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·EXECU.TIVE·. SUMMARY 

In this fir"st quarter ~Y report for Sandia National Laboratories 

(SNL) Heavy Oil Program emphasis is placed upon the relationship to DOE 

Heavy Oil RD&D Program. The· SNL heavy oil activity is in Reservoir 

·Access as defined in the Heavy Oil· Program'. Plan. This program includes 

six tasks: 1) survey heavy oil drilling problems and solutions, 

2) assess water jet drilling of horizontal hol~s, 3) survey state-

of-the-art for controlling disintegrating heavy oil sand formations, 

4) survey fracturing techniques in heavy oil formation, 5) develop 

a high-temperature packer, and 6) perfo~m seeping studies of alternate 

techniques of heavy oil extraction. 

The survey of heavy oil drilling is bjing done in conjunction with 

Prof. Keshava Ac:;harya, New ·Me'Xico Institute of "!l-1i-nirig and Technology at 

Socorro, New ~·texico •. ·T-his program, when completed, will: heip "to idenUfy 

problems that can be most profitably studied. By having a firm basis of 

past activity, new nonconventional techniques can be evaluated. 

. . 
A literature search-of water jet'drilllh~ in heavy oil formations 

has been initiated. In addition, detail~6 discuisions ·have provided 

contact with current research in heavy oil sands jet drilling programs. 

A review of th~ correlation of li'lhnr:,;~tory and -field" work done by 

cana~ian ·researchers indicat~s poor· agreement. This indentifies the need 

for additional baseline data on oil sands cutting. 

The survey of present sand con~rol technology has been most pro-

ductive in identifying areas where additional research is needed. In 

working with George Suman of Completion Technology Company over 175 new . . . : 

references have been identified and characterized. These are references 

since 1975, the year when Mr. Suman wrote th~ Sand Control Handbook. 
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Discussions with leaders i~ the fie!~ will be conducted during the second 

quarter. 

The survey of fracturing techniq~es in heavy oil formations has 

just begun. The considerable previc;ms activity in this area is well 

documented in numerous review articles. These.reviews and recent litera­

ture will be examiried for t~chniques (if any) that are unique to heavy 

oil formations. 

The high temperature packer development first initiated under the 

DEEP STEAM Project has been associate4 with this program since May 1980. 

The second phase, beinq performed ?Y L'Garde, Inc., of Newport Beach, 

CA, will design, fabricate and test an ~ngineering model of the L'Garde 

packer concept. Phase II consists of three basic ta9ks: a) seal simu­

lation tests, b) design, analysis and fabrication of ~n engineering model, 

and c) room temperature seaJ tests of the engirteering model. 

The use of controlled so~rce ~udio magnetotelluric (CSAMT) survey 

techniques for tracking in situ combu~tio~ and steam drive thermal fronts 

is an importan~ aspect of improved alternate techniques of heavy oil 

extraction. The benefit <?f the CS.AMT to the heavy qil program will be 

to better enable assessment of the efficiency of and the cQntrol applied 

to thermal recovery of he~vy oils.· The survey method that is used in 

the first phase of the program involves the measurement of fields around 

a grounded bipole. By examing the behavior of the electromagnetic field 

with distance and frequency from the source it is possible to obtain an 

apparent resistivity of the geologic formations. The change in resis­

tivity will indicate the presence of the thermal front. The experiment 

chosen for the first test of this approach is a steam injection experiment 

in the tar sands ·outside of vernal, Utah. The preliminary results are very 

encouraging but must now be carefully analyzed before detailed conclusions 

can be drawn. 
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ABSTRACT 

Research and dev~lopment e~forts in support of the DOE Heavy 

Oil RD&D Program in reservoir access were initiated. Preliminary activi­

ties in the survey of sand contrp~, drill~ng, and f~acturing techniques 

in heavy oil formations are d~s~ribed. The continued development of a 

high temperature packer fqr us:e in steam injection applications is pre­

sented. A new application of controlled source audio magnetotelluric 

survey to dev~loping thermal fronts from in situ combustion and steam 

drive is described. 
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I. Introduction 

