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1 0 INTRODUCTION 

The Government of Armenia (GOA) has been interested in developing its indigenous resources 
to provide energy independence and help stabilize the Annenlan economy In support of this 
goal, the USAID authorized funding dunng 1996-1997, to implement a Seismic Oil & Gas 
Exploration Project (SOGEP) under Delivery Order (DO) No 26 T h s  DO provides for the 
development of the capability for the GOA to perform oil and gas exploration Burns & Roe 
Enterprises, Inc (BREI) was selected by USAID to manage the DO BREI engaged the services 
of the geophysical consultants Gray & Associates (G&A) to Implement this work The GOA 
entity to implement this work was the Armenergyseismicproject or Seismic Institute (SI) Work 
was performed over the period of August 1996 through December 1997 

2 0 BACKGROUND 

Dmng Former Soviet Union times, a sigmficant amount of oil and gas exploration had been 
performed in Armema This data was generated using Soviet designed equipment, and 
processing and interpretation techmques Through the European Union's TACIS program 
Partex-CPS of Portugal and Simon Petroleum Technology of the UK performed an assessment 
of the existmg data It was determined that although there was a tremendous amount of data it 
was virtually useless The data was not of the qual~ty and accuracy that would entice a senous 
pnvate investor or oil company to initiate an exploration project in Armenia As an example of 
204 exploration wells that were drilled in Armerua only 16 were cons~dered true exploration well 
quality, less than ten percent 

Based on a request from the GOA, USAID decided to provide for the upgrade of the existing 
equipment by using U S supplied equipment to improve its accuracy and reliability to meet 
western standards Some U S equipment was provided to the GOA during 1993, namely a 
Texas Instrument DSF-V computer, controller, pnnter, plotter, copier and other ancillary 
supplies A list of this equipment is provided as Exhrbrt #I This equipment was in storage at 
the SI and was the starting point for the new USAID project BREI was authonzed to start work 
in August, 1996 

3 0 DESCRIPTION OF WORK PERFORMED 

All technical work for t h s  task was managed by Dale Gray of G&A The procurement, logistical 
support and overall management was performed by BREI 

The general areas of work performed under t h s  DO are as follows 
Preparation Penod 
b Upgradmg of the existing seismic equipment, including integration of 

Russian/U S equipment 
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b Testing of the exist~ng seismic equipment 
b Rehabilitation of the SI vehicles to make them operable 
b In-country classroom and field tramng on the new equipment for data collection 
F~eld Testing and Traimng Phase of the USAID Project 
Training in the USA for Armenian geophysicists in seismic processing and interpretation 

Verification of Previously Supplied Equipment-- 

Upon authorizat~on in August, 1996, BREI dispatched Mr Robert Hmson of Seis-Tech, who was 
a subcontractor to G&A, to venfj the condition completeness of the equipment delivered in 1993 
from the U S This was completed in September 1996 It was determined that all equipment was 
accounted for and in good working order The computers and copier were being used for word 
processing, games etc , and the copier had been used to the extent it needed additional toner, but 
the equipment was all in worlung order Mr Hinson operated each piece of equipment as part of 
his verification 

In addition, t h s  tnp identified other equipment that would be needed to make the upgrades 
current and reliable Specifically, the adltional equipment needed was a multi-source processor 
wth  five memory boards and cabling, upgrade in the SeisCarn software for correlation 
capabilities, 8mm tape backup, radio with the frequency of the Belarussian vibrator trucks, a 
sweep generator, spare cards for the DFS-V, and an emergency generator to provide a power 
source for the recorder stabon 

Upnradmn of Seism~c Eau~vrnent- 

The upgrade of equipment took place at the SI facility at Ashtarak A panel truck (URAL-4320) 
was designated for use as a Seismc Station Thls truck needed an alternator, 2 tires, fuel pump, 
belt set and other miscellaneous parts It was fitted with tables for mounting the DSF-V, 
ocilliscope, radios and other miscellaneous control and processing equipment 

The four viberoseis trucks (KRAZ-255B), which supply the signal for processing, were in good 
condition There were some mamtenance items that needed attention, such as batteries, 
alternators, new hydraulic hoses, oil, etc BREI provided t h s  material to the SI from local 
suppliers 

However, the other supporting vehcles were not usable for the project without substantial 
repars These vehcles Included 3 panel (doghouse) trucks (GAZ-66), 1 fuel truck, 3 jeeps, 1 bus 
(crew transport), etc BREI provided all the necessary parts for this repair work from local 
suppliers The mechanics from the SI made the necessary repairs 
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In-Countrv Traning -- 

The in-country training focuses on the DSF-V equipment Two weeks of classroom trainmg was 
provided Mr Hinson provided all t h ~ s  tramng The traimng was done whle the installation 
work was ongoing The installation included troubleshooting equipment, normally a part of this 
type of work, in addition to the challenge of obtainmg the mater~als necessary locally in 
Arrnema 

Classroom training for five staff personnel fiom the SI and one fiom BREI They were 

Ashot Geozalian 
Abrek Musaelian 
Arthur Karapetian 
David ArutuIllan 
Gevork Manaserian 
Georgi A s l a a n  

Completion of Preparatory Period-- 

Upon completion of the preparatory period on January 13, 1997, all the equipment was tested 
and witnessed by G&A and BREI On June 14, 1997, an Act stating the acceptability of the 
equipment and its readiness to be taken to the field was signed in BREIYs office by SI, BREI and 
G&A A copy of this Act is provided as Exh~b~t  #2 

Field Testmy and T r a m m ~  Phase of the Project 

During the course of the USAID project, the GOA signed a contract with the Armenian 
Arnencan Exploration company (AAEC) for the dnlling of wells and collection of the seismic 
data Therefore, it was decided to place more emphasis on training than data collection With 
t h ~ s  in mind, the selection of the field test site had to be tailored to ensure adequate testing of the 
U S seismic recorder (DSF-V) that has been interfaced with the Belorussian Seismotechniques 
Vibrators In addition, this field work and traimng would ensure that the SI crews are 
adequately trained to work on the AAEC project The location of the test area was based upon 
the critena that the test area should be in a "good" data quality area located near Yerevan, and be 
located in an area w th  "easy" to moderate terrain 

After a review of the Partex and Simon reports, discussions with the Oil & Gas Exploration 
Project Implementation Umt, it was decided to select a previously shot line, NRY-87-14 This 
line is approximately 4 5 Ism to the west of the country's best oil show well, Shorakhpur #1 The 
field test area is withn 25 krn of Yerevan and is located on a reasonably straight road The road 
is actually oriented obliquely from NRY87-14 about 15 degrees, but the advantages of easy road 
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access for better training outwelgh the necessity of exact duplication since the main mission is 
traning not location of a new well The line was scouted by Dale Gray (G&A) on June 12, 1997, 
and he was able to verify the above critena and the absence of basalt flows in the test area as 
well For more details on the data collection field testing approach see Exhlblt #3 

The field work lasted from June 16, 1997, to June 27, 1997 This phase of the work Included 
transporting the equipment to the test site, traimng the crews in how to lay the geophone arrays, 
selecting the optimum geophone array based on testing, operation of the vibrator equipment, 
use of the stacker correlator to run vibrator similarities, and data recording This testing period 
verified that all of the SI vehicles and electromc equipment was operating properly and the 
personnel were qualified to begin their project for the AAEC and do a professional job On June 
27, 1997, the project was declared complete and was documented by an Act as shown in Exhzbzt 
#4 All equipment was returned to Ashtarak The director of the SI, Mr Fredenck Arakalian, 
sent BREI and G&A a letter of appreciation for successful implementation of this project, see 
Exhzbzt #5 

U S Trainin? in Processin_p and Inter~retation of Data 

The AAEC had entered into a leasing agreement wth the GOA for the collection of seismic data 
and the drilling of three wells over a one year penod This fact reduced the importance and 
urgency of the data collection which was to be performed under DO#26 However, what was 
needed by the SI was additional traimng in data processing and interpretation of the data 
Therefore, BREI/G&A recommended, and USAID agreed, to make the emphasis of DO#26 to be 
more tralmng and less field data collection Specifically, training for 5 Armeman geophysicists 
in the USA was provided for 6 weeks 

The traning was managed by G&A and took place manly at the Western Geophysical 
Processing Center in Denver, Colorado Ths  traimng used the data collected in the USAID 
project for training of the Armenians in addition to other Armeman data Ths  made the training 
directly applicable to the work the individuals performed for AAEC when they returned to 
Armema The type of analysis and training will also be applicable for other industries such as 
coal, mneral resources, etc 

