50-116 ,XKP87-67 TRAVELIASI EXCESSVoAP Ecuador tr ip, UP TA-0 187 0 6115/67: A' S0O0< sS800 '00 s-
1~< 17 X P87-055E-.TRAVE LIASI BAGGAGVDP Ewert, Ecuador JA 0186, 56/1587j & $45'.00' so 000 sls.0
118 A P87-055AIRAVE:LIASI PDIEM VOAP Ewert, Ecuador TA 0186, 6/15/87 1 1S~2,373- 50 -SO0 .00«>S2,373.50'~

19,XP87-055C TRAVE L1ASI CUSTOMYDAP , Ewprt , Ecuador T A-0186 , 6115/81 :1' 156 68 so0 02 S ~16'&Ai' >2 -6

1j20 X P87-0550 TRAVE LIASI PHONEVOAP 'Ewrt, Ecuado r5  JA70186,: 6/15/87 ~Xi1 120'22' $000< S 20.22'~% 121' X P87-O5BS.TRAVE LIASI CHECK.VDAP Ewort, Ecuador, TA 0186', 6/15187 1 SIA $j0~$5~~ - .0O0<$ 115.00--- "1'<x22 X P87 053 TRAVE LIASI POIEM-VOAP Harlow, Guatemala TA 06106 3/3/81 '1 300.5 0o4:SO.00 $1300' 50~
>~123 X- P87-,027F' 1TRAVE 'hAS!- POJEM VOAP ' Lockhart,s Guat ; TA>0060, 2' 3/87 1K $1 846.00 SO 00 11;,8 l66.0 0
~12C'X P8-5:TAVE LIS P M DP Wh ite , Guat l ~ TA 0105, 3(30/87 -'1,~ S300 .50 $0O 00~ '300 50

':,125 ~ 
. aea.

1
sSk ~~~t~~f

-26 TOTAL BALANCE 131,195. 32, S13198-6~8~2ix -:~~SA
127 - -- --------------- ---
128s TRANSPORT - ~ - -- '-' SO o. - J s' PS- >

130 5 s' TOTAL ' 0
132 OTHER4  00A~ -- ~5 A55

- - - - - - - - - - - - - - - - - - - - - - - - -

1357~Z,~

138 P87-061 ASEISM SYST NEWPUVOAP ~ Sti'smosters, 'Lic -ARLOW 8 - 170.00 SPO ,15,360 .00
139 P87-059 SEISM SYST NEWPLIVDP UHF rai dio' ar~ HARLOW-- 11,050.00 v~0 8 00
p110 P87-058SEISM SYST NEWPU VOAP -Solar P&AISl - "S ~HR'-t 's 1 87.50 $00 18S75 .001it PS7-057 SEISM 51ST uEuPU IjA ,- U$Fatrnas 1P0H 1100 100 12"76~~
102 187-0160A SEISM 5YT NEWPUiVDAP , GOES Satolli to ClIock HARLOW 'A j13150.0 10.0 0 13,750.600'143 

- - -- 
-

5'7

-P7"
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10DETAILS c,

'149' ~VCAT MNAINi.AUX SUB AC TIV,7 -FUN__I__T7-.-7"--____7 -7"'77NI150 'ORDER:,VCAT~ VCAT VCAT, ITY ~ DESCRIPTION MANUFACTURER NUMBER UNIT ~SHIPPING TiOTAL i
151 ~ NO. SORT SORT SORT ~'OF ITEM VENDER ~" PUR; COST~ i yCOST''I COST
1 5 3 

'

22'151 -0608 VSEISM SYST' NEWPU VDAPK GOES Satel I te Antenna HARLOW ' ' "0 S.0 5.O, 50
S155 -060C SEISM. SYST NEWPU VDAP Tr i ?e r tie output ;'HARLOW I 1 7540 00 S5251Oi0 00
';.5b P87-062 SEICm SYST' NEV VDA:P VC0 V4NSHAfCj: B S270 .00' 'S()O.0 2 160O .''010
!1~i7 PE7-O63 S;'S; SYST NEWU VOAP gc r 'foraors A5-L "' 150-00 SO .00~ .S1,200.;0 0~~ '2 155 P87-061 SES iSY ~ST NEWPU VDAP Rac , I-Ir Su vp I esc C A~~AL K 1 5300 .00 50' 00 S2300 .00J ' 19 P87-065 S;.ISX SYST NEhPU VDA 'P Cables ,Conr~ectors VfANS4AAK 0 10 0 000 so 00 ~ S1, 000'.0 0