Previously the hea~y oil program at Sandia National Laboratories 

(SNL) has been closely related to the Tar Sands Program because of 

monetary and personnel restraints. With this report, the heavy oil 

program will assume a new and separate direction that will benefit from 

the past association and also establish a program to meet the goals and 

objectives of the heavy oil RD&D program management plan. The SNL heavy 

oil activity is in Reservoir Access as defined in the Heavy Oil Program 

Plan. 1 This is especially important because improvement in this 

technology can have a strong and key imp~ct on the economic feasibility 

of heavy oil recovery. The objective of the Reservoir Access Program 

is to improve the extraction of the heavy oil either by drilling and 

associated activities or by mining or by some combination of both. 

After the stage of primary production (if any), the ·remaining 

heavy oil requires enhanced ~il .recovery (EOR) 'techrtiques. Most of the 

economically feasible methods require additional drilling, both of 

injection wells and irr denser spacing of production wells. Thus consid­

eration of improved directional control and increased drilling rates is 

sometimes required. Often the heavy oil resource is located in 

unconsolidated formations. This presents special problems in borehole 

stability and lost circulation. The.complex strategraph of the pay zone 

can require the use of directional drilling for infill drilling programs. 

The use of new concepts for establishing well-to-well communication, e.g., 

hori~ontally drilled holes, could be important. Thus·the objectives of 

the drilling subactivity include: development of new, improved economi­

cally viable drilling techniques to reduce costs, and establishing new 

concepts of increased reservoir access for higher oil recovery. 

The production stage of heavy oil extraction can be critical in 

the development and operation of a field. Problems associated with 
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corrosive 0~ses an~ liquids on tubular materials, qandscreens, ?ackcrs 

<"lnC' c:O\mhole pUlP~!:. are Hell known. l'JelJhore heat losses in surface steam 

injection li~1t exploitation of reservoirs decacr than aSout 2500 ft. 

Th2 need for i~piove~ ther~al efficiency is concentrated on ,,ownhnle 

steaD generators, hioh-ternperature packers and s~ea~ string insulation. 

Th~ physical sti~ulAtion for increased flow involves the use of frac-

turlng techn1nues and the use of st1mulants such as acirl to O?en the 

reservo1r. The roP metho0s often introduct s1qnif1cant corros1on ~nd 

physical erQsion p{oblemc for thP ~Asina an~ ~~sooi~tc~ harJwore. 

the associate~ trouble of sand control will rnhance erosion and cavita-

L .l u II c.i [ :.ll,l f1 t) t l1 e \•/ ~~ J J ' 

1s a needed aree of study for improved foi~ation inte~rity around the 

wellbore. ~he objectives of this subactivity are: improved techninues 

for use in the corros1ve, erosive and thcr~al env.i,rbns of fOR methods, 

develo~ increased heavy oil productions by better physical stimulation, 

·and the applic~tirin of ~igher ~uality steam in the reservoir. 

The San~ia neavy Oil Prograr. for FYilO 

'.:'l!t= r.r::t,:uire!r•ents ten:· the reservoir access progran are extensive 

and the tlffie, 9~rsonnel and ~~netary res6urceG are li~itP~. The fit~t 

stage of this program is thus restricterl to those areas which are 

1~ost pressing and allow the ident1fication of a more coherent program 

in the future. 'l'~.i,$ Pro.qram, nR MJrf"~'>:·1 1.1ron l~y Sl\N/DOE and Gondio. 

National Laboratories (SULA) include the following tasks: 

The Urct to::JJ.: •r~ill be Lo tlevelap C\ hi:jh-tempe.rlll.LJL"t! packer 

for USC in Stcan; f01( tO C1l.l01~ prolonged a9plication of high­

c;uality i1nc3 ~)resst.Tre steam~ ~·his wi 11 inclur~e buildinq an 

engineer1ng prototype an~ evaluation by a series of actuation 

seal tests. 