Pnor to the start of the USA training, G&A prepared a Training Plan which IS attached as 
Exhlbzt #6 This plan laid out the purpose and highlighted the key hardware and software to used 
in the traimng The specific training provided, traimng results and recommendations for 
additional traimng are provided in Exhzbzt #7 

Exhzbzt #8 provides photos of vmous pieces of equipment during the rehabilitation phase 
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Fundine for Rehabilitation and Equipment-- 

USAID funding for DO #26 provided for the procurement of U S suppl~ed equipment, 
procurement of locally supplied matenals to implement this work, training, and processing of 
data in the U S A breakdown of these funds is as follows 

( 1 I U S Supplied Equipment and Software 1 $140,000 ( 

AMOUNT, $ (USD) 
(Approx Values) 

ITEM 
No 

1 4 1 Processing of Seismic Data I $20,000 1 

DESCRIPITON 

2 

3 

4 0  SCHEDULE 

A milestone schedule for this DO is provided below 

DATES 

Locally supplied materials 

U S training 

Aug 1996 

$26,000 

$40,000 

- -- 

Aug 20-Sept 10, 1996 

Nov 1 - Feb 1,1997 

-- 

Feb 1997 

ACTIVITY I COMMENTS 

DO Authorization 

Robert Hinson, in-country to 
venfy equipment condition 

Procurement of new 
equpment 

Started discussions regarding 
potential contracting options 
to use with the SI 

All equipment was accounted 
for and was in working 

, condition 

1 Initially the SI mdicated that 
they would be privatized in 
one month Ths  was not to 
be the case Therefore, BREI 
could not contract with them 
as a GOA entity for their 
services 
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Seismic Equipment Training Classroom training for five 
staff from the SI and one 
from BREI They were 
Ashot Geozalian 
Abrek Musaelian 
Arthur Karapetian 
Davld Arutunian 
Gevork Manaserian 
Georgi Aslman 

Apnl 1997- June 13,1997 

June 13,1997 

Started the process of 
rehabilitating the SI 
equipment 

SI vehicles declared 
operational Repair phase 
completed 

An "Act" was prepared and 
signed by the SI, BREI and 
G&A, see Exhibit #3 

I I June 27, 1997 

I 

June 16-27,1997 

5 0 RESULTS AND CONCLUSIONS 

Field testing and tralnlng This phase was declared on 

July 23 to Sept 5, 1997 

Dec 31,1998 

Major results of DO#26 are as follows 

USA Traning in Denver, 
Colorado 

DO completion date 

Provided traimng in Armenla on the use and mamtenance of the DSF-V equipment 
supplied to the SI 
Procured additional upgrades to the software and hardware needed to perform this work 
Interfaced Soviet designed seismic vibrator equipment wlth USA supplied hardware and 
software 
Rehabllitated the four existmg vlbrator trucks 
Rehabllitated elght other vehcles needed for the implementation of the seismic 
campaign 
Tested equipment for 10 days, taking actual seismc data 
The SI contracted with the AAEC 
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b The SI shot 120Km for the AAEC at $3,00O/KM, generating $460,000 in 
revenues for the SI 

b There were no sipficant failures of the equpment repaired wrth USAID funding, 
in perfonnmg their work for the AAEC 

b The SI successfblly completed then- contract with AAEC 
Five Armenians were trained in the U S to perform processing and mterpretation of 
seismic data on state-of-the-art hardware and software 
Three of these Armemans were able to be involved in the processing of data using the 
PROMAX eqwpment leased by AAEC AAEC is performing the detailed processing and 
interpretation back in the U K 

Based on the above results, it is clear that this project was a success By provld~ng the SI with 
the tools and trainmg necessary to implement a seismic project, they were able to contract wth  a 
pnvate American company and success~lly deliver a service It is also clear that although the SI 
had not used the vibrator equipment for qute some time, they had retained enough techca l  
resources to implement a sigmficant project 

6 0 RECOMMENDATIONS 

Recommendations are as follows 

The SI staff should reinvest funds for "capltal preservation" of the vibrators, seismic 
stabon and other equipment needed for seismic data collections Thls will allow them to 
quickly mobilize if other opportuIllties anse 
The SI should expand the use of this equipment to areas other than oil & gas, such as 
coal, minerals, etc 
USAID should consider additional trsllmng and procurement of a state-of-the-art 
PROMAX system similar to that used by AAEC for processing and interpretation This 
was recommended by G&A, but could not be Implemented because of funding 
restrictions 
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Gray and Assocrates 
International Geo~hvs~cal  Consultants - 

I d 2  \ 78Ih Street SUIE - 
5co~sdale 42 8<-*, 
(602) 905 8689 phcnt: 

(602)9058818 'a. 

Frederick Arakelian Director 
ArmEnergj SeismtcProjects 
Hrazdan Can) on 
Yerevan 
Republic of Armenia 

cc Dr Garen Galustian Deput% Minister of Energy 
cc Dr Andre Aghabalyan Petroleum Projects Implementat~on Unit 
cc Mr Doug Tuckhorn Bums and Roe 

RE Complet~on of Equipment Preparation of Seismic Tratning 
USAID Project 

Dear Fredenck 

Mr Robert Hmson (Gra\ & 4ssociates) V r  Doug T u c h o m  ( Bums and Roe) Mr 
L e ~ o n  Yegiev ( Seismic Institute) and I nent to the Ashtarak to Inspect and test the 
seismlc field equipment that has been prepared for the Field Test and for routine field 
operatlons 

We first inspected the four \ ibrators We confirmed that each one \\as capable of d n ~  ing 
had proper equipment and uas capable of generating a selsmtc signal ( sheep) We then 
tested all four of the \. ibrators mith a n~reline stmilarity to confirm that all four vibrators 
mere capable of generating the exact signal required for seismic field operations together 
(Simdarity Test) The results of the similant~ test confirms the uorhlng order of each 
L ibrator indn iduallj and the tour \ tbrators, collectivelj A cop, ot these tests which 
have a ttme and date stamp at the top of the form are attached to this letter Each truck 
u a s  tested and approled for engine performance and safe operatlons 

We inspected the three trucks ( reel trucks") that will be used for transportation of the 
geophones and cables to the field for seismic operations Each truck \\as repaired to a 
safe status for field operations 

The recorder ( seismlc station ) uas tested for the uorhmg elements of the DFS V, 
Seiscam and tape drile A11 nere appro~ed as b m g  in Lkork~ng order to manufacturer s 
specifications This informat~on nas stored on computer tape for confirmation processmg 
In the United States bc Gra\ & 4ssociates The recorder truck mas tested and IS in good 
worbing condition The generator mas tested and appro~ed as well 



The field operations leep \\as used for field investigations bj  Mr Dale Gra\ and Mr 
Abrek Mousaleian on June 12 1997 and was in workmg order The surtej jeep was 
reviewed and IS In good working order 

The field transportation bus mas inspected and appro~ed for field operations 

The fuel truch parts mere deli! ered on June 13 and will be repalred b~ Mondai Tune 16 
The repairs on the fuel truch relatikel\ minor and should not de la~  operations on June 16 

There are a feu remaining repairs but none that wlll not allou the seismic creu to 
commence field operations on Mondaq June 16, 1997 
The most significant repalr remaining is the replacement of the hbdraulic fluld for the 
vibrators The replacement of h~draullc hoses on the four bibrators was largel\ 
completed bv the Seismic Institute on Saturda? June 14 with moneb supplied b\ a third 
party Bums and Roe staff are trqing to find a source for hydraulic fluid and the fluid will 
be replaced as soon as a supph of the fluid is found T h s  1s anticipated to be on or 
before June 20 The field ekpenments mill  commence on Monday June 16 u ~ t h  three 
vibrators The fourth c ibrator nil1 be used once the hvdraulic fluid 1s found and pro\ ided 
to the Seismic Institute One remaining repalrs is the repair of the fuel truch u h c h  mere 
still in progress at 5 00 pm on Saturday June 14 The second Jeep the obsen er s 
troubleshooting kehicle for cable and geophone testing 1 replacing mas appro\ ed for 
repair on Thursdab June 12 and should be ready for assistmg field operations b\ mid 
week (June 18 7 / - ) 

None of the list of on-going repans should stop the Seismlc Institute from startlng field 
operations on Mondai June 1 6 1997 

