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NATIONAL EXAMS — Nr~y Zois

98-PET-A6 Reservoir Mechanics

3 HOURS DURATION

NOTES:

1. If doubt exists as to the interpretation of any question, the candidate is urged to submit a
clear statement of any assumptions made along with the answer paper.

2. The candidate must answer problems 1 and 2, and can choose any three of the remaining
six problems. Only the first three questions, in addition to problems 1 and 2, will be
marked.

3. Candidates may use one of two calculators, the Casio or Sharp approved models. This is
closed book examination.

4. All questions have equal value.

5. Equations sheet, conversion factors and useful charts are enclosed. Please use the graph
paper provided where warranted.
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PROBLEM 1 (25 points total, each question worth 5 points)

Answer the following questions, with the aid of a drawing/graph/diagram if necessary:

1. Explain retrograde behavior. What is the difference between retrograde condensation and
retrograde vaporization?

2. Explain why you would want to waterflood an undersaturated oil reservoir.

3. Give four examples of independent cases where a straight line is used for determination of
reserves.

4. Which method is the most generally applicable to determine the amount of aquifer influx?
Explain why.

5. Explain how and when you would use reservoir simulation to determine reserves.

PROBLEM 2 (15 points)

The following production and gas injection data pertain to a reservoir:

cumulative oil producing gas-oil ratio, cumulative gas
production, N~ RP (sef/stb) injected (MMsc~

Mstb
0 300 --
1 280 --
2 280 --
3 340 --
4 560 --
5 850 0
6 1,120 520
7 1,420 930

Plot on the same graph the producing GOR, the cumulative produced gas, the net cumulative
produced gas, and the cumulative injected gas versus cumulative oil production (4 curves).
Show all you calculations.

PROBLEM 3 (20 points)

Consider a gas well with the following production history for the year 2002:
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date
1/1/02
2/ 1 /02
3/1/02
4/ 1 /02
5/ 1 /02
6/ 1 /02
7/ 1 /02
8/ 1 /02
9/ 1 /02

10/ 1 /02
11/1/02
12/ 1 /02
1/1/03

production rate
(MMscf/month)

1,000
962
926
890
860
825
795
765
735
710
680
656
631

a) Plot these data on graph paper to investigate the type of decline.
b) Calculate the reserves to be produced from 1/1/03 to the economic limit of 25 MMscf/month.
c) When will the economic limit be reached?

PROBLEM 4 (20 points)

Two oil wells near the Rocky Mountains are drilled on the same structure, and tests indicate that
the fluid properties are identical. Determine whether the wells are in pressure communication
and, if so, whether they could be in the same reservoir. Fluid properties and well data are
provided below.

a) fluid properties
yo (°API) = 32
yg = 0.723
RS (scf/stb) = 500
T (°F) = 200
po (lbm/ft3)= 62.366
Bo (res bbl/stb) = 1.3

b) well data
well 1 we112

elevation of Kell bushin ft 7,134 7,028
de th from Kell bushin ft 5,652 5,426
ressure (psia) 2,453 2,306

c) other information
MWair = 28.97 lbm/lb-mole
R = 10.732 psi•ft3/lb-mole•°R
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PROBLEM 5 (20 points)

The following data are available for an initially undersaturated reservoir, with no water drive and
initial gas cap. The hydrocarbon pore volume is 3 106 rm3. As pressure dropped from the
initial to 13 MPa, 0.8 • 106 sm3 of oil has been produced.

initial pressure, final pressure,
= 23 MPa = 13 MPa

5~,, 22% 22%
Bo 1.333 rm /sin 1.49 rm /sin
RS 175 sin /sin 110 sin /sin
B 0.0111 rm /sin

i) Calculate the reservoir oil and gas saturations at 13 MPa.

ii) This reservoir, from top to bottom, consists of 10 m of 350 and sand, 1 m of 0.5 and shale, 4
m of 1230 and sand, 2 m of 2.4 and shale and 8 m of 520 and sand. What is its average
vertical permeability?

PRosLEM 6 (20 points)

An oil property is estimated by material balance to have an ultimate recovery of 795,000 STB.
The reservoir will produce unrestricted from an initial rate of 425 bbl of oil per day (BOPD),
declining to an economic limit of 30 BOPD.

Determine, assuming i) exponential and ii) harmonic declines:

1. the total time on production
2. the decline rate
3. the yearly cumulative production over the producing life of the property.

Plot the respective decline curves as straight lines.