Th€ second task ~ill be a survey of heavy oil ~rilling ?roblc~s 

and solutions. Thia survey will be naintained as ready reference 

For hel~ins_to define pjogram objectives a~~ tasks. 

The t~ir~ task will be to a~sess the ability to drill horizontal 

holes ·.·.'ith .the Sanclia \,·ater jet ·~rillinc: syster.,, 11. stucly of 1ieavy 

011 sand 0rilling characteristics will be rade. 

~he four_th ~ask will be to ~ccumulate and rlocu8ent fracturing tech-

ntnuc2 in heavy oil forrations. The raior benefit will he to 

identify poss1ble .problems and solut1ons especially as they will 

f i t in to the heavy o i 1 ~ r O<J r a!C1 • 

~he f1fth t~sk ~ill b6 to deter~ine the st~te-of-the-art for ccn­

trollin6 d1~i~~e0iating sand for~ations. This will help to establish 

needed new resear~h in the ar~as of well com~letions, ~hysical 

stirr.uiA.tion and .dovmhol·e steam procluction. 

The sixtl: task will be the evaluation of exploration electronagnetic 
. ' . . 

r:;eophy;:-.ical technio:ues for us•?. in h0.avy oil fon-:1ations. Fie10 tests 

during a ther~al recove~y process will be performed • 

. The last tasl-< ·-1iil be the sc·o?ing sturhcs oE alternate extraction 

techni~ues 6f heayy oil. SNLA wil~ .revi~w an~ perform required 

analyses to ev~luate ~ach process to help establish those with the 

greatest promise. 

3 
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II. Drilling Technology 

A. survey of Heavr Ril D~illins 

The are& of drilling problems in heavy oil formations is an old 

top1c with ~any recent and continuing developments. The specific forna­

tion applications are often unique but allow the development of an 

overview that should be most useful in the evaluation of new concepts. 

Thus, the background information from a careful literature survey will 

identify problems that can be most profitably studied~ This survey. will 

also give inS1ght 1nto solut1on~ that have been attemp~e~ in the past. 

The background infor~ation then forms a basis for the evaluation of new 

nonconventional techniques. T.o these ·objectives, a· survey of heavy oil 

drilling has begun. 

This work is a joint program between SNLA {J~ R. Wayland) and New 

i·!exico Institute of r-1ininq ancl.TechnoJ,.ogy {tnar-JT) at Soc:::orro. Prof. 

I:eshava i\charya is directing the m7H!T p~;ogr.ar:1. The survey will include 

{1) dr1ll1ng technology 

{a) method used 

{b) new and novel conc:::epts 

(2) size of well and ~elationshi? to formation chnrnr.tPri"'tir~ 

{a) niameter 

{b) stress-strain characteristics Qf formation 

{3) purpo8e of well 

{a) injection 

{b) proc:'luction 

{4) rate of penetration 

{a) formation effects 

{b) rock mechanics 

{c) fracture characteristics 



(5) directional drilling 

(6) type of drilling fluid used 

(a) density 

(b) chemical compo~ition 

(c) physical characteristics 

(d) penetration into for~ation 

j7) type of bit used 

(a) weight of bit 

(b) wellbore hydraulics 

(c) characteristics of bits 

(8) surface terrain effects 

(a) transportation effects 

(b) operation time effects 

(9) casing used for 

(a) surface 

(b) intermediate 

(c) production 

(10) drill collars and pipe characteristics 

(11) formation temperature effects 

(12) interaction with mud-filtrate effect 

(13) drilling costs 

The first phase of collecting all the current literature has begun. This 

is·being organized in terms of the above outline. Careful attention is 

being given to the problems of heavy oil production to help identify areas 

in which new efforts in drilling might be most usefully investigated. 

B. Water Jet Drilling in Heavy Oil 

Work was initiated on water jet drilling evaluation during the last 

two weeks of the quarter. Attempts were initiated to search the literature 

to find appropriate technical literature applicable to 

5 



(a) R&D Activities in Water Jet Drilling 

(b) Directiorral Drilling Results in Heavy Oil Sands 

(c) Performance Data on Jet Drilling of Oil Sands 

Detailed discussions of ongoing research activities sponsored by'Sandia 

in jet drilling of coal for methane drainage have provided contact 

with researchers who are currently participating in development of 

jet drilling programs, 9ar~i~ularly in oil sands. 