A list of additional equipment needs and repairs was presented to Bums and Roe and 
G r a ~  & Associates on Saturdai at a 8 30 pm meetmg at the Burns and Roe office in 
Yerekan follo\\ing a meeting at 5 00 pm at the Seismlc Institute facilitk In Ashtarak 
This list will be re\ lewed and a formal response by Bums and Roe bv Frida~ June 20 
There fiere no items on this list that are of immediate need that would stop the crew from 
starting operations on Mondak June 16 filth three vibrators for the F~eld Tests The 
action items on this list mill be considered a part of the on-going field operations 



We are therefore declarmg that the "Equipment Preparat~on" phase of the USAID 
operation was completed at the end of the busmess day on Saturda!, June 14,1997 
and that the "F~eld Testmg and Tramng" phase of the project I\ 111 commence at 
9 00 am on Mondaj, June 16,1997 

Robert 4 Hinson - 

V 
G Dale Graj 
Senlor - Project Geoph\ slc~st 

~ r o j e c i  Director - Burns and Roe 

ucc"l4 
Levon Yeglek 
Chief of Part\ 

Abrek *- u ale~an 
Chief Geophysicist 

Hrant Hakop~an 
Chlef Engineer 
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n p o s e p e H  r-HOM P, Tpefiev, r - H O ~ I  M y c a e ~ i ~ o ~  w T a m e  H a x o m c R  B xoporuev 
p a 6 o s e ~  COCTORHHM 

I) 
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HCTIOAb30BaHHFI B IIOAeBbIX YCAOBMRX K C e p e w H e  HeAeAM (18 HIoHH k 1 ~ e ~ b )  Bce 3TE3 

P e M O H T H b I e  p a 6 0 T b 1  ( I I e p e s e H b  IIpeAOCTaBAeH Bb1ILIe) H e  M O T  IIPeIIRTCTBOBaTb HaYaAy  

p a 6 o ~  B IIOHeAeAbHHK, 16 HWHR 1997 r 

ClILicOK AOIIOAHWTehbHbIX C T ~ T ~ G  PaCXOAOB &MI P e M O H T a  H ApJTOX VaTepkIaAOB 6b1n 
I I p e A c T a B A e H  K o v n a H H H  ''Burns and Roe" H "Gray Assocoates" B cy66o~y B 8 30 sesepa 
BO B p e M R  B C T P e W i  B O @ H C ~  KOllIIaHHH "Burns and Roe", E p e ~ a ~ ,  I I o c A e  B C T p e W i  B 5 00 
sesepa B A m ~ a p a ~ e  (MHCTHT~T 1 ' A F ~ 3 ~ ~ ~ r ~ ~ E f i ~ ~ ~ 1 7 ~ 0 ~ ~ ~ " )  
H e o 6 x o p ~ o  IIpOC%OTpeTb A ~ H H ~ I ~  CIIHCOK, 0 @ H ~ H a h b H b 1 g  OTBeT ~ Y A ~ T  IIpeACTaBAeH 

KOMIIaHkIH "Burns and R o e '  B I I R T H H V ,  20 I3H)HR A a H H b I f i  CHCOK H e  BKNOWieT  
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Sersmrc F~e ld  Test 
Near 

S e ~ s m ~ c  Line NRY-87-14 

Eaecutn e Summan 

The objectwe of the Seismic Field Test and Training is to ekaluate the US manufactured 
seismic recorder (DFS V)  that has been interfaced u ~ t h  the Belorussian Seismotechnlques 
Vibrators and pro\ ide final field traimng in seismc system operations and field operation 
techmques addition all^ field tests uiI1 be conducted to determine optimum field 
parameters for seismlc operation withln the Republlc of Armenia The location of the test 
area is based upon the cntena that the test area should be in a Good data quality area 
be located close to Yerehan and be located in an area with Easv to Moderate ' terrain 

Manj areas within the Republic of Armema are cokered with surface L olcamc basaltic 
laka flows The data quality In these areas range from Poor to Fair It 1s difficult to 
proke conclusi\elv that the new st stem is performing better In areas uhere the data 
qualitj is variable and ma] be poor in spite of the improved qualitj of equipment as a 
result solelv to the unfakorable surface geology Another ad1 antage is that the data 
q u a h  can be obsen ed in the field for better ~dentification of field data qualib problems 
bj the experienced obseners and technical ad\isors 

There are man1 adkantages in performing the Field Test close to 1 eie\an First the 
equipment and thc cren can akold long trahel distances T h ~ s  results In loiter he1 costs 
no requirement for pro\ iding the creu and technical ad\ isors nith camps or hotel 
arrangements Another adkantage IS there are facilities nearbh for parts and emergeno 
repairs The final ad1 antage IS that many different representatlkes from state minlstnes 
and US gokernment representatlces can \isit the field operations u ~ t h  relatne ease 

The final cnteria eask to moderate terrain allows the technical adcisors to teach the 
Selsmlc Institute emplo\ees the different aspects of field operations without needing a 
large staff In areas uith easc terrain and access the technical advisors can move across 
the 3 6 kilometer field test area within a feu minutes This allows one ad\ isor to provide 
traimng to sekeral difierent groups at the same time The second advisor can review the 
results in the computer containing Seism~c Recorder Addit~onalh techniques can be 
taught that will improx e field operations efficient\ and therefore improve production 
u h c h  in turn irnpro\ed field crekh profitabilit> 

The Field Test area \\as selected because it has Good data qualit\ on existing seismic 
data with a seismic time structure at a time of 1 5 seconds - 2 1 seconds centered within 
500 meters of station 6500 on Line hRY-87-14 The seismic line is located 
approximatelv 4 5 kilometers to the nest of the countn s best 011 sho~v uell Shorakhpur 
#1  Based upon the Simon I Partex Report E~aluation of Armenia s Potential 
Hkdrocarbon Deposit issued In Julk 1995 is at a depth of 1 8 seconds at the top of the 



Middle Eocene (Report TA-CIS ' 92 / EAR001 Report No 761 7/11b/ Enclosure 8 5) 
The Field Test area is located uithin 25 km of Yerekan and IS located along a reasonably 
straight road that has minimal traffic since there are landslides that ha\ e bloched the road 
to the northeast of the test area T h ~ s  allows easy terrain and access u ~ t h o u t  troublesome 
nolse due to car and truck traffic The line m111 cross NRY-87-14 at station 4000 and 
roughh parallel the line to Stat~on 7600 The road actuallv IS oriented obhquel~  from 
NRY-87- 14 about 15" but the ad\ antages of easy road access for better tramng outweigh 
the necessit~ of exact duplication since the main mission is training not location of a new 
well The line mas scouted on Tune 12, 1997 bq Dale Gray, a registered geologist and 
geophyslclst to identlfj the a h m e  criteria and to verlfj the absence of basalt flows in the 
test area as well 

F~eld A c q u ~ s ~ t ~ o n  and Processmg Parameters - NRY-87-14 

The onginal seismic h e  NRY-87- 14 was recorded uslng the follou ing parameters 

Recorder 
No of Channels 
Source 
Charge size 
Sample rate 
Record length 
Source inten a1 
Geophone 1nter1 a1 
Geophone arraq 

Fold 

Russian made Progress 
96 
Shothole d\ namite 
5 hg ( 12 5 Ibs) 
4 ms 
4 seconds ( no data below 2 5 seconds ) 
25 rn 
25 m 
50 nl length ( 2 stations ) 
32 geophones ~n-line 
4 8 00% 

Spread Configuration In line - offset - on end 
Near trace offset 400 m 
Far trace offset 2775 m 
Recorder filter 10 Hz lou cut 

40 Hz high cut 
Notch - assumed in (50 Hz) 

The date of the recording is assumed to be in 1987 based upon the lme number This 
selsmlc lme mas acquired roughh parallel mith the Seismlc Test Line and about 1000 m 
to the east 

The onginal seismlc line NRY-87-14 was processed using the follo\ving parameters 

1 ) Demult~plex 
2) Input trace normalization 
3) Sum - 4800% stack 
4) Coherency filter 



5 )  Suppress coherent nolse 
6) Velocit\ anahsis ( approvmateh eke0 2 5 b n ~ )  
7) Decon~  olut~on 

Display parameters 

8 traces per Inch hor~zontal scale 
10 cm 1 sec \ ert~cal scale 
Polarit, Posit~k e 
Display Stat~on Numbers increase L to R 

(Note The data label indicated that the software uas probably processed in Gomel using 
old Pettq Raq Geophk s~cal software) 