10 :7OA E.SM SYSa NE WPU VDAP PS-I KIEM; C0 2 sa 0 C, o 0!1 61 ?67-066'SEISX SYST NEMPLVOAP A/C, ooarc anc software Ib A F 0.00 l
!62 P87-066 SEISS SYST NEWPU VDAP Phone wire LAN HARLOW I 50. 00 S'5Go.002 i ~00'~i

S163 P87-066 SEISM SYST NEWPU VOAP 25O~b WORK Disk ORv~ HARILO 10.00 $L0.00, S 0 0 0"161 P87-066 SEISM SYSL NEWPU VDAP IBM/PS7 2wlmath coprocesHARLOW SO00 so.0, o
165 P87-066 SEISM SYST' NEWPU VOAP IBM'Pr'r inter A~'' HARLOW 1' S13,129-50' $0.00S1,295
166 P87-050 TEST SYST NEWPU VOAP a ma st vk ,PC Power supply WESICOM 2 S75-001 SO; 00 22 15 0'~0~j2

9 167 P87-01 SEISM:SYST NEWPU VOAP Zenith, laptop 'ZENITH 1 $1 96,.0 So 00;S 4.0
168 ~
169 'TOTAL S500533.150 (5189.50) ' ~ ~ 1
110 

-------- 5 -- - -
171 EXPENDABLE ASSISTANCE SUPPLIES S 58,7 23 0 0
172

173 P87-013- 08ASE COMPU UPGRAYODAP: 256 K1mOS ,y. ra ICA STR ICRTECH 32 :'S3-o5 53 00 S5126' -20 * '171 X P87-012 EXPEN COMPU SUPPL VDAP Printer ribbon BETA BUSIN4ESS 6 $'54 5 'S618b y S21 56 I175 X~ P87-008 EXPEN COMPU; SUPPL VOAP BornoulIi: 'disks, 20Oaeg WESLUNO L' $ 79300 S3.0 l'''12liO 701r 176 X P87-010 EXPEN COMPU SUPPL VDAP 'Diskette box 6 6LOB AL, 5 11 79 S53 .73 S'''1?2'6"K<17XP87-051 EXPEN COMPU REPAIRVDAPI TTXpress.' int r URPLECOMPUTER' S1 250 0 0 so .0 S50 .00K 178 X P87-049. EXPEN COMPU UPGRA:VDAP' Hard disk instal. i ESTCOM. I S~ 137.O~ 50 50.00 $2137.50
~179 X P87-069 EXPEN COMPU REPAIRVOAP P ri n c e o n Mit o r PRINCETON GRAPHICS 1" S30 60; 110.792' 54i1. 3 91i~

11SU8TOTAL ~ .$30

S s3 p 87-023A EXPEN DEFOR TELEM, VOAP Ni sate t o tU .F adapter 'PORtLAND RADIO -S- 6.79 S 2O002i 52 '1181 X P87-0?3C EXPE DEO TEE VO-F Solder N fpoale connectoPORTLAtND RADIO 10 -535 so0 00" S53-50ISA F7-0!0 XP EN DEFOR TELEX O? Sle e nnt6r OTCNi08 1 5C 0 S8.C
'~186X P87-0200 EXPEN OEFOR ELEl VOAP l Cp s K OR VA 6 ''"'-' S3.1 so 00 518.90

17XP700,EPNEFRTLEM VOAP Book, 00COS "" NORVAC I~ 1'S21 9S' so S 00> S2k 95IM X P87-023B EXPEN DEFOR TELEM VDAP~ ''N sate to N @a 19adapteORLDRAI 5 5 50 52'5~
19P87-022C EXPEN DEFOR-TELEM VOAP Base station adapter kitLARSEN 1{LE& ~6' 118'.83" $000 11I12-98