The jet drilling program o( cavern ~evelopment in oil sands is sup­

ported at Flow Industries by t~e Bureau of Mines. Two small caverns (up 

to 20' diameter) we~e developed 9ff a central hole in a formation near 

Bakersfield, CA. The project is completed anq a report has been sub-

mitted to USBM for approval. A copy will be provided by Jim Reichman of 

Flow Industries upon approval. 

Numerous papers were reviewed which, although interesting, were not 

too valuable since they concentrated upon econo~ic productivity of 

various heavy oil regions and provided little in the way of useful 

engineering data on drilling experience. 

The feasibility of _jet cutting of oil ·sands has been established 

by both the Flow Industries and limited laboratory and field work 

done by Canadian researchers. 2 Single nozzles were used to traverse 

oil sands specimens while water and energy requirements and performance 

data were obtained. Depth of cut, z, was empirically related to nozzle 

diameter, D, jet pressure, Pd, and traverse speed, U, by the relation 

z D[A(l - ~) 
pd 

pd 
-c u-

(1- e )] 

where A, B, and C are constants. Similar relations for water and energy 

requirements were offered and the correlation of the laboratory data 

with field observations is shown in attached Figure 1. Clearly, the 
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correlation is in~9equate. These data are being used to assess the 

needed additional baselin~ d~ta on oil sands cutting rates and to plan 

needed tests. 

Efforts thi$ next quarter will concentrate upon detailing the 

laboratory ~nd field tests n~eded for assessing the applicability of 

jet drilling, especially in norizontal holes. Material specimens will 

be obtained in paralle~ with the test matrix development to facilitate 

rapid implementation. of. the. testing program. 

II I. Well Completions, Physical Stimulations and 
Downhole Steam Gen~ration 

A. Surv~of Present Sand Control Technology 

The controlling of di~integrating ~and formations is one of the most 

pressing problems in heavy oil EOR. The c~rrent methods of EOR place a 

heavy burden upon the formation in the environ of the injection and produc-

tion wellbore. Often there is a synergistic effect from the elevated 

temperatures, heavy oil flow, corrosive agents and gases introduced. Thus 

the need to e~tend the useful period of production of the surrounding sand-

stone requires consideration of heat-resistant materials used for formation 

stabilization and the best methods of application. The survey includes 

(1) effects of EOR methods on heavy oil sandstones 

(2) materials for improved· sand control 

(a) heat-resistant resins 

(b) other materials 

(3) application of consolidation materials 

(a) method of implanting 

(b) depth of penetration 

(4) maintenance of sand consolidation 

(a) non-thermal applications 
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(b) thermal applications 

(c) structural integrity o.( fon;~ation 

This work is be1rig dqne 1n conjunction with George Sunan of Completion 

'l'echnology Corp. of Tiouston, TX. Hr. Sur:wn is the author of the authori­

tative World Oil's San~ Control Handbook. 3 This handbook is a ·survey 

of the sand control state-of-the-art up to 1~75. Thus our survey is 

concentrating upon rievelopi<1ents after 1975. The initial. collection of 

the literature is complet~. The next step after digesting this rather 

voluminous series of articlea will be to conduct inter~iews with univer­

sities, national laborator~es, o~l companies, oil service conpanics and 

other sources to determine the current state-of-the-art. This work is 

on schedule an~ shoulcl give valuable guidance to identifying meaningful 

proble~s that need more study. 