Velocity Anah ses 

There are tmo applicable \elocit> anal] ses for the Field Test Veloclh analyses needed 
for data processing corrections for normal move out but are used to roughh calculate 
depth 

Station 4750 
T ~ m e  (sec) V e l o c i ~  (m / sec ) 
0 2800 
400 2900 
500 3000 
700 3200 
1000 3300 
1400 3400 
1700 3600 
2000 4000 

Station 7200 
Time (sec) 
0 
400 
600 
800 
1000 
1200 
1400 
1600 
1800 
2000 
2500 

VelociQ (m / sec ) 
2400 
2600 
2800 
3000 
3200 
3400 
3600 
3800 
4200 
4300 
4500 



Proposed Field Tests* 

Monthly Recorder Test - recorded to tape 
Wireline similaritj required on changes of w e e p  

Geophone arra, test 
All inline and equal separation 

1 - 24 12 geophones Bunched at flag 
25 - 48 12 geophones o\ er 30 m 
49 - 72 34 geophones o\ er 30 m 
73 - 96 12 geophones o t  er 60 m 
97 - 120 24 geophones oker 60 m 

Layout 1 24 
XXXXXxxXXXSiXXxXXxXXXXXXXx 
XXXXXXXXXX)(XXXXXXXXXXXXX 
4 8 25 
49 72 
XXXXXXXXXXYXXXXXXXXXXXXX 
XXXXXXXXXXXxxXXXXXXXXXXX 
9 6 7 3 
XXXXXXXXXXYXXXXXXXXXXXXX 
9 7 120 

Sweep Tests 

Frequencl content 

12 second weep  length + 4 second listen time 
Sum 8 sweeps 
10 - 40 Hz (two octaves ) 
10 - 60 HZ 
10 - 80 Hz (three octaves ) ( use for sum test dump and save by 4 s) 
10 - 100 HZ' 

Sweep Enerp 

10 - 80 Hz Sweep 
8 second sueep length + 4 second listen tlme 
10 second weep  length + 4 second listen tlme 
(12 is alread~ done and on tape) 
14 second weep  length + 4 second listen time 
16 second sn eep length + 4 second hsten time 



Sum Test 
(see above) 
10 -80 Hz sueep 12 sec sneep length - 4 second l~sten time 
S u m o f 4  8 12 16 20 smeeps 
(dump and save as separate files) 

Source Array Test 
(sum 8 1 2 and 1 6) 

The length of the four trucks bumper to bumper is apprownatel> 30 m 
No move up test - first and last truck are on a station flag 
(centers arraj on '/z station) 

4 Vibs over 30 m - equal spacing (measure length of trucks bumper to bumper) 
first and last on 'A flag ( centers arra\ on ?4 station) 
4 1 ibs over 60 m - equal spacing 

Select optimum number of weeps  following test 

Moke Up Test - 
this mill require the ibs to back up after each shot unless fold parameters (source interval 
increased to 60 m ) are reduced to 30 fold not 60 fold 

X X X X X  
X X X X  

X X X  
X X  

X X X  
X X X  
X X X  

. X  X  X 
60 m -- 

approximatelc 4 n~ mo1 e up after each sueep 

First truch = Start on a flag - end on a flag 

Select optimum parameters and mo\ e cibrators up line 24 36 48 60 and 72 stations 

Part one complete - save el en t h m ~  to tape - make dupl~cate tape 
Results of test mi l l  be processed in Processing training exercise in Denver under the 
supenision of Mr Dale Gra\ 



Part two - Full line test 

Laj out entire line - 120 channels using optlmum geophone array, sweep e\ e n  
station using opt~mum # of sweeps and optmum sweep L~sten tlme IS 4 second 
Determine gap from bunch geophone offset test but it can be no larger than 6 
stations - 150 rn (roll along sw rtch Iimltat~on) 

Shoot entire line eke9 statlon 

Line will be processed In the US for 15 20 30 and 60 fold to determme the optlmum 
source intenal and fold for field operations 

The line can be also processed to determine the maximum skip Interval that can be 
allowed by dropping stations from the center of the line in a good data area 

SEISMIC DATA PROCESSING 

The seismlc data recorded for the test mi11 be processed at a seismlc data processing 
company in Denver Colorado for use in processing tralning for the Armenian 
geophwcal staff There u d l  also be teaching examples and ewsting ArmenIan seismic 
data used in the training sesslons 

The results of the testlng mdl be reported back to the Seismic Inst~tute as soon as the) are 
available There is not currentlt an\ seismic data processing capabdit\ In the Republlc of 
Armenla 

There is an older DOS kersion of VISTA data processing and a 486 PC computer at the 
Seismic Institute The svstem is obsolete and has never been operational The DOS 
Vista software will require a software upgrade to work mlth the nem selsmic recorder 
slnce ~t has a newer tape drne  (Exabyte) The Amer~can company that is going to use 
the Seismic Institute crew upon completion of the Field Testing and Traimng Phase of the 
Project is going to use a US based PC sofixare package ProMax The training sesslons 
in Denver w ~ l l  include processing train~ng in the older DOS i ersion of VISTA the 
Windows upgraded kersion of VISTA and more Intensive training in ProMax T h ~ s  
Processing Training phase mi11 commence upon completion of the Field Testlng and 
Training phase of the Project 





I DFS6 Operator Tramng 
A Analog Module 

1) Sw~tch Settmgs and Purpose of each 
2) Boards 

a) Purpose of Each and Data Flow 
b) lnternal Sw~tch Setbngs and Adjustments 

3) Power Supply 
a) Descnptlon and Regulated Voltages 
b) Voltage Adjustment 

B) Controller Module 
1) Swrtch setttngs and Purpose of Each 
2) Boards 

a) Purpose of Each and Data Flow 
b) Internal Swltch Sett~ngs and Adjustments 

3) Power Supply 
a) Same as Power Supply In Analog Module 

C) Tape Transport 
1) Sw~tch Settmgs- 
2) Boards 

a) Purpose of each and Data Flow 
b) Internal Sw~tch Settmgs 
c) Adjustments 

3) Power Supply 
a) Descrlpt~on and Regulated Voltages 
b) Voltage Adjustment 

D) DFS V Manuals 
1) How and Where to locate Informatton and Schematics 

E) DFS V Cal~bration Schedule 
1 ) Zero Analog Module 

a) A/D Converter 
b) Mam Amp 
c) F M Cards 

2) Set Gains 
a) 0 C Card / Osc~llator Adjust (51 20) 
b) F M Cards (4720) 

3) Notch Fllter Adjust (50 Hz) 
a) F M Cards 

4) AID Llnearity Adjustment 
5) Degaussing Llne Fllters 

F) Testmg DFS V 
1) Run Set of Monthly Tests 
2) Run Set of Dally Tests 



11 110 RLS 240M Rota-Long-Swltch 
A) Geophone lnput Wiring - 240 sta input 
B) Geophone Output Wiring - 120 sta + o m p ~  

I. C) Roll-Bar Gap Capabilrfy 

111 110 200 Serles Encoder (Dynamlte Only) 
A) Purpose and Operation 

* 
IV 110 200 Serles Decoder (Dynamlte Only) 

A) Purpose and Operation 

V Travls Electronics CC-I 20 Cable Tester 
A) Purpose and Operat~on 

VI Se~scam DFS V Mergmg System wlth Stackmg and Correlat~on 
1) Convert DFS V System to Operate without 10" Tape Transport 

a) Controller Back Plane W~nng Change 
b) Install Customer Opt~on Board 
c) Change out N Z Board wrth Modified N Z Board 
d) Change 3 Program Plugs 

1) 1 on T M Card (Non Data Protect Opt~on) 
2) 2 on M S Card (Non Data Protect Opt~on) 

2) lnstall Serscam DFS V Merging Computer to DFS V System 
a) Test System to Insure Proper Operat~on 

3) Serscam DFS V Merging System Computer Training 
Main Menu 
Settmg System Parameters - First 
Frle Funct~on 
Tape Functron 
Choosmg Data Base 
Creating Data 0 B Log 
Acquire Data Stacking1 Correlat~on 
Processing - filter Sett~ngs 
Plot Data to Printer 
Noise Level Select~on 
Help Mode 
Exit Mode 
Running Daily, Monthly Tests 

VII lnstalhng DFS V and Computer and All Related Equ~pment rn Truck 
URAL-4320 Selsmlc Stat~on 