1 90 X P87-020A EXPEN DE FOR TELEN VOA P , T ri Ial N ORVAC I~ S 21 1 52 28 "S of 0 S2.28
191 X P87-020C EXPEN OEFOR'-TELEM VOAP, tubing< NORVAC - 1" .$21 1 50.00 2 *12-1?X POT-0?0B EXPEN DEFOR TELEM VOAP Probe ~'''~" N0RVAC, I- S2' ' 16 .95w 50 00 $S6'95

~193KX487-022B EXPEN DEFOR TELEM VDAP Atoa L-0 ASN LC .0 17.51

195' SUBTOTAL S06.63 j-' -;,

197-X P87-0348 EXPEN EON SUPPLVOAP Bosch Battery ~ .PORTLAND' CONTRACTO~ 1 $79 V67 $0.00 9 7.
118 X P87-033 EXPEN EON~ SUPPL VDAP 1 Pr ism is comtaipr ,LEWIS:.NO LEWIS 28 - $83.00" 10.00 523400

-1,994

4~~~~ 4r~K. '

K'4' ~ J

~A 'K ~ p '



; 201 APPENDjXXVI CONTINUED

204KK2

-L....O5- VCTMAIN4UXSUB2 CTy . jUI
KK 206~ ORDER VCATi VCAT VCAT -ITY2 DESCRIPTION- -' MANUFACTURER NUM'BERJ-UNIT, S4 IPP IG-TOTAL ~ -207, NO. 'SORT ?SORT <SORT - . OF ITEM LVENDER~ PUR . COST CtOST COST K <208-

210 X P87-029B EXPEN EOM SUPPIL VDAP Mirrors USGS WAREHOUSE ~ 2 S5.5*j $0.00~ S10 30 '-<

211 P87-034A EXPEN EOM SUPPI VOAP Rock Anchor PORTLANO CONTRACTO~ 100- '52.83 S3,63'1 52861.63
212 X P67-029A EXPEN EOM SUPPL VAP~ Benchmarks USGS WAREH1OUSE So SI168~ $0.O00 $74.0
213 X P87-019A EXPEN EDM- SUPPIL VOAP AAA Batteries, NICAD F. H, MARKETING 30 51.89 'S,0,01 $56.70K
21t X P87-038 -EXPEN EOM SUPPI VOAP Battery, 12 voc , 5 an PADAP ELECTRIC 1 S219.680 S3.64 -S122. 8 ' 4
215 X P87-011 EXPEN EDM SUPFL VDAP .hardware VAN BOLT - I S15.89 ;SO .00 5 .s B 9 ~
216 X P87-056i EXPEN EOP, SUPPL VOAD Doukas, Ecuicor, casof TA (-C; 3/301m $50 so AO So 5 08KP K-K'K
217 x ?87-0561 ExpE EO tPLDA Oolk as , Eu or, to 1s TA" 0:05, 3/1,0io7 6 'S.3 6. KS000 So 63-

K 218 x P67-056K EXPEN EON SUPPI VOA? Doukas, Ecuaaor AT batt'A 0105. 3/30/87 1 S26.50 SO 0D0 S2b.50
21i ~K~K

K 220 SUBTOTAL -S3.010.0t,

4 221 - ~K?
X 22 P87-037H EXPEN ETILT SUPPI-VOAP I i t 217002 'NORVAC 10 $0.66 .$~ 0.00 $6 3~223 X P87-037A EXPEN ETILT SUPPI VOAP - Chassis box NORVAC 5 .10 8 ~SOo0 $15 .021 X P87-037G EXPEN ETILT SUPPIL VDAP @ Is 100 u fd - K NORVAC 6 ~ S0.50 ~S 0'0 0 S 3 ;0 0

25XP87-0328 EXPEN ETILT SUPPIKVOAP thermal paper, 3TX pressRAOIO SHACK - I 9-2i.95 S-5.0 0 524 .9 5S 226 X P87-030A EXPEN ETILT NEWP -VDAPi Diskdrv Chipmunk PORTABLE COMP. SUP' I S399.60 so .0 S390227 X P8-3PEXPEN ETILT SUPPL VDAP P -is. IOOOufd - OVC12 Kp~390

