
SECOND &MMXEW  AND MION ‘IO
ANNEXIX
OF THE

mEl.lEP- OFE3ERGYOF~UNITEDSTXPESOFAMERICA  .

THE MINISTRY OF = AND MINEiS OF ‘IBE REPUBLIC OF VENFZJELA
IN ‘IHE AREA OF

SUBSIDENCE DUE To FLUID WITHDR?HU

WHEREAS,  the United States Department of Energy (herernafter referred to as
DOE) and the Mlnlstry  of Energy and Mmes ot Venezuela (hereinafter referred
to as MEZ4V) desire to cooperate in the field of energy research and
develmnt;

WHEREAS,  In the furtherance of their mutual Interest DOE and MBlV entered into
the Mreement  in the field of Energy Research and Development  signed March 6,
1980 (hereinafter  referred to as the Energy R&D Agreement);

.
WHEXEAS,  on July 12, 1983, DOE and MFMV entered into an Impknentrng Agreement
in the area ot subsidence  due to tluld wlthdrawal  (hereinafter referred to as
the Implementing Agreement) ;

WHEBEAS, DOE and MEXV have a mutual Interest in technology exchange on the
prediction ot subsidence  as a result of fluid withdrawal;

WHEREAS, DOE and MEMV have a mutual interest in unproving  their present
modeling capabrlity to predict the occurrence of cracks produced by subsidence
due to tluid withdrawal and/or removal ot subsurface material;

WHEREAS, an ability to predict the occurrence of the potentially damaging
ettects ot ditterential subsidence  is of consrderable  value to many #IE and
MEMV programs;

WHEREAS,  near-surface cracking has been &served in 011 fields of the Bolrvar
Coast, Venezuela, In response to discontinuous dlfterentlal  subsidence,
providing  a unique  test area for the developnent and evaluation  of predlctrve
mcdels for subsrdence  ti horizontal deformation;

WHEREAS,  sune coastal dikes have been built to protect sane inland areas
presently below sea level at some densely populated  zones and to marntaln  tne
oil and aquifer prcductron fran this area of the Maracalbo  basin;

WHEREAS,  approxrmately  80% of the Venezuelan daily petroleum production
oriqrnates in the Maracaibo basin;

W, Article 7 of the Implementing  wreement  ani Artrcle V of the Energy
R&D wreement  of March 6, 1980, provide that DDE and MEMO may amend the
Implementing Agreement by mutual written consent;

It is agreed that the entire Implementing Agreement be replaced with the
t011cnnmg:
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ARTICLE 1

In accordance with Article V of the Energy B&D Agreement, the Venezuelan
representatives of the Steering Cuanrttee have designated IIwEVEP, S. A to act
on behalf Ot MEXV under this Implementing Agreement. INIWEP and D3E shall be
hereinafter referred to as the Parties to this Implementing Agreement. me
Assistant Secretary for Fossil Energy shall be primarily responsible for the
programatic aspects of this Implementihg  Agreement for DOE. Lawrence
Livemore National Laboratory shall carry out DOE’s technical responsibilities
under paragraph  A, B, and D of Article 2 of this Implementing  Agreement. Each
Party shall deslqMte one Project Manager for this Implementlnq  &reement;
these Project Managers shall provide technical management and cmrdlMtlon  of
the tasks described ln thls mplementlng  Agreement.

AKTICLE  2

The Parties shall cooperate ln tasks ln the area of subsidence due to fluid
withdrawal as set forth below:

A detailed statement of work is provided in the Appendix to this Implementing
Agreement.

A. Geophysical Probihg

Task 1: LLNL shall provide IFREVEP  with a detailed review of the
geophysical techniques that have merit tor determining the nature ot
fractures at three specific sites on the Bolivar Coast. Each of the
above sites shall be considered in terms of its own underground
characteristics, such as saturation, fluid amposition, and
material-type. The techniques to be evaluated shall include, but shall
hot be limited to, surface based electranagnetlc  radar, electrical
self-potential, two-loop mutual mpedance,  electrical reslstivity,
seismic transmission, excitation*f  -the-mass,  borehole-to-borehole
SlqMl-transmlsslon, and selsmlC emlSSlon.