Vlll Take All Trucks, Equ~pment to the Fleld to Start Fleld Operations 



PLOT OF VIBRATOR SIMILARITY 6 
Rodpect USAIDIS I Client USAID Notch b requency NONE 
Crew S I # 001 Date h.1 Jun 13 15 38 42 1997 AGCOper NONE 
Area LAKE SEVAN H~ghcut Frequency NONE Polanty NORMAL 
Line TEST LINE Lowcut Frequency NONE 12dblsec Gain Applied NO 

Trace Number Aux 

> 







II Bums an& Roe Enterprises, lnc. 
M 

Frcdenck Arakel~an, Dlrtclor ' 
"ARMENCRGYSEI SMICPROJ&'W' Insbrute 
Hrazdan Canyon 
Yerevan 
Republlc of Armenia + 

I 

June 26,1997 

Cc Dr Garen Galusflan, Depbty Mln~s~er of Fnergy 
Cc Dr Andre Agabnlyan, ~eholeum PropAs lmpkmentabon U n ~ t  
Cc Mr Douglas Tuckhorn, Byms and Roe Ihterpses, Inc 
Cc Dale Gray, Gray and Assoclales 

'i 

RE COMPLETION OF F I ~  TESTING AND TRAMING PHASE OF THE USAID 
PROJECT f 

On Monday, June 16,1997 at 1 1 00 am , after all veh~clts had been fueled up, we drove thcm In 
convoy fmm Ashalarak to the fidd testmg ate near the Shorakbpur well AAet a sl~ght delay duc lo 
GA2-66 #2 truck acc~dent, the Surveyor, under the dmction of Dale Gray and Robert H~nson, started 
chaimng out the test nose  s p r 4 ,  

Dmng thc next thnx days we wtrc able to tram the cable and geophone workers on how to lay 
vanous geophone arrays neccs&y to unplcment the test funs spnad Dunng the m e  pcnod 
Vlbralor Operators %re able lo &t back m the habit of opaehng vibrators allcr a long penod of 
mactwlty We finished the no~sespread and wete able, due to ttsbg, pick the opt~mum gcophone 
array and vlbrator sweep and lclgfh to obtam good en- and data for this area 

+ 
Our next objective was to lay out 120 stallom m h e  down the test slte and record 120 V P's of data 
using 24 gwphones l ay4  out ~ n k e  over 60 meters The optunurn vlbrator sweep was a 10 h7 up to 
80 hz for 14 seconds sweep and jlsten for 4 seconds The Vibrator taper was 62 5 m s 

Over the next several days the SJ Operators, Ashot, Arthur, and David learned how to set up the 
Selscam Stacker/Comlator lo run h l y  Vibrator S~mllanbts and DFS V Tests, and how to venfy that 

+- BESTAVAILABLE COPY 
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il 

the equipment 1s operatmg at Manufacturer's spccificahons And illmng the daily operat~on of Data 1 1  

Recording was able to check all G@phme inputs and nqmr bad stations where necessary, and to 
recognize noisy staQons, and have #hem carrected We are very pleased wth the co-operabon of all 
the Operators and then w~ll~ngness to leam ncw Amencan technology 

C 

I' 
As of today, June 27,1997, we haye fimshed wth the test hne and have vcnfied that all of the S I 
veh~cles and electtomc equipment& operating properly and we are sallsfied that the S I personnel 
can take the vehxles and the eqtupmeat and start thc Project wth thc AAEC and do a very adequate 
and professional job of Dala Acq&~bon 

7 

We are therefore declarmg lhat 'T~eld Testmg and Trauung" phase of the IJSA11) Prqect mll end 
on June 27, 1997, after all h e  equipment has been p~cked up h m  the test slte and all men and 
vehrcles have been dnven back to$bhtarak 

i' 
Accepted by Submitted by 

k 

Robert A Hinson 
4 Se~sm~c Fleld Operator Cnglneer , 

and Representatwe of Gray & Associates 
4 

Gagk S Daniehan 
7- Authon7d Representatwe 

Rums and Roe Fnterpnscs, Inc - 
Yerevan Office 4 

J 

Levon Eglev 
Cbief of the Party 

Hrant I-Jakobian 
Chef Eng~neer 
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Burns & Roe Enterprises, IncJGra! Associates 
Delivery Order #26, S e ~ s m ~ c  011  & Gas Explorabon Project 

INTRODUCTION 

The seisrmc field t r w g ,  as ra l sed  by the Republic of Armenia Muustry of Energy and Fuels 
and agreed to by USAiD is to be completed after of 10-12 days of field testmg T h ~ s  testmg 
commenced on Tuesday, June 17, 1997 and was completed on June 27, 1997 %s completed 
the field trarnulg pornon of the seisrmc exploration technology transfer project The S e ~ s m c  
Institute (SI) is now under contxact to the AAEC to mplement a 90 campaqp for seisrmc oil & 
gas explorahon m Amema l h s  work w l l  collect the same amount of data as envisioned by the 
USAID program, but rt unll not provide tmnmg to the Armmans m the area of rnterpretation 
and processmg of the seismc data Therefore, ~t is proposed to expand the tramng specifically 
addressrng the mterpretahon and processmg of se~srmc data By expansion of tmmmg we mean 
that Instead of 1 or 2 Anne~llans bemg sent to the USA 5 or 6 urlll be trained and instead of 1 or 
2 weeks trammg a comprehens~ve 8 week tmnmg course wdi be mplemented The cost of h s  
expansion to the Armenran tramng wdl be offset by not performmg addbond data collecbon 
after AAEC/SI work IS completed 

This document provldes a d e a d  descnphon of proposed t m m n g  

PROCESS TRAINING 

The next phase of the project 'UII be trammg for the Armenian geophysical staff m data 
processmg usmg PC based softmare and mamhme based software The capabihes m the 
Republ~c of Armerua are h t e d  so the tmnmg wll be done m Denver, Colorado, USA, a major 
reg~onal oil and gas center The tmmmg w l l  mclude formal tmnmg m usrng PC based software 
ProMax ProMax is a US company produced software, as opposed to VISTA, whch  IS a 
Canadian sofhslare package A DOS version of VISTA was provided to the Repubhc of Armerua 
m 1993 wth a 486 PC a s  computer system, usmg an older version of Wmdows 3 1 and DOS 
based software are obsolete The ongrnal proposal was to upgrade the software w t h  the modem 
VISTA for Wmdows and to upgrade the computer for use wth the processrng and rnterpretation 
s o h a r e  

A supenor software package is ProMax IS more common m the market, mdeed wdl be even used 
by AAEC for thelr work, but was s~gmficantly more expenwe for the onglnal acqmsition The 
t r m g  m ProMax can be accomphshed m Denver but m adlbon the trammg can mclude 
VISTA, VISTA for Windows and Mamframe processmg of se~smc data wthout have to 
purchase any software The acqusition of software can then be resolved at a later date, possibly 
by other entities The recornrnendatlon, at t h ~ s  tune, would be to provlde t r w g  m ProMax 
seismic data processlug Upon completion of the processmg, USAID could recommend purchase 
of a l~cense for the Republic of h e m a  ~ 7 t h  a Pentium 200 PC usmg Wmdows NT as the 
operatmg system wth an exabyte tape dnve for data transfer from the recorder 

S \DOUG\D0260&GSESTIt\G WPD 1 



Bums & Roe Enterprises, Inc /Gray Associates 
Delrvery Order #26, Seismic Oil & Gas Explorahon Project 

The traimng m Den\ er w11 include use of VISTA - DOS \ erslon VISTA for Windows ProMax 
extensive m n g  and manframe processing of exlstmg Armeman data The Se~srmc Institute 
has access to some of the exlstlng data that was acqured by SimonPartex dumg the EU funded 
study of the hydrocarbon potentla1 of Armema Th~s  data could be processed by the Armeman 
geophysical students usmg the vanous systems It has been my experience that students deal 
better wth  examples from thelr work area than just teaclung examples that do not always apply 
to their parhcular processmg problems The tmnmg w d  commence wth slrnple teaching 
examples and progress to use of the real Annenlan data. 