PROBLEM 7 (20 points)

A well producing only oil and dissolved gas has produced 12,173 STB. The well has not been
stimulated, nor is there any reason to believe that there is a significant amount of formation
damage. A pressure buildup test is run with the primary objective of estimating static drainage-
area pressure. During buildup, there is a rising liquid level in the wellbore. Well and reservoir
data are:
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cp = 0.14
µ = 0.55 cp
c~ = 16 • 10-6 psi-1
rW = 0.5 ft
AWb = 0.0218 ft2
re = 1,320 ft (well centered in cylindrical drainage area)
p = 54.8 lbm/ft3
q = 988 STB/d
B = 1.126 rbbl/STB
h=7ft

Data recorded during the buildup test are given below:

et (h) pWs (psia) et (h) p„,S (psia)

0.0 709 19.7 4,198
1.97 3,169 24.6 4,245
2.95 3,508 29.6 4,279
3.94 3,672 34.5 4,306
4.92 3,772 39.4 4,327
5.91 3,873 44.4 4,343
7.88 3,963 49.3 4,356
9.86 4,026 59.1 4,375

14.8 4,133

Determine:

1. time at which afterflow ceased distorting the buildup test data
2. formation permeability
3. skin factor
4. pressure drop across the altered zone

Draw the appropriate graphs) and show all your assumptions and calculations.

PROBLEM 8 (20 points)

Describe a method for determining the gas volume initially in place. Develop the equations
needed. State all assumptions and possible errors/limitations of the method you are proposing.
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Al0 TO METRICATION

Factors, tables help convert to SI metric units
~~

These conversion factors. and tables have been assembled to help
you make a fast c{~ange from customary units to the International
(SI) System of metric units. October 1974

Earl S~afo~, Edhor
Oil, Gai d~ Petroc}iam Equipment

T~ asra~t Ma To Mott(pf~ ay
sue ......................... hectare 0.40469
acre ......................... metre' 4,046.9
aae-fact .................... metre' 1,233.5
smpero-~sour ................. coulomb 3,600.0
~rtgrtrom .................... nanometre 0.10000
sstrw~amlgl cm(t ........... g~gametre 149.598
itmos~herc ................... bar 1A1325
ttmos~her~ (norma0 .......... kilopascal 101.325
ahrasphere (normaD ....... pascal 101,325
ttmr~here U k~f/c+n'1 ....... pascal 98,061
bar ......................... kibpascal 100.000
bar ......................... pascal 1Q0,000
turret (42 US p0 ............ metre' 0.15899
barrtl/urc-toat . . ............. decirtxtre'/meter' 0.12889
hotel/daY ................... decimetre'lstcond 0.00184
barrel/day .............. metre'/day 0.15899
btrrefldaY ti fc~/dm') .... Mnne/annum 58.0304
bacrellfoot ................... metre'meter U.52161
bstrellhour ................. decimetre'lrecond 0.04416
buret/hour .................. metre'/hour 0.15899
barrel/US ton ................ metre'ltonne 0.11525
board-foot ................... metre' 0.00236
&Irish tfieraul unit .... joule 1,055.1
British thetasai unit .......... kilojoule 1.05506
British tfiermaf unit .......... ~tt-#your 029288
BTU/bhpfiour ................ watt/kilowatt 0.39301
BTU/foot' ................... kilojoulef metre' 312590
BTU/foot' ................... kilowatt-hourlmetre' 0.01035
BTU/US Qalbn ............... kilojoule/mehe' 278.116
BTU/US gn(!on .............. . kilowatt~hour/metre' 0.01142
BTU/hoot .._..... watt 0.29307
BTU/minute 

.................. 
watt 11.5843

B1U/stcond 
............... 

kilarratt 1.05506
BTU/hour-foot' ...... ~ ~ ~ ~ ~ watt metre? 3.15459
B1U/hour-foot' 