B. Survey of Fracturina Techniques in Heavy· Oil Formations 

EOR techni~~es need to provide well-to-well com~unication for 

effective application. Thus one of the most important well stimulation 

techniques is ihe fracturing of heavy oil formation§. To understan~ the 

phenonenon requires site specific formation characterizati0n. The survey 

'dill include: 

(1) formation characteristics 

( o) thickn~ss 

(b) permeability 

(c) porosity 

(j) type of over- and underburden 

(e) rock ~echanics 

lf) exist1ng fractures 

(g) clay content in Lhe t~servoir 

(h) formation ternperat~re. and pressure 

(i) formation fluids 



(2) injection fluids 

(a) physical ~roperties 

(b) che~ical additives 

(c) leak-:off' rates 

(J) ~')rorping a:Jent carrying ability 

( e I friction losses 

(f) extent of formation ria~age 

(g) formation of coke 

(h) ·Jascs, e.g., 

(a) fracture conductivity 

(b) density of prop?ing agents 

(c) spacing of propping agents 

(d) nature of 0ropping material 

(i) sand 

(ii) metallic pellets 

(iii) organic waste 

(e) selection of propping agent 

(4) fracture characteristics 

(a) initiation of fracture 

(b) mechan1cs of rock fracturing, fracture lenqths, etc. 

(c) angular ori~ntation (vertical, horizontal, etc.) 

(d) ~ulti~le fracture formation 

(S) equirr:'.ent 

(a) surface equiL-::~ent C!nd v1ellheacl enuip!l'er.t 

(b) downhole tools and packers 

(c) valves, surface and downhole 

(6) explosive fracturing 

( 7) modeltng of fractures 

(3) economics of f~acturing 

9 
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This work is being done corporately between SNLA and NMI~T. The principals, 

J. ~. waylan~, ~. Acharya and C. Morgan, have al~ost coripleted a survey 

of the state-of-the-art literature from 1975 to the present. As soon as 

this is completed, the ~ost proreising areas will be followed up with 

on-site interviews. 

C.· Uiqh Temperature Packer Development 

In EOR, it 1s often import~nt to hav~ a packer th~t will withstand 
I 

the tenperatures and pressures encountered in the long periods of appli-

cation assoc1ated with ther~al producticn·techniques. The packer develop-

~ent progra~ is divided into elasto~eric and alternate sealing material 

~evelo9~ent. t~ will he concerned with the latter rnatcrials. The first 

phase of th1s work was ~n1.tiated under the DEEP STEA!t Project and was 

associated with this program in May of .1980. Phase I was confined 

pr1~arily to charac~erization of s~al materials for the packer.sealing 

elements. The miterials surveyed included ~etals an~ inorgani~ fibers. 

These materials are to be used in the development of metal packer seals 

for mini~um stress packers. This work is being done by L'Garde, Inc., 

of Newport Beach, C~. The first phase provided a conceptual design of 

the high temperature enhanced recovery packer (FRP), material properties 

ot s~v~tal cand1date seal mater1als and a structural analysis <lf the 

L'Carde concept to help establish feasibility of the concept. ~hey are 

now 1nto Phase II. 

The basic objective of Phase II is to design, fabricate ar1d test 

an enqineerinq 8Qdel of the L'Cardc packer con~Ppt. ThP h~r~w~re proof-

of-concept tests will establish a seal against a simulated casing at 

roo~ temperature. ~his will involve preli~inary developmental tP~ting 

on the conponent level. The one area where analysis cannot be exact 

and indicates testing is in sealing. The anount of sealing pressure 

required, seal surface f1nish requirements and need of a seAling nad 



at the surface must be established prior to designing and fabricating 

the demonstration model. Phase II consists of three b~sic tasks: 

a) seal simulation tests, b) design, analysis and fabrication of an 

engineering model~ and c) room temperature seal tests of the engineering 

:codel. 

The tests of Phas~ I provided Qaterial properties--tensile, corn-

~ressive, shear, friction and creep--for several candidate materials. 

These data w~re used .to identify the most acceptable material candi~atcs. 

These naterials will .be subjected to seal simulation tests in July 1980 

to 2ssess scalability. In t~e~e tests, a washer-shaped material speci~en 
. . . . . 

is s-resscd bcti'ICCI1 t\-70 plf.itr.·s··.SiQU~atin(j a casing surface. 'A center 

volu~e (washer hole) in the sample is ~rcssurized with water and the 

leakage determined as a function of squeeze force on the two plates 

(packer setting force) ~nd water pressure in the· washer hole (differ~ 

ential pressure across the packer). 