Task 2: LWL shall provide IWEVEP with recamendat ions for
implementation of a reconnaissance system for detecting cracks and voids
within the dikes along with Bolivar Coast of lake Maracaibo.

Three methcds shall be evaluated for mnitorihg the dikes, Mutual Impedeme,
Flagnetanetrlc  &slstivlty, and EXcitatlon of the Mass. The first two
techniques are for detectmg  and delineating voids in the dikes and the third
for detecting seepage paths under the dikes. Based on these evaluations, LUG
shall design a system and plan an experimental program to test Lt. LLNL and
R+BXVEP  will jointly review this plan an3 decide tiether to proceed with
system fabrication and field tests, as a cominuation  of this msk: if the
decision is made to proceed, such activities shall be the subject of a future
Amendment to this Implementiq Agreement.

IWEVEP shall acquire samples of materials fran which dikes are made and ship
these samples to LLNL  for purposes of electrical characterization.
Alterrmtlvely, INTEWP shall provide to LLNL measured values or data fran
which the characterization can be derived. IWEVEP shall also provide
detailed drawings of a representative dike.
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Task 3: Fullwave  Recordmg ot Data fran Acoustic Dnlssmn Pxperment.

A decision to include this task shall be made by the Parties at a later date
and, if included, it shall be the subject of a future Amendment to u-his
Implementing Agreement.

Tasx 4: Swept-Frequency Radar Development.

A decision to include this msk shall -b made by the Parties, based on
fixed-trequency radar mvesttqatmns  done by INRZVEP  and, if included, it
shall be the subject of a tuture  Amer&uent to tms Implementing Agreement.

B. Seismic Hazard Studies

Task 1: Structure and selsnlclty.

a) SelSmC Netwxk InStalIatlOfq/lhta  AOqUlSltlm.

LLNL shall assist INJEVEP in developing a model for relocating current and
past selsnlclty aftectlng the eastern Lake Maracaibo region by temporarily
deploying portable digital recorders and LWL’s central recording system to
collect waveton  data tran tne INEVEP network. TRese portable recorders
shall remain installed until tne INEVEP network is operational. Cassette
tapes tran these recorders shall be returned to LL& for transcription and for
preliminary  processing.

b) Seismic  F&traction Data Collection.

Atter the INTEVEP *log recording system is Installed  at permanent sites LLHL
shall mstall additional stations with the assistance of INTEVEP personnel at
up to 20 temporary sites located along refraction profile lines. Data fran
several planned tuned explosions (1 to 3 tons) shall be recorded using LWL
portable statmns  and cmbmed  with dlgltal data fran INIWEP’s dlgltal
stdticns in order to develop an accurate mdel of the shallow  crustal
structure.

c) Crustal Model Inversion.

LWL mall provide MCEVEP with six cmputer programs and technical assistance
for tne developnent of a crustal  mdel tar relocating current and hlStOrlC
seismicity in the area ot the Iake Maracaibo  Bolivar Coast.

KNLshallperfonn  a prelunlnary interpretation of the data collected in
Subtasks a) and b) for shallow structure m order to locate any sersmicrty
recorded by the ambined network of pemanent  and portable digitally recorded
stations. Fill interpretation and model developnent shall be done by INIWEP
upon conversion ot the SAC progranr  to the IWESJEP  IBM 4341, transter ot
crustal model inversion programs, and the availability of seismic reflection
protiles and velocrty models near tne network.

d) Source Medmnlsu  Studies.

LLNL Shall asslst IWEVEP personnel m the analysis of focal mechanrsns  for
selected events
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e) IBmmentation  and Training for Use of Canputer Programs for
mysEa AMlyses.

LWL shall pmurde docunentatmn  for ahputer programs described in Task c-)
above. obese programs mclude  programs for seismic data display and
pmcesslng  (SAC), modehng ot semim source mechanisms, inversion of travel
tmes tor velocity structure and location refinement, and other aspects
contained in these tasks. KNL mall pruvide  greater detail on specific
programs cn request. LWL shall also train INIWEP’s personnel m use these
programs at LL&& or on their IBM amputer.

f) Conversion of SAC for the IBM 4341 Cauputer.