The trainmg w l l  mclude three geophysicists from Armeman, one fluent m English that can 
provlde translation servlces dunng the trammg penod Attached are the resumes of the three 
candidates selected by the Seisrmc Institute, mterviewed and accepted by Dale Gray m Yerevan 
T m g  w11 be provlded by Dale Gray starhng with mtroductory level processmg, followed by 
the t , g  by two software provider so then represenmves for ther respectwe software 
packages and finally by a major US geophysics processmg center that wdl also provlde 
computer usage for processmg of the Armman data and the Field Test results The Field Test 
result processmg wdl allow the Armeman geophysics staff to learn how to process data to 
evaluate the ophmum field parameters Th~s wdl be mportant when the field crew moves to 
different areas of the country that wll requue new experiments The tramees w11 also be tmned 
m advanced techques  such as 3D processmg to develop state of the art processmg slulls that 
can m turn be unplemented in the Republic of h e m a  The total t r w g  penod is 20 days m 
Denver, Colorado, USA 

INTERPRETATION TRAINTNG 

The next phase of the trammg for the Armeman geophysical staff is mterpretation of the seismc 
data Prewous investigations have demonstrated that the seismc mterpretahon techmques used 
by the Seisrmc Lnstltute are lmted to manual methods of mterpretation of paper copy of a 
seismic survey map ("piclung the data") The values are then hand contoured and the map is then 
hand drafted Usmg these techmques, the selsmc mterpretatlon is llrmted to structural mappmg 
and stratigraphc mformation is lost 

Modem mterpretatlon techmques take seisrmc data from the processmg center m a standardized 
format (SEGY) and is unported dlrectly mto the PC that has mterpretation software One of the 
best software packages m the lndustry SeisVision, has been purchased for the Repubhc of 
Armema The seisrmc software package contams modules for computer assisted ~nterpretat~on 
These modules mclude tune mterpretatlon and tune pickmg The computer also allows 
stratigraphc information to be evaluated The seismc data has three aspects, a tune value (used 
m the manual method), amplitude and phase The amplitude of the seismc data contam 
valuable mformation regardmg the porosity and possibly the fluid content For example, m 
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turbidite sands, s~rnilar to uhat is found in the Tertiary sediments m Armema, the presence of gas 
is observed as "bnght spots" of hgh amplitude The interpretation, usmg color momtors and 
color pnnters allow the evaluation of the stratgraphlc sectlon usmg chect detention t echques  
These techques, combined wth  computer automation of the structlrraf mapprng wdl be taught 
to the h e m a n  geophysics students f i s  software has already been a c q d  for the Selsmic 
Instrtute and the manual is bemg translated mto Armeman 

The mterpretabon tmnmg wdl overlap the final processmg tr- of the Armeman data field 
test and exlstmg Armeman seisrmc data to allow the Interpreters of the data to leam the 
hdamentals of data processmg to assist them to mterpret the data 

The mterpretation t r m n g  wll  include the techques  of 3D mterpretahon usmg example data 
smce there is no exsting 3D Armeman data. l h s  sequence wll  provlde a complete tmnmg of 
state of the art techmques to complement theu state of the art software 

SITE VISITS 

Arrangements have been made to tour the Western Geophysical Processrng Center m Denver, 
one of the largest m the World Western has agreed to provlde a Russian speakmg tour gulde for 
the day m the Data Center Fmal date for the tour w11 ve selected based on the final course 
arrangements 

Additional tours are planned for visitlng a major oil company office to review typical operations 
for mterpretahon and the Colorado School of Mmes to work on sample data for mterpretation 
projects 

CANDIDATES FOR TRAINRYG 

On June 24, 1997, Mr Fredenck Atakelian, Duector of the Seisrmc M t u t e  presented to Mr 
Dale Gray, Semor Project Geophysicists for the Armema Seisrmc T m g  Project, a list of 
candidates for the second phase of the T m g  Mission It was Mr Adahan's suggestion to 
tram the geophysicists for the entrre tmmng course of data processmg and mterpremon of 
seisrmc data The ongmal proposal was to have two groups of four candidates One adhhonal 
candidate, recommended by the USGS - USAID coal project chef geologst, Ms Brenda Pierce, 
and morkmg wth the Armenla seisrmc project for the last two months, Mr Georgy Aslaman, 
was selected as a person from t r a m g  outside the Seisrmc Institute for a future jomt scientific 
project wth the UAFA for "Geophysical application of seismic data for coal stu&esn 

The canldates were mterviewed and accepted by Mr Dale Gray as havmg an acceptable levels 
of previous geophysical expenence to quahfy for further t r u g  The nature of ths m g  is 
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mtensive, hgh  technology tramng in specific geophysical sofhare  packages wth application 
for subsurface exploratlon thls level of tralning requires pre~lous  expenence in geophysical 
exploratlon to avold delays in the class bv starting at an entry level 

The five candidates recommended and accepted are 

1) G e v o ~ n s s e r y m  - Fluent m English, Russian, Armeman, Masters m Geophysics, 
wl l  also double as the rnterpreter 
2) Abrek Mousalanag - Chef Geophysicists - Seismc -tute 
3) Vardan Andnasla - Selsmc Institute staff geophysicists for data processmg and 
mterpre tmon 
4) Manam Sarkman - Lead seisrmc data processor - Selsmc Im&tute 
5 )  G e o y  Aslaoran - Geophysicists wth 16 years experience m Oil & Gas and Coal 

The t r w g  is scheduled as follows 

Burns and Roe wll make the appropnate arrangements for the geophysicists to travel from 
Yerevan, Armema through Amsterdam to Denver, Colorado on Tuesday, July 15, 1997 and 
return on Saturday, August 30, 1997 The Visa applications for the Seisrmc Institute employees 
has already been started by Mr Fredenck Arakelian, the Duector of the Seisrmc Institute Mr 
Georgy Aslaman's Visa application should be subrmtted by Mr Gag& Damellan wth  Burns and 
Roe Yerevan 

The geophysicists w11 arnve m the afternoon on Tuesday, July 15, 1997 

The three week course m Seisrmc Data Processmg tmmng ulll start at noon on Wednesday, Jull 
16, 1997 and conbnue until Wednesdav August 6,1997 The course will start wth s~mple data 
processing and advance to ProMax data processmg - advanced level trauung 

The three week course m Seisrmc Data Interpretation wll  start on Thursday, August 7, 1997 and 
continue untll Fnday, August 29, 1997 

The geophysicists w l l  return to Yerevan on Saturday, August 30, 1997 through Amsterdam 

HOUSING FOR CANDIDATES 

The recornmendatlon for the housing arrangements is to rent apartments for the visltmg 
geophysicists and Mr Dale Gray wth Gray & Associates Thls is a combination of cost 
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effectne and improved living conditions An attached list surnmanzes the available b s h e d  
apartments for short term rental the course locanon wl l  be m downtown Denver, so a ioca~on 
near downtown is recommended but not necessary The Arme~an geophys~cists wll not be able 
to dnve but Gray & Associates wll rent a car for transportation for the team whlle m Denver 
Burns and Roe wll need to make the necessary arrangements for apartment deposits and 
payment for the stay m Denver for the Armeman staff ( 2 two bedroom apartments) Mr Gray 
WU make his arrangements for an apartment m the same fac~lit-y but Burns and Roe must make 
sure there are three apartments avadable for the course tune ftame 
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Mr Dale Gray, Project Geophysicist, met the Armeman Specialists upon theu arnval m 
Denver at 5 30 pm on July 22, 1997 The parhapants m the course were Abrek Musaelian, 
Chef  Geophysicist, Gevork Manaser) an, Georgi Aslanyan, Manam Sargasyan and Vardan 
Andnasyan They were transported by van to the corporate apartments, the base of 
operanom dunng the six weeks of trammg 

The five mdividuals involved in the seismc processmg and Interpretation tra~nmg were 
selected by the Seismic Institute and mtervlewed by Dale Gray w t h  Gray & Associates for 
t e c h c a l  qualifications and language dulls One speclalist, Gevork Manasenan, was fluent 
m English and has a degree in geophysics and trammg m Earthquake Seismology Mr 
Manasenan was the team mterpreter as well as a class participant Two other specialist, 
Manam Sargasyan and Georgi Am\ laman had basic English slulls and improved 
dramancally w t h  constant exposure to the language The remamng two students, Abrek 
Musaehan, the Chef  Geophysicist, and Vardan Andnasian had no previous English trainlng 
Both were, however, well wined m the conventional Sovlet style of processmg and 
mterpretation They were useful m the reprocessing of the older data by providing the 
translation of the Russian observer reports and might on Russian styles of shootmg seismic 
data With the use of Gevork Manasenan as the p m a r y  mterpreter and Manarn Sargasyan 
as the secondary mterpreter, the course proceeded relatively smoothly and efficiently 