The des1gn.and fabr~cation of a one-half scale engineering ~odel 

requires seal element and setting mechanism structural analysis, detailed 

design,· 9reparatiph of fabrication drawings, and fabrication and assembly 

of the hardware; FiJst, a .finite element analysis will define the 

optimum shape and fore~ of the actuators to 9rovi~e constant seal pressure 

about the circumference. The necissary trade-off betwcel seal thickness 

and the sealing oressure will be established. Where necessary, manual 

analysis will be used to check consistency of design. Then a design 

layout of the engineering model will be generated. Cetailed fabrication 

drawings of the seal configuration and actuating mechanisms will be nade. 

After part fabrication, the assembly will be tested prior to installation 

of the seal element. Th~n the engineering model will be ready for roon · 

tem~erature aeal tests. 
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The objective of the room temperature seal tests will be to demon­

strate that a seal against a typical casing section can be made. The seal 

test will consist of the enginee~ing model being set in a section of 3-1/2 

inch API tubing using L'Garde's 200-ton press. The lower end of the tubing 

will have a fitting that provides a pr~ssure chamber for applying pressure 

to the bottom of the seal. Two test runs will be made. At the conclusion 

of the first run, the test data will be evaluated and the model modified 

as needed. The second run will be to verify the design modification. 

In summary, this task consists of design and fabrication of the test 

casing, redesign of the engineering model after the first run, fabrication 

of the changed components, perfo~mance of the test and documentation of 

the tests. 

D. Controlled Source Audio Magnetotelluric Survey 

The tracking of in situ combustion and steam drive thermal fronts 

by surface measurement techniques is an important aspect of improved 

reservoir stimulation. There are numerous electrical and electromagnetic 

geophysical techniques that might be applic?ble. Almost all depend upon 

the fact that the oil zone will usually be of a higher electrical resis­

tivity than the surrounding strata because of the resistive nature of the 

oil. During a steam drive EO~ process, tne heated region will be of a 

lower resistivity because of the presence of hot steam, the heated ground­

waters and the absence of oil. During a fire flood EOR process, the 

combustion region will be of a lower resistivity because of the hot 

carbonaceous material, the nearby heated groundwater, and the absence 

of .oil.· The oil front will probably be a high resistivity region because 

of the presence of excess oil and absence of groundwater. The objectives 

of this project are to eval~ate and improve the effectiveness of surface 

electromagnetic exploration geophysical techniques that can be used to: 

1) map and monitor the thermal recovery process for heavy oil sands, and 

12 



2) explore and map shallow heavy oil deposits. More specifically, field 

tests of· controlled so;;rce audio magnetotelluric and pulsed or transient 

EM techniques will be conducted for evaluation of their applicability 

to th~s objective. 

The benefit of the controiled source audio magnetotelluric (CSAMT) 

to the heavy oil program will be to better enable assessment of the 

efficiency of and the controls ~pplied-to the thermal (steam and fire 

floods) recovery of heavy oils~ The CSAMT method may allow one to map 

and monitor the progress of the recovery process. In addition, to 

adequately plan the recovery of the heavy o~ls in a particular field 

requires knowledge of the areal e~tent and depths of the reservoirs. 

Seismic reflection data cannot alone supply this information. There ts 

speculation among various exploration geophysicists that the proposed 

EM techniques may be used to directly indicate the presence of hydro­

carbons. The proposed proJect will address the evaluation of the use 

of EM techniques to map shallow deposits ~nd monitor thermal recovery 

process. 