LWL programners  snail assist INTEVEP aanputer  pmgramners  and provide
intonnatmn  necessary tor SAC to be mplemented  on IIlmEmP’s  IBM 4341. L
shall provide SAC to IWIZVEP  on the understanding  that SAC cannot be copied or
transferred out of the PDVSA8s  (Petroleos de Venezuela S.A.) system. INTEWEP
shall provide  L,WL with a copy of the FCWRAN  source mde for the version ot
SAC wnch INIWEP develops for tne IBM 4341.

Task 2): Semnic Hazard Evaluation.

a) Custanized methodology tor estmating  the seismrc  hazard.

LWL shall assist IIWEVEP  in characterizing the seismic hazards in the eastern
Lake Maracaibo  region. A methodology previously developed by LKHL will be
moditied for application in Venezuela.

Wo types of data are necessary to perform this analysis. The first type is
the description of the seismic  activity, in the form or a set of selsmlc
zonation maps and their associated selsmicrty  parameters. lhe second type 1s
the description of the ground notion attenuation as a function ot distance
tram the source and magnitude (or intensity) of the earthquake. These data
will be provided by two sets ot experts cnosen for their general knowledge of
the area considered and their expertise m the fields of selsmlcgy and
earthquake engineering. The tirst panel of experts will be organized by
INTEVEP with the help of LINL in the selection of tie panel members. For this
panel of experts on zonation and seismlcity (ZSP), m less than five (5)
members will be selected. lhe choice of the experts will be made in mncensus
between IIWEVEP  staff and LUG. tot the second panel on ground mtion
modeling (W), two teams will be formed. One team will consist of INEVEP
experts and the seani team will be formed of LUlL statf.

IUIL will prepare and send the questionnaires to the experts and collect their
answers. me actual cmputer flies for use in the IUL hazard code will be
partly developed by LUL and partly by IWEVEP.  !bese will include:

0 dlqltlzation ot the zonation maps  (an average of two maps per ZSP,
to be pertomed by IWEVEP).
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0 generate the tiles of seismlcrty (one file per ZSP, IJNL will
develop the file for one expert and help INlXVEP  in the develwnt
ot the remaining tiles).

0 test these files for consistency and correctness (KNL will review
all the urpot files).

I’
LLNL  will update its canputer  oodes and We changes necessary to account for
the specific needs of this analysis.

An exhaustive sensitivity analysis will be performed to ascertain the relative
importance ot each of the parameters used u1 the analysis and determine if any
more work is needed. No major work m the field of ground motion tieling
Will be performed. Rather, the ground mtion mOdels, provided by the experts
of the Ground Motion Panel, will be derived fran available models.

A set of hazard cumes grvlq the probability of exceedance, with its
uncertainty, will be provided for one site. These curves will be used In
other studies by INIWEP to choose the appropriate seismic  loading for
pertommg  dynamic analyses of the dikes.

b) Transfer of technology to INIEVEP.

The codes nc~ available at LWL have been developed for the CDC 7600 system
and possess m features specific to KHL, such as the plotting package.
INIXVEP  will need assistance to transfer and learn how to use these codes.

LINL shall pride the LWL hazard codes on tapes along wlth users manuals as
early as pcssrble in the COUrse  of the project. IMIEVEP  staff Will  set these
codes on their system, however, because ot tne canplexity ot such &es, LUIL
will provide to INIEVEP  an employee knowledgeable with the cedes to assist in
the setting-up and training in the use of the codes for a total of two weeks.
In a tirst step, the codes will be transferred to INIEVEP in their present
torm. IMIEVEP  will adapt these codes to their system with help fmn the LWL
statt . In the second step, a LLNL employee wrll deliver the custanned  tales
and provide assistance for a period of one week at the INEVEIP  location. Sane
trme later (approxtmately  1 or 2 months), LWL will again send an employee  to
perfect the training of INIEVEP statf in using the codes, after they have been
able to get M3re familiar with them.

c. Theoretical Studies on Canpactlon

Task 1: DOE and WIEVEP shall jointly aduct an exhaustive review of
the literature to establish the state-of-the-art with respect to
conceptual and mathematical theories of cQnpaction and its relationship
to Subsidence.