Housrng was provided by USAID at the Oakwood Apartments m SE Denver The 
apartments were selected by the representatives of Burns and Roe's Washmgton office, 



particularly Ms Gabnelle Koscielslu The decision uas to use corporate apartments since 
the length of s tq  was six weeks The room arrangement also allow the Armeruan team to 
share food preparation costs and efforts This process IS recommended for future tramng 
procedure 

The Armeman staff is stayrng m corporate apartments located m SE Denver The apartments 
are moderate but mclude several amemties including s w g  pool, weight room and terms 
courts The specialists are actlve m therr use of the facilities They have been provided 
health msurance mformation for unexpected medical problems d w g  theu tnp 
Transportation is prowded by an AVIS Dodge caravan, whch cames the full msurance 
package Mr Gray is provldmg dnvlng 

The classes started on July 23, 1997 wth  tramng m VISTA for Windows seismc data 
processmg at the ofices of Vector Seisrmc Data Processmg m downtown Denver The first 
portion of the course was an overvlew of seismc processmg taught by Mr Curt Moran wth  
Vector Seisrmc Data Mr M k e  Galbmth, President of Seismic Image Software, the 
company that developed VISTA, presented three days of t r m g  for the Armeman 
specialists m the VECTOR office The VISTA trauzlng was completed on August 1, 1997 
and t r m n g  commenced on general processmg trammg on August 4, 1997 The tmnmg was 
conducted on the Seisrmc Field Test and Seismc Profile #1 Th~s was the seismc lme 
acqwed by the USAID / Burns and Roe / Gray & Associates using theRepubllc of Armema 
Seisrmc Institute staff and equipment m June, 1997 
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SEISMIC DATA PROCESSING TRAINING 

Tmo compames, Vector Selsmic Data (VISTA) and Pulsorux (Promax), were selected for the 
processmg tramng Thq both had existmg staff experienced in use of their selected 
software, expenence m w g  and conference room facilities They were avmlable on short 
noace and had previous mternational processmg expenence Western Geophysical d ~ d  not 
have the ability or the two software packages (VISTA or Promax) to provide the trarrung 
Vector is a jomt venture partner w t h  VISTA m software development and was the only 
company avadable for WSTA software m g  Vector was also lnvolved w t h  the o n g d  
VISTA software purchase and was f d a r  w t h  the project and had previously met the 
semor Armeman geophqacsts Pulsom was selected smce they were avadable on a short 
tune kame nobce and were also farmliar w t h  the Promax system operations Pulsomx has 
provided trammg for other mterna~onal prqects and can provide the Armeman staff in- 
country tmnmg if the prqect a c q u e s  a Promax license for the Republic of Armerua 
Addibonally, Darrell C o d y ,  a Denver based geophysical consultant, was used to teach 
two classes m the m a t h m c s  of seismc processmg theory 

The purpose of the VISTA and Promax tmmng was to allow the geophysical specialists from 
Armema to evaluate the software packages, whde developmg proficiency m use of the 
processing software packages There is currently a Promax system m operation In Yerevan 
for the Armeman Amencan Exploration Company Thls system, usmg expatnate Bntish 
operators was leased for four months and w l l  return to London m October 

The ongrnal VISTA sohare  was one of the first mteractlve DOS based, PC platform 
seismc processmg systems VISTA ran on small personal computers, had good geometry 
fimctionality, strong field testrng capabilities and efficient screen 1 hardcopy displaj ablllties 
It was considered a leader m seisrmc data processing With the mcrease rn PC computing 
capabilities and the dornlnance of Wmdows NT operating system VISTA developed the 
VISTA for Wmdows version The software, unfortunately is earl\ m it's development cycle 
but w t h  matunty it wdl become one of the NT based leaders m the 2D 1 3D processmg 
systems The DOS version was purchased for the Republic of Armema by Armoil in 1993 
and is resident m Yerevan. but was never mstalled or used smce the Armeman speclalists 
were not tramed VISTA is a Canadian (Calgary) based company 

Promax, a Denver based subsidiary of Landmark Graphcs, is a &ell established, urnversa1 
seisrmc data processmg n stem that is recogmzed and used by most major oil compames and 
national geophysical laboratones thoughout the world In fact, USAID has previouslv 
acquired Promax systems for Russia (Tyumen) and the Ukrame Wev) m the past two \ears 
It has a proven reputation of bemg one of the best mteractive 2D processing systems with an 
mtuhve user mterface It 1s quickly becoming a solld 3D system wth the potential of being 
the leader in fully mtegrated processmg systems By bang a Landmark company, the output 
from Promax IS hlly companble w t h  Geographx SeisVision, another Landmark division 
The main negatlve feature to Promax is the cost Promax IS one of the most erpenslve 2D 



and 3D softuare processing systems Another negative issue is the UNIX operating system 
that has an uncertam future competing wth Windows NT 

There are hardware issues that are related to the two different operatmg systems VISTA 
runs on hgh end personal computers (Pentiurn Pro, etc) whle Promax runs on IBM, Sun or 
Sllicon Graphics wokstations The cost differences for the two systems is approximately 
$25,000 mamly in hardware for the workstation Both systems support a vanety of 
peripheral hardware, however, Promax with its ten plus years of development has more 
flexibility and choices 

The Republic of Armema has acquued approxunately 120 profiles conslstmg of an estimated 
5000 kdometers of selsruc data acqwed dunng the former Sowet Umon tune penod of 1984 
- 1993 These old selsrmc lrnes wll  need reprocessmg usrng current state of the art seisrmc 
data processmg techniques and software to allow the Republic of Axmema to evaluate the 
hydrocarbon potential of the vanous Armeman baslns The cost to reprocess just five of the 
120 profiles at US based selsmc data processlng centers, selected on a competihve bld basis, 
w11 be approxunately $26,250 US at $1 5 / record The esbmated cost to reprocess all 120 
profiles would therefore be approxlrnately $630,000 The cost of a Promax system and 
related ha.dware/softuwe that would allow the Repubhc of Armema to reprocess thelr own 
data IS estmated at less than $200,000 US The USAID tramed geophysical specialists can 
then provide the reprocessmg and mterpretation m Yerevan usmg the new Promax / 
Geographur software and hardware 

The prelmmary results of the reprocessmg of five seismic llnes promded by the Republic of 
Armema for the Seisrmc Data Processmg and Interpretation T w g  mdicate a sigmficant 
ImproLement over the exlstlng data The Republic of Armema has been requested to provide 
clean copies of the exmmg, older processed data so that we can prowde a direct companson 
of the modem techrucal capabilities versus the older technology previously avsulable 

INTERPRETATION T R U N N G  

In additlon to Se~srmc Data Processrng traimg, the Republic of Armema geophysical 
specialists were provlded tmmng m Seisrmc Data Interpreta~on The software package, 
Geographx SeisVislon, IS a state of the art PC based seisrmc mterpretation software package 
Thls software was pre\lously acqulred by USAID / Burns and Roe as part of thls project 

The tmnmg included two weeks of general seisrmc mterpretation tmnmg usmg conventional 
paper copy mterpretatlon, conversion from tlme to depth, geologlc mterpretation of seismic 
data, h e c t  hydrocarbon mdicators, contour exercises for geologic and structural traps, 
seisrmc stratigraph) and basm analysls The USGS Denver based Geophysical Group, under 
the direction of Dr Dave Taylor, demonstrated the SeisVision, Geographur GES contoumg 
and presentation s o h  are and the USGS Promax seisrmc data processmg software system 
Ths group is the equn dent of the fimctlon Intended for the Seismc Institute in Armerzla He 
recommended that the Republic of Armema procure the GES software as part of the~r 
mterpretation package smce the SeisVision sohare  does not have 2D mapping or 



contounng capab~lities Followng this recommendation, an appointment was made with 
Geogapfux in Denver for a demonstration of the software packages Mr Vmce Molliconi 
w ~ t h  Geographx gave a demonstration of the Integrated SeisVision and GES software 
packages for the entire Armenian team The GES s o h a r e  allows the maps and seismic data 
to hake values posted, contoured and to make presentation qual~ty displays of potential 
prospects generated by the Republic of Armema for meetings wth 011 cornparues Interested 
m mvestmg in the dnllmg of wells m Armerua It is recommended that procurement of the 
GES software, a vltal portlon of the mterpretabon capab~lities be mcluded as part of the 
Project DO-26 Mr Jay Workman, w th  Geographlx, provided pncmg mforrnation for the 
software The pncmg from Geographx is attached to h s  report The GES Licenses should 
be acqwed pnor to the November meetrngs to allow t m m g  m Yerevan to be completed at 
that t m e  