The survey method that is used in the first phase of the program 

involves the measurement of fields around a grounded bipole. Without 

a detailed exa~ination of the electric and magnetic fields associated 

with a grounded bipole, it is impossible to make accurate prediction 

from an analysis of field data. Many solutions exist for different 

geometries but all req~ire reformulation into a form that will allow 

analysis of site specific measurements. One example that indicates the 

approach· is given by Foste~ 4 for the case of the bipole grounded into. 

a layer of given thickness and resistivity over a half-space of given 

resistivity. By examining the behavior of the field with distance from 

from the source, it is possible to calculate the apparent resistivity, pa' 

1.26xlOS (E/H) 2 
Pa = f 
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Hhere r:' 1s tlH? electric field in volts/rn and ll is in amp turns/m for a 

source of frequency f. When meas~rements are made at distances greater 

than three skin de~ths, the apparent resistivity calculated I~ the above 

equAtion corrcs?orids tc the actual apparent resistivity. The skin depth 

i!::; given by 

d 503 J p /f a 

!:ore det.:lileL1 SOlUtions \·lill·SO}VC. iiC'l>:Wcll'S eouationS for the COI"l-

~'lonents ot tl:e Ilertz vec.tor II, l. e., ench cor.ronf;nt of the llP.rt:z VPGt-nr 

satisf1es 

i = 0, 1, 2 

k = x, z 

6 propagation constant 

Then the electric fiel~ ~ is Qiven by 

E. = c 'VV•n 
l. ~ 

:2 - c y. IT. 
l. . l. 

ion<'! the r:agnetic f.ielri :1 is <Jiven by 

H. = 
l. 

where c is the velocity of light and w is the angular frequency, and 

where o is the conductivity and E the electric permeability. The solu-

t1on of these equations gives a near and far fiel~ solution that 1s 

frequency dependent. Thus the analysis o.f measurP.Ments must include this 

effect an~ ~ proper interpretation of measured E and Jl fields. At the 

present time, calculations are being set up foi analysis ~urposes. 



The experiment chosen for a first test of this approach is a steam 

injection experiment in the tar sands outside of Vernal, Utah. This test 

is being run by Laramie Energy Technology Center (LETC). The site for 

the LETC TS-lS, four miles west of Vernal, Utah, in the Northwest Asphalt 

Ridge deposit, is on Sohio National Resource Company property. Based 

upon steam injection tes~s and modeling, two concentric five spot produc­

tion patterns were ~hosen (~igure 2). 'The outer four production wells 

(3Pl-3P4) q.re on the perimeter of 0.25 acres production pattern and the 

inner four groduction ~el~s (3P5~3P8). bound 0.1 acres production pattern 

with ·a common injection weii ( 3!1) located in the middl~. The wells 

(3Ml-3M4) are temperature mqnitor wells. There is a greater permeability 

in the North-South directionthan in the East-West direction. Also, the 

top 45 ft of the pay zone ~veraged about 10 md, w~tle the bottom 5 feet 

had about 2 darcies of saturated permeability. The bottom layer appears 

to be unconsolidated. The overlying and underlying shales have less than 

10 md of permeabilitY for reasonable pay zone isolation. 

Stearn injection began on 22 April 1980. After the initial shakedown, 

the steam injection rate is about 400 equivalent barrels of water per day 

(BWPD). The steam quality is about 50 to 80% at approximately 500 psig 

and 460°F. ·A steam break-:-through to production well 3P6 has occurred 

and 3P6 is now shut-in wilh p~riudic low level steam bleed-off. The best 

producers have been pr6ductio~ wells 3P7 and 3P8, with 3P8 giving about 

twice the amount of oil as 3P7. The production well 3P5 is not producing 

any oil. 

A series of CSAMT measurements have been made at the Vernal site. 

The electromagnetic field was produced by a grounded bipole source. The 

two ends of a 2000 ft antenna were grounded with transmitter located at 

the center of the bipole. The electric field was measured by a dipole 

receiver (5 m s~acing) in contact with Lhe ground, and the magnetic 

15 
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field measured with a ferrite coil magnetometer. Soundings were_made 

by varying the·frequency from 4.to 2048Hz and lateral variations by 

moving the receiving antenna. 

When measurements of the electric and magnetic fields (E parallel 

to and H perpendicular to tbe transmitting bipole antenna) are made at 

distances greater than three skin depths (far field region) from the 

transmitting antenna, the apparent resistivities calculated using the 

equation given above correspond to the "true" apparent resistivities. 