K 228 X P87-037C EXPEN ETILT SUPPL VDAP power jacks :NORVAC '6 -~S.2 SO00 'S i 32~~ 1229 X P87-030B EXPEN ETILT SUPPL.VDAP Diskettes, Crilpounk PORTABLE COMP. SUP 2 S50 SS.0Q"KS 0 0 0 Si0 1
S 230 IX P87-0378 EXPEN ETILT SUPPL VOAP pefbadNORVAC 1 S1'3 K 0 $Q 0 0  S11:.35 -- KK231 X P87-0370 EXPEN ETILTSUPPL VDAP soldering t ip ~ NORVAC> I S' 8$YGS0O~ -.fKK 232 X P87-032A EXPEN ETILT NEWP VOAP TRS-80. mod 102, manuafl RADIO SHACK , I ~ S15-60O 50.00O 1 15.00 P~ W K

233 X P87-036 EPNTI4W VDAP AGI Tiltater 700 APPLIED GEOMECHANI I S2,100.00 511 .75 S2, 111.75' '

':K234 ,X P8-07 EPEN ETILT SUPPL VDAP ,jim 671-3b NORVAC 3 07KOJ 0 -2325XP87-031 :EXPEN ETILT NEWP VDAP - ~Batt, Pri nter,~ IRS 80; TRAVELING SOFTWARE I ~sS129.0 S5O 5134 .00-
?3 87-0 19B EZPEN ETILT KSUPPI. YOAP AABatteries, ALKAL > F. H. MARKETINGK st45 SO64 'S 002. S30'.72'7 237 X P87 039% EXPEN ETILT SUPPILVAP Sa~5fe Ski MEK? I K 2,5 20 9

238 X 1 87-0L0 EXPEN ETILT SUPPILVDAP -Pel ican case - -PELICAN PROD0 1 S32,. 87 S2.69 ~' $35-5K,
72 39 ). P87-046 EXPEN E T ILT NEWP VDAP- T.RS-80 sod 10? PA.) 1DI SHACI K~ 1 S103.8t S,000 S 103.84 I~240 X P87-076 EXPEN ETILT, REPAIRVOAP TID Radios 1 AD S1- - " -65 0' 55 1,~ 1fi -

K2K0 SUBTOTAL KK- 886!~~~- -

S241X P87-077,UEXPENGEOLO FIL K, P FiI dovelopiing' CITIZEN'S I2<CKKVK-K-so 50 0 St- .50U2145 X P87-021 EXPEN EOLO-FILM VOAP ~Fillsdeveloping K KROLABI S1, 75 s.0$.5
K246 X P87-071 EXPEN GEOLO FILM VOAP FilIs developing, EcuadorSANOY'S 'I S2.7 0 .00 $28.7
AK~247 X, P87-0,70' EXPEM, GEOLO FILM? VOAP ~Fi IW deve I, K'~n E-ad<>~248piP~i~oOE1ExPE aEL~NP VOA rPK 7K~EU~ SANOY'S 1 ~ S 30.75' 00' -507

20XP705JPNG0~MP DP Banks, Co/Ec/CoRiL iTA'0213,- 8,79;/86 1 S22 .60 - 000 S 22.60 f.-2 49:,XAPB7 OO6E EXPEN GEO0LO MAPS VOAP iDouk a Is,. C I --KJ I A IA 0217, 1 /87 1~ S37 -60'. 5O00 S 37K?67y 50 X'PI!7-025 EXPEN GEOL MAPS VOAP ~Banksl u't, TA K 1-A0059,2 /l 1' S50' 50.00, . 500'
--25, XP$7-007E, EXPEN NEL APS VDAP Harlov,,Co/Ec/CoRi, -TA 0211, a-i~ ~ ,1 S55.63 56 $2 57.63,
'252 X P87-025~ EXPEJEOL PHOTO VOAP Bjaks,,Guat, TA1 0059 2-3187 1 100- 0253' X P87-056M EXPEN SEOLO PH07S VDAP 'Doukag 1 .Ecuador, ?volamoTA 0105, 30/7 1 55-4 500 $535641
251AX' P61 021 EXPEN 61EO-LO REF VOAP 8isks, havaii'-v',, TA 0049i 1-2/87 1i S I a 0 $ 1I 51,06