............... 
wattlmetre' 10.3491

BTU/hr-cart? °F ... ........... ~tt/metre'-kelvin 5.61826
BTUlsecond-foot? °F. .. kilowattlmetre'-kelvin 20.4418
BTU/bou~-foot? °F. ..... watt/mMfe'-kelvin 18.6295
BTII/seeor~-toot'-°F. ~ ~ ~ ~ ~ . ~ kilo~rattlmetre'-kelvin 67.0661
81U1hourdoot? °F./foot ......... wa~tt metre-kefrin 1.73074
B1U/hour-foot'-°F./inch ........ wattlmette-~cefvin 0.14428
B1U/second-toot? °f./In........ wztt/metrNcblvin 519.220
BTU/Pantd ams ............. kules/gram 2.32600
BTll/poutb aau ............. wattfioutlkiloQTam Q6461I
BTU/pound mot .............. ~Ouleslrt+ot 2.32600
BTU/pour~C-°F. ............ ~oules/~~m-kehrin 4.18680
81U1pound mol.°F ............. pules/moNctfrrin 418680
bye) ................. .. decimetre' 35.2391
b~el .........:........:... metre' 0.03524ptaie ................. }oule 4.1840
alor{e/bound ................ joule/kI{agnm 9.22414
ea~rtipofse ................... acwtat-seunElmetre' 0.00100
centiDclse ................... pascal-stcond 0.00100
certtfrboice ................... millimetre'locoed 1.00000
cl~in .. ................. mitre 20.1168
cydelucoad ................. hertz 1.00000

miawnetre' U.98692
de~e ian~te7 ................ radian 0.01745
~fl100 foot ............. mlllikelvialmete~ 18.2269
°f.-foat~#~our/BN~............. kefrr(n~metre'/watt 0.17611
one ........................ milfinerrton 0.01000
~( .... ~ .................... microjoule - 0.10000
Kt - • ....................... mfilijoule Q.00010
ttthom ............. metrC 1.82880
toot ......... 

............ 
antimetre 30.4800

foot ....................... metre 0,30480
fuatl .................... metre/day 0.30480
foot/°E . ..................... metre/kelvin 0.54864
tooUhocu ................... metre/hour 0.30480
~/~ ................... millimeUclsecond 0.08461

Table 1-$ase S! metric units

Qwatftp Nt~n 17~+~
Ltt~gth ..................... me
IAass ...................... k3lo~am kYr~ ..... ............. u~«,a :
Electr(c amertt .... ..... ampere A .
ThermoQynamic tempenhre ... ketrin K
Luminous &rteraft~ ........... dndela ~
Amount of sutrsUna ......... mole mot

Table 2--~mpartartt demred and supplementary Sl units

Qearrttt~r !tame ~ S~6a1 f~rxala

Electric gp~citance ...... farad F A-s/Y
Electric cturge .......... coulortsb C A-s
Electric cottductince ...... siemens S J1/Y
Electric inductance ....... henry H WbIA
Electric potential ......... volt V W/A
Electric garrttity ......... coulomb Q YIAElectric rcsistana ........ ohm
ElectromoCrve twce ....... volt Y W/A
Ever ............... Joule 1 N-m
Encr~ fimc .............. matt W 1/s
Faa ................... nevrtan - K k~-m!s'
Fre~uenry ............... hertz Fiz 1ls
illuminance ......... .. iwc lac lm/m'
Luminous flea ............ krmen lm ed-sr
Magnetic flux ............ rrebe~ Wb V-s
M~netic flux d~utry ..... tesu T YYblm'
Power .................. wttt W 1!s
Pressure ......... I Pa N!m'
Rwrttity of heat .......... to 1 M-m
Solid m~ie .............. stertQian :c
Work ................... joule 1 Fi-m