Task 2: DOE and IIWEVEP shall jointly review the existing theories,
laboratory methods, tleld methods, and synthesize them into one
state-of-the-art report.

D. Petrophysics  Relating to Conpactlon

Task 1: l&oratory Measurements on Disturbed and Undisturbed Core for
Parameter Evaluatron.



LWL shall measure the et;tects of disturbance  on the mechanrcal  ptopertres of
clay and sandstone samples provided by INEVEP  by contrastrng  the benavlor of
the cores as furnished with the cores further distur&d by pressurlzatron
follow& by depressurtzation. Results shall be tumlshed  in the fon ot PV
curves and a tabulated set ot PV and acoustic velocity values tor each test.
The data shall be Interpreted and ccncluslon  of this W by LUG. IWEEP
snail collect and shop appropriate &t of 4-&/Z” core samples to LLNL. .

Task 2: I&oratory Detennlnatkon  of Parameters for Model Sunulatlons.

LWL shall perform three types of laboratory measurements to define the
behavior of the relatively undisturbed rock core furnished for laboratoq
testing by IXWEVEP. ksults shall be analyzed, conclusrons  presented and the
data sets prw~ded  by LWL to INIEVEP  at the conclusion of this task, fmn
which model parroters shall be detetmlned. Tne data sets to be provrded are
Mohr-Colounb  fallure envelopes, elastic m3du.b an&hlgh  pressure
canpresslbrlltles. ‘Ibe& amductivlties ad dittusivlties will TY)t be
determlr& as stated in the First Amenchnent  tc) Annex lX due to inadequate
consolidation of oore material making  these measurements unpractrcal. INlWEP
shall select, prepare, and ship core samples to LLNL.

Task 3: Laboratory Studies of m-term Creep Wnpactlon  of Reservoir
Materials Under Appropriate Pressures and Temperatures.

a) Boliver  Coast Samples.

LUJL  shall subject rock samples pruvlded by INIEVEP  to constant stress long
enough to detecmrne a constltutlve relatlonshrp  useful in predicting the
long-term response of the samples. LWL shall test both sandstone and shale
samples under controlled corxlltlons  of confining pressure, pore pressure,
temperature and time. Acoustic velocltles shall be measured periodically and
the changes in sample volumes shall be determined. Data shall be reported by
LWL in qraphlcal and tabular tonn and shall present the creep cQnpactron  as
functions ot pressure, temperature  and tm. Tne data shall be analyzed and
~XC~USXXB  drawn. IWEVEP  shall collect and ship approprrate samples to
LUG.

b) F a h a  Sample%

LWL will study the tm4ependant  creep ampactlon,  under appmprlate
conditions of pressure and temperature , experienced by the resemoir samples
the Faja Petrolltera  Del Orinoco.

Shale and sandstone samples tmn the cap rock and the reservoir will be
analyzed under controlled 00nditloris  of confining pressure, pore pressure,
twrature,  hmidlty, and tm. Six shale samples and two sandstone samples
will be tested, at both 55 degrees C and 150 degrees C, under hydrostatic
Cond1tmnS. Ultrasonrc measurements (VP and VS) w+ll be performed
periodically on the samples. me change in sample volm will be determIned
by measureinent  of the tlurd expelled fran the sample at constant pre pressure
and eftectrve stress. Data will be reported in qraphrcal and tabular form and
will present me long-term detormatron (canpactron) as functions of pressure
(ettective), temperature and time. Tne data will be analyzed jointly by
INEVEP an LLNL  personnel and conclusions will be drawn.

IMIWEP  shall collect snd ship to KNL the appropriate  samples by early 1986.



Task 4: Famliarization of JNEVEP Personnel m Advanced K&oratory
Tecnnlques and Apparatus.

A decision to include .thls task shall be made by the Parties at a later date
and, if included, shall be the subject ot a future Amendment to the
Implementing Agreement.