255,
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'258~
259"uuueo uuuau~egua~~eep DETAILS.~111II~IIIINI~l4IH HIH HI~lNiI

260 . " ' 4 '.. '

21__ VCA.T -MAI N_ AUX _SUB_ ACII______________________________
~' 262 ' ORDER VCAT_ VCAT_ 'VCAT ITY DOESCR IPT ION' MAUACUER 6MHER UNIT- ,SHIPPINGT~ TOTAL4~

263' '~ NO.~ SORT~ SORT SORT OF ITEM .,VENDER 'PUR. COST COST,' '~COST'
264

''"266' X P61-025 ~.EXPEN GEOLO, VIDEO VOAP Banks, Guat,' TA0059, 2-3/817 1 S20 .00 $O'.00 S 20 00'''"'
, 267 X P87-073 EXPEN LOGIS REPLACVOAP Shi ppina cases, Jensen 2JENSEN I S179.00 $ 0.00 15 179.00 '

766 X P87-028 EXPEN LOGIS SUPL VOAP USGS. decal 1-5/6 USGS WEhOUSE 100 SO .07 ', 0 S.00 17.00"' '' ',§ 269 X P87-056L EXPEN MEIEORDATA VOAP DOcuas, Ecuador, REPORT' TA 0105, 3/30/67 '1 $15.23 i'$0.00 S 15.2 3
270 X P87-072' EXPEN OPERA COPY VOAP f i le,process,.ateaa TMERS 1 534.44 o 0~0 534 1'4 'A

271 X P87-2iZ EXPEN OPERA COPY VDAP 1 /2" star dril 11PARKROSE I SI.39~ 50.00 St.~ 539
27? X P87-ill EXPEN OPERA COPY 'VOAP ' Pipe ";YPAR4ROSE 1 1 .000 'S 12'00 '--'""
2'13 X P67-ZZZ EXPEN OPERA COPY' VOAP "AAAMBatteries 4  $PA~rKROSEI 1.97 so0.00 is:. 97~4v'
~7 1 X P67-ZZZ EXPEN OPERA COPY VOAP. 3/f"star or-'I IPARKROSE '.I i6.iB SO1.00 'KS64 ~ <

~275 X P87-01 l EXPEN OPERA COPY VOAP. Ceniza, paper N71 5 $55.80 so0.00 Sz 296'
~,> 276 X P87-035 EXPEN OPERA COPi V04P Repo. Pacava map 1) P.; S 5 'S2.00 '1ol.D0 SI1.00
?74 P C' 6 EXPEN OPERA SHIP 'VDAP SF S1175 Ba nkS&L ockhar I OHL I $1;1 SO.0 $1~ .54J

S218 X P87-009C EXPEN 7RAIN.VIDEO VOAP' Video ta~e;, 112 10,ai A&GASSOCIATES. , 5 ~ S3.83 $20 .00' W<' 4 15~"" '*k
279 X P87-075 EXPEN TRAIN VIDEO VDAP Guluftggung tape convcertCALIFORNIA ' VIDEO I S7. 5 0' $,5500 S78 .50~'1' j
2560 X P67-011 EXPEN TRAIN VIDEO'VDf.P Vid tape, JVC 1120 inA&G ASSOCIATES- 10' S5.17 2'S2.25 $5 7
28) X P87-018 EXPEN TRAIN VIDEO VDAP T-2000 train slie JYMERS 1 $ I S.75' 10.00 U.7

, 262 X P87-0098 EXPEN TRAIN VIDEO VOAP Video tape, 1/2 30.si A&G ASSOCIATES" 5 '53.88 '50.00 $ 190 x R

1, 283 X P87-OOIA EXPEN- TRAIN VIDEO VDAP Vide'o tape,'I /2 90 ai n A&G ASSOCIATES 5 Sl.59, 50.00 $29

TOTAL S6,731.56 (S11 156) "" WK J'
286 IIIIt4***I* .

285 J OTALC 559,74 51651018,16; ' "

291

4% ,