The trammg in SeisVision was done ~mtially wth public domam data prowded by prewous 
grants for the US Department of Energy (DOE) and Gas Research Institute (GRI) and the 
Umversity of Texas Bureau of Econormc Geology ( the Stratton data set) Vector Seismc 
Data, Interpretation Div~sion, provlded Landmark support and plotter support (HP650C) m 
generahon of paper coples of the data for the m h a l  Interpretation traumg These lmes were 
used by the students for classical seismc mterpretabon using colored penc~ls and rulers The 
same data sets were then Interpreted usmg SeisVision, a PC based seismc mterpretation 
software package The mterpretation wth SeisVision took less than an hour to accomplish 
The same products took two days work wth manual systems The structural contour 
mappmg and presentahon of the final product could not be accomplished until the GES 
software package is acqured The t r m g  for t h ~ s  software package w11 be done pnor to the 
final project report presentation m November m Yerevan The course contmued into 3D 
mapplng and interpretation usmg the Stratton and Moosehead data sets The 3D workstation 
Interpretation is the current advanced technology for s e~smc  mterpretation Thls was 
mcluded in the course curnculum m the event that hydrocarbon deposits are discovered 
w h  the next year m the Republic of Armema and there 1s a need to acqure, process and 
mterpret 3D surveys for enhancmg additional dnlling locations and produc~on evaluation 
The 3D techmque may also have some apphcation m the Hrazdan salt cavern area for 
improved lmaging to evaluate future strategic petroleum reserves needed filth improved 
pipelme capacity The methodology would allow reservou mappmg and evaluation of 
structural rntegnty of the salt domes pnor to mvestrnent m dnllmg and leachmg for storage 
development 

The final mterpretation efforts wll use the five reprocessed seismc lmes acquired from the 
ROA and currently bemg reprocessed usrng Promax systems m Denver by Vector and 
Pulsomx Several of the seisrmc lmes, even at prelimary stage of reprocessmg, demonstrate 
s ip f i can t  lrnprovements over the previous work done by the Belorussian geophysical 
expeditions from 1984 to 1993 l h s  t r w g  will be done pnor to the final project report 
presentation in November m Yerevan It is anticipated that the Republic of Armerua will 
reprocess several additional seismc lmes d w g  the upcommg month if they have a Promax 
system 



The imt~al trainlng m Denker M a s  de~eloped to create an lrnmediate capability w~thln the 
Republic of Armerua for se ismc data processing and interpretation slulls The traning 
schedule was six weeks and covered two processing sj stems, some processmg theory and 
interpretation software tramme The volume of information being presented required that the 
tramng be intensive, hands on" rather than m depth theoretxal and application related The 
nature of the geophysical processmg is to apply mathematically intensive computer solutions 
of model based algorithms to attempt to image the subsurface of the earth The tramng was 
based upon the use of computer processing sequences for displaymg the data Very little 
time was avalable for development of background m the mathema~cal models and the 
assumptions that are mherent m the model T ~ E  lack of theoretmd knowledge can only be 
prowded by more exposure to m e d  professional geophysicist and formal college t r a m g  
The short term need for the b e m a n  geophysd  speclalists continued tmnmg can be 
provided by "on-the-job" trammg at one of the data processmg centers The tmmng could 
essentially be self f h d e d  wth  the exception of the lrvtial cost of d a r e ,  visa expenses, one 
month rent for an apartment and one month per diem assistance The concept would be to 
prowde SIX months tramng at  one of the processing centers m a p a d  position The speclalist 
selected for the trammg would after one month have generated Income to cover additional 
expenses during the trauung The advantage to "on-the-job" triumng would be an increased 
exposure to a vanety of projects, close support by trmed professionals and unproved 
processmg siulls developed by repetition The followmg cornparues would be suggested for 
the "on-the-job" trammg Pulsomx , Vector or Western Geophysical m Denver, Vector or 
Western m Houston or Western m Califorma Manarn Sargasyan would the first candidate 
since she has the best developed language slulls followmg Gevork Manasenan She is single 
and developed several new Armeman fhends in Denber that would create a potential 
roommate relauonshlp The second candidate for the tmnmg would be Georgi Ansylaruan 
Whlle not a fluent m English, h s  geophj sical shlls are veq good and he w11, no doubt, 
become one of the leadmg geophysical influences m the Republic of Annema He 
demonstrated thoughout the murung exceptional background knowledge, computer shlls and 
practical field expenence I thmk w t h  m i m a l  exposure, hls English slulls would be 
sufficient for the tmnmg 

The more sipficant t r a i m g  theoretical and application based, would r eqwe  tramng at a 
wversity such as the Colorado School of Mmes The trammg needed would be a Masters m 
Geophysics (ME degree) Tius is a one year school / one year employment wth supervised 
project curriculum The student would be t m e d  on state of the art equipment supported 
wth  classes m geophysical theory The trauung mcludes acquisition, processmg and 
interpretation classes The result of the Masters p r o m  mould be a capable staff scientist 
that would be respected at the mternational level for presentations, negotiations and new 
ventures The secondan rmssion of the traimng of a staff scientist would be to provide an 
Armeman teacher m Yerevan to provide an on gomg supply of geophysicists for the future 
energy needs 



The concept ~ o u l d  be to supplement the mtid m m n g  phase wth  on the job traimng to 
pro\ ~ d e  a person In six months who would be more capable of providing the techcal  
support necessary for processing and interpretation operahons Tlus in turn would be 
supplemented by a person that would be tmned at a US wverslty that could provide the 
foundabon of theoretical and application tramng r e q d  to understand the theory behnd 
the s o h a r e  packages Tlus person would provide future m i n g  at the Yerevan uvers iues  
for the contmued supply of geophysicists that the Republlc of Armema wll  need m comrng 

Years 

My recommendation for the ME traimng would be Gevork Manasenan because of h s  
know ledge of the Engl~sh language (that would be an adrmssions requ~rement at any 
unn ersity) combrned wth  h s  degree m geophys~cs, wi~.~ch would requlre muumal remedal 
course work This combmabon should allow hun to return the Republic of Armema m 
approximately two years as a staff scienbst wth extenswe geophysical trammg 

Whlle ~t 1s beyond the scope of thls msslon to provlde h s  level of tmnmg, I felt that it 
would be prudent to at least adv~se a course of achon for further t r w g  There are 
undoubtedly a number of financmg opt~ons avsulable for providing the t r w g  required for 
the long term solutions to the energy needs of the Republlc of Armerua 

G Dale Gray 
Project Geophysicist 

October 1, 1997 
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EXHIBIT #8 PHOTOS 

INSPECTION OF EQUIPMENT, JUNE 13,1997 

VIBRATORS 

Vibrators Front View Vibrators Rear View 

Vibrator Pad Vibrator Top V~ew 
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EXHIBIT #8 PHOTOS 

INSPECTION OF EQUIPMENT, JUNE 13,1997 

SEISMIC STATION 

Stacker Correlator - Se~smc Stabon DFSV - Seisrmc Station 



EXHIBIT #8 PHOTOS 

INSPECTION OF EQUIPMENT, JUNE 13,1997 

SEISMIC STATION 

Diesel Generator Dlesel Generator - Selsrmc Stabon 

RobertIAshortl Dale - Sasrmc Station 



EXHIBIT #8 PHOTOS 

DEPARTING ASHTARAK, JUNE 16,1997 

Vibrators L e a n g  Camp Convoy Into Vdiage 

Convoy Ready to Leave Ashtarak 
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Convoy Leavmg Ashtarak 



EXHIBIT #8 PHOTOS 

DEPARTING ASHTARAK, JUNE 16,1997 

Convoy Ready to Leave Ashtarak Rememg Plan 

Fuelmg Vibrators 2600 Q Diesel 
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Fuehg Vibrators 2600 Q Diesel 



EXHIBIT #8 PHOTOS 

DEPARTING ASHTARAK, JUNE 16,1997 

660 Q of Gasolme for Truck 
- *- - 
Supply Tmck 

Supply Truck 
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EXHIBIT #8 PHOTOS 

VARIOUS TRUCKIEQUIPMENT DURING REHAB 

Van 

>A%&--A r ir* 1-. - 
Gas Truck 

Diesel Generator for Seismc Station 

Jeep 

Supply Truck 
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