Table 3-SJ prefiuces end rttuttipf'Kction Patton

~ s~ ty.~►.i ~
ten ...................... T 10'=,
Y~¢~ ...................... 6 1Q~
mc~• ..................... M 10'
kib ............ ....... k IO'
hecty .................... h 10=
dek~ ..••• ................ da ~ 10'
deci ..................... Q 10-'
anti ..................... c 10 '
milli ... ................. m 1Q-'
micro ..................... ~ 1Q-'
nano ...................... n 1Q~'
p p 10-'"
femto ..................... t 1Q'"
ttto ...................... a 10-'x.
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io cocvert from Ta Multlpty by To convert ham TO Maltlpty yrfoot/minute centimetre/ucond 0.50800 minute (angle) ......... radian Q ~o029..................foot/minutt ..... ............ metre/minute 0.30580 newton .............. ....... pound force ay. X12481foot/minute metrelseconG 0.00508 ounce force ry ^~''rt0~ 021801foot second .................. metrelsecond 0.36480 ounce mus av .............. gram 28.3495foot/ucmid' ................. mehelsecand' 0.30480 ounce rtuss av .............. kilogram 0.02835foot' ....................... ctntimetre' 929.030 ounce US iluld ................ centimetre' 295735foot' ....................... metre' O.Q9290 ounce troy ................. gram 31.1035foot'/hour ................... miilimehe'/second 25~80bd partlmillion (volume) .......... centimetre'/metre' l.pppaofoot'lstcond ................ millimettt'/stcond 92.90.3 paspl ....................... pound font/toot' 0.02089foot' ........................ decimetre' 28.3169 pascal ..................... pound farce/inch' 0.00015foot' ........................ mehe' 0.02832 Pica ................... , , , ... centimetre 0.42175toot'/day .............. daimetre'lseconC 0.00433 Pica ........... ..... Inch 0.16604foot'/dty .................... ~~'Iday 0.0.2832 pint US dry ................. decimetre' .0.55061foot'/dty .................... metre'/hour 0.00118 pint US IiQuid ................ decimetre' '.0.47318foot'/foot ................... meae'/rt+etre 0.09290 paint .... centimetre 0.03515toot'/fwur decimetre'/second 0.60787 point ....................... inch 0.01384toot'/hour .................. metre hour 0.0.2832 Pound force .................. newton 4.44822fooN/mimrte ................. decimetre'lsecand 0.47195 pound mass ~v ................ kilogram 0.45359foot'/minute ................. ~he'Jminute 0.02832 Pound mass troy .............. kilogram 0.31324(ooN/paved .. ... metre'lkilogram 0.06243 pound mol ..... ............. kilomol O.ES359foot'/pound mol ............... metre'/kilomoi OA6243 pound fora/foot' ............. Pascal 47.8803foot'/stcvnd ...:............. metre'/second 0.02832 pound torn/inch' ............. kiiopascal 6.89476footgndle ................... iux 10.0764 pound fan/inch'/foot ......... kilopascal/metre 22.6206foatcanCl~-stcond ............. ~~'u~°nd 10.0764 pound mass/6anel ............ gramldecimetre' 285301foot-pound fora ............. laule 195582 Pound rtuss/barrel ............ kilogram/metre' 2.85301foot-foundIlls Ilan ......... , kilojoulelmetre' 0.35817 Dound mass/foot ........ . ..... kilogramlmetre 1.48816(oot~oundlmirtutc miliiw~tt ~,597Q pound rtuss/foot ............. kilogram/metre 4.88243foot-poundlminute ............ +~tt 0.02260 D~~ ~~Ifoot ...... kilogram/metre 16.0185.......
foot-pound/ucond watt 1.35582 Po~~ ~~~ gallon ......... gram/centimetre' 0.11983gallon US ipuid ............... metre' 0.00379 DWG ~1~ Ballan ......... kilogram-decimetre' 0.11983gallon US/foot ................ metre'lmetre 0.01242 DWG ~~~horsepowerfir. ..... kilogram/kilowatt-hour 0.60828gallon US/horsepower-hr. ....... ~Wmetre'/megajoule 1.41009 Pend mus/harsepower~hr. ..... kilagramlmegajoule 0.16891gallon US/horsepowerfi~. ....... millimetre'/joule 1.41009 Round miss/horsepowerfir. ..... miliignmljoule 0.16897gallon US/1,000.btrrel ......... centimetre'/metre' 23.8Q95 Pound mass/hour .............. tonneIday 0.45359gallon US/tooN ............... decimeNe'/metre' 133.68I Pound mass/minute ............ kilogram/minute 0.45359gallon US/hour ................ decimetre'/uconQ 0.0.0105 Pound mass/second ............ kilogramisecond 0.45359gallon US/hour ................ metre'Ihour 0.00379 PaunG man/hour-foot .......... gram/second-metre 0.41338galbn tlS/mite ................ decimetre'/100 kilometre 235215 Daund rtwulsecand-foot ........ kilogramisecond-metre 1.48816gallon USf minute .............. decimetre'/ucond 0.06309 Dound masslseconC•foot ~ ....... pascal•second ~ 1.48816g~lion US/minute .............. metre'Ihour p~712 pound mass/ucond foot ...... kilogram/second-metre 4.88243¢allon lJS/ton US ............. decimetre'/tonne 4.17270 Pound mol ...~ ............... kilomai ~ 0.45359• pound mollfoot .............. kilomol/metre 16.0185BTa~~ .... .............. milligram ~ 64.7989 pond mol/US gallon .......... kilomol/metre' 119.826grain/gallon US .............. gram/metre 17.1181gain/100 .foot' .............. milligram/metre' x.8855 Round mol/hour ............... kilamol/hour 0.45359horsepower .... ........... kilowatt 0.14570 Pound mot/stcond ..... ....... ki(omol/second 0.45359horsepower moiler) ........... kilowatt 9.80950 end fora-toot .............. joule 1.35582horxpower/foot kilowatt/metre' 26.3341 Pound fora-foot ...... . ....... newton-metre 1.35582~ " """""' pound force-+nch Joule 0.11298honepowtr-hour .............. kilmratt/hour 0.14570 ~ ~ ~ ~horsepowerfiour pound facNinch .............. newton-meVe 0.11298• . • • .. • ....... megajoult 268452 pound force-foot' ............. kilogram-metre' 0.04214inch ........................ centimetre 254000 pound taro-foot/inch .......... newton-metre/metre 53.3181inch ........................ millimetre 25.4000 pound forcr~inch/inch .......... newton-metre/metre 4.44822Inch ................. pica 6.0.2250 pound fotc.~-footlinch~ .... oulelcentimctre' 0.00210