,!
AFCIcLEi  3

A. TIDE shall contribute $25,000 in U.S. dollars to the cost ot carrying out
Paragrapn C of Article 2 of this Implementing &reement, subject to the
availability ot appropriated  funds. Except for the $25,000 contribution by
DOE, all costs attrrbutable  to this Implementing Agreement, mcludmg but not
hmlted to research, reports , travel, salaries and associated expenses, snail
bebornebyRWEVR?.

B. ItWEVEP  mall prmrde  to #3E a fmanclal contribution in U.S. dollars to
support its share ot the work in accordance with procedures to be identitled
by DOE prior to the Urst deposrt.

c. Unless otnerwise agreed by the Joint Steering Camnittee, the total amunt
tobe pard by IWEVEPtoIX3Ecrver  the period of this Second AmenCbnentand
Extension, subject to the avallabllrty  of appropriated funds, shall not exceed
840,000 in U.S. dollars for carrying out Sections A, B ard D of Article 2 of
this SecondPJnenhentand  Extension

D. ILHI, shall be responsible for the transport, including safekeepirq  and
insurance en route, of DOE cmp3nents  and testing equrmnt to be used in
Venezuela under Sections A and B, frun the United States by plane or snip to
an authorized port of entry in Venezuela mnvenient to the ultmate
destination. IIWEVEP snail remburse #IE for all expenses mcurred tor the
transport, including safekeeping and insurance en route, ot these canponents
and equrpnent. INlzllEp snail be responsible tor the transport, rncludmg
safekeeping and insurance en route , of these cmponents and equipnent, fran
the authorized port of entry In Venezuela to the ultmate destinatmn  and
snail be responsible tor the return ot these amponents and equipnents,
satekeeping and insurance en mute , to an authorized port ot entry in tne
Umted States convement to the ultmate destmatmn.

'Ihe Parties shall support the widest possible dlssernlnatlon  of rnfonuation
arising ftaa this Implementing Agreement in accordance wrth Article 2 of the
Annex to tne Energy F&DAgreement. If a Party nas access to proprietary
information asdetmed in Article 2 of the Annex to the Energy R&Dwreement
which would be useful to the activities under this Implesnentrng Agreement,
sucn intormation  snail be accepted tot the tasks only on terms and conditmns
as agreed in writing by tne Parties.

AKrICLE5

mqnts to any mventlon  or drswvery  made or conceived m the course of or
under this Implemntmg  Agreement shall be dlstrlbuted  as pmvlded  in
paragraph 1 ot Article VI of the Energy R&D wreement. As to third Wuntrles,
rrqnts to such imentions  snail be decided by the Joint Steermg  Camlttee.
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Eacn Party snail take all mcessary steps to provide the moperatmn  fran its
inventors required to carry out this Article. Each Party shall assume the
responsrbllrty  to pay awards to CQmpensatlcm  required to be paid to its cm
nationals according to Es own laws.

AFQICLE  6

Tne existing term and conditions of t+e Energy R&D Agreement snail continue
iyd rwakn m full force ard effect mtwlthstarxhq the terms of this Seco&
Ammdment and Extension. Articles 3, 4, 5, 6, 7, and 8 of tne Annex to the
Energy R&D Ag-nt arr! hereby incorporated by reference.

AFmaJE 7

%his se& Amendment and Rctensmn  to the Implementirq  Agreement shall enter 12,
into force upon the later date of signature and snail reman in force for a
peric4LoL18~L It may be amended  or extended by mutual written consent

g&q8
c

of the Pxrwin accordance with Article V of the Energy R&D &reement.

ARTICLE 8

!Ilus Seamd Amendment and Extensmn may be termrnated at any tme at the
discretion ot either Party, upon six (6) mnths advance notlficatmn m
writing to the other Party by the Party seekmg to terminate. Such
termination shall be without prejudice to the rights which may nave accrued
under this Second Amet-hent and Extension to erther Party up to the date of
such teKmlMtlm.

Done ln Wasnlngton,  D.C., and Caracas, Venezuela.
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