In thl::! fe:u fil::!ld rl::!yiuu plant:! wave solutions are appropriat:.e. Measur~­

ments made at distances less than three skin.depths (near field region) 

yield an apparent resistivity which will be higher thari ~he "true" 

apparent resistivity. Even though the near field resistivity values 

do not represent the "true" apparent resistivities, the near field 

measurements can be used to delineate subsurface variations if there 

are sufficient resistivity contrasts. For the most part, the measure­

ments made at the Vernal site were in the near field region. 

Because of the steam breakthrough, the first' set of measurements 

1n late May 1980 concentrated upon measurements between 3!1 and outpost 

3P6. A resistivity low found near 3!1. increased to a maximum ~w~y frQm 

the injection well and then decreased to a background value further 

away from 3!1. Later tests indicate that the presence of plumbing does 

not have detrimental effects on CSAMT measurements. 

This set of preliminary results encouraged us to make a complete 

survey of the injection site on 20 to 22 June 1980. The results of this 

survey are shown in Figures 3 to 7. Each.data collection point is shown 

by a dot overlain upon the well pattern of Figure 2. The numbers beside 

each dot are the apparent resistivity in ohm-meters at the indicated 

frequency. The contours are best estimates of the constant resis­

tivities (indicated by the circled numbers). The analysis of the 



data is not complete, so interpretation cannot be made at this time. 

However, a numb-er of observations can be made to indica·te possible 

interpretations. T€mperature measurements in 3Ml-3M4 indicate that the 
" 

steam has developed most strongly along the lower layer of the pay-zone 

with some heat toward the top of zone at 500 ft. The higher temperatures 

on 20-22 June 19!9 were in 3M2 and 3M3. Thus the 4 Hz results shown in 

Figure 3 follow a pattern that is consistent with the observations from 

the production and monitor wells. (3P2 and 3P3 were not operational at 

the time of these measurements.) The same general phenomena is seen up 

to about 128Hz (see Figures~. 4 and 5). However, at 256 and 512 Hz, 

the contour pattern changes and the interpretation is less clear. At 

256 and 512 Hz the resistive high near P2 is still present. The higher 

frequencies (1024 and 2048 Hz) are not shown because of pattern breakup. 

As a hypothesis, if we assu~~-~hat the pattern shown for 4Hz is the 

steam front, then 3P7 and 3P8 should be the best producers. But also 

then the next two wells to start up should be 3P2 and 3P3. By the end 

of July, the steam front was at 3P8 to the extent that there was suffi-

cient pressure to·produce without pumping. Also 3P3 had produced £or 

awhile but sand control problems had shut it down. The well 3P5 has not 

yet produced oil. 

17 
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FIELD DATA 

NOZ~LE TRAVERSE 

DIA. SPEED,U 

(mm) (m/s) 

• 3.2 0.2 
!:, 6.4 0.2 

!:, 0 11.1 0.2 
!:, 0. 11.1 0.48 

!:, \1 15B 0.2 
.o· 15B 0.48 

!:, 

!:, !:, 

0 
:! ~~ 0 0 

0 0 

1 
\1 

0 
0 

a. VO~UM~TRIC CUTTING R~TIO (OIL SANDS CUT TO WATER REQUIRED) 

0 
0 
0 

FIELD DATA 

NOZZLE TRAVERSE 

DIA. SPEED.U 
(mm) (m/s) 

• 3.2 0.2 
!:, 6.4 0.~ 

0 1i.l 0.2 
Q U.l 0.48 

15B 0.2 
15.8 0/11 

• U=O.S (m/s) 

· U=0.2(in/s ~ 
...___!:,~ ~ 

LABORATORY CORRELATIONS 

PRESSURE (MPa) 

b. SPECIFIC ENERGY REQUIREMENT FOR HYDRAULIC CUTTING OF OIL SANDS 

Figure 1. Water Jet Nozzle Performance 
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