....... 'point 72.2700 pound force-foot second ........ ~'~~~ • • • • • • ~ • • • ilogrom-metre/secrond 0.13826inch HQ (6Q°F] ...:....... kilopasgl 3.37685 pounE lo~a-ucondlfoot' .. pascal•second <7.8803inch H~0 (60° F1 kil asc~l 014884inch/minute ,,,,,,,,,,,,,,, ~ quart US ................ decimetre' 0.94635antimetrelminute 2.54000 n~an f~n~ie) ................ degree 572958(nd~/second .................. arttimetre/ucond 2..54000 ndim (art~1e) revolut(on 0.15915inchlucond .................. millimetrelsecoad 25.4000 r~Qun fanYle)/minute ......... revolution/minute 0.15915inchlYeu ................... millimetre/an~wm 25.4000 °Rankine .. .......... kelvin 0.55556inch' ........ ............. aatimetre1 6.45160 rowlutian .................... radian (angle) 6.28319k~' ... ................. millimetre' 645.160 rorro(ution/minute ............. radian/minute 628319inch'lueond ~ ................ millimetre'lucand 645.160 • set~tio~t ...................... hectare 258.999inch' ....................... centimetre' 1fi.3811 therm ....................... megajoule 10550.6Mcfi' ....................... aMimetre• 41.6231 ton fora l!S ........... kilonewton 8.89644(oulc ........................ British tfiermal unit 0.0.0095 ton mass lJS short ........... kilogram 901.185~~ foot-po~md torcc 0.73756 ton mass (JS short ........... tonne 0.90718
kllo~m rtutre' ... , ; ...' ....... 

pound mass n. 2.2t14b2 tonne ....................... kllagram 1,000.0........ pound rtuss/foot' ~A6243 tonne ............... megagram I.00a00kibmetre/hour ............... milelho~r statute 0.62137 ton fora US/foot' ............ megapascal 0.09516kilowatt~aur ................. kitojoule 3,600.0 ton fora US/(nch2 ........... mega~ascal 13.1895kiloMnttfiour ................. meQajoule 3.60000 ton fora US~nile ...... • . - .... mega~oule 10.3174knot .................... . ... kilometrelhour 1.85200 t~ ~~ (~/may tonnt/hour 0.03780bmbert ..................... andeulmet~e' 3,183.1 ton rts~ss USlhou~ ............. tonnelday 0.90118link ......................... metre 020111 ton mass llS/C~y .............. kilogramisecanQ 0.01050metre :...................... foot 3.28084 ton mass 11S/hour ............. kilogramisecand 025120metre' ....................... toot' 10.7639 tan mass US/minute .......... kilogramisecond 15.1197mete' ...................... barrel (42 l!S ga0 618981 ton rtuss USJnar ............ tonneannum 0.40118rtkhe' .................. toot' 35.3147 ton rttass US/foot' tonne/metre' 9.76486metre/minute ................ foot/minute 3.28084 toR ......................... pascal 133.322rtutre'/minute ............... ~Ilon US/minute 264.172 watt ......... 8TU/minute 0.05687miaow ...................... miaometre 1.00000 watt ........................ joulelsecand 1.00000mil ......................... micrometre 25.4000 matt-hour .................... joule 3.600.0mile, nautical ................ kilometre 1.8520.0 watt-ucond Ioule 1.00000mile, US sbtute ~~~~~~~~~~~~~~~~~~............. kilometre 1.60.934 rd .......... metre 0.91440mile' US statute kilometre' 2.58999 ard' .................................. metre ~ 0.83613mile NS st1t1/US Qal ........ kilometreldecimetre' 0.42514 Y rd'mile NS staUlhour .,.,,,.... Y~ ••••-••••••••••• ~••••• metre 0.76455Liln.++. ~..1~.....




















