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OBJECTIVE 

The objective of this project is to integrate advanced geoscience and reservoir engineering 
concepts with the goal of quantiijhg the dynamics of fluid-rock and fluid-fluid interactions as they 
relate to resexvoir architecture and lithologic characterization. This interdisciplinary effort will 
integrate geological and geophysical data with engineering and petropkrysical results through reservoir 
simulation. Subcontractors fiom Stanford University and the University of Texas at Austin (UT) are 
collaborating on the project. Dr. Jerry Harris, Associate Professor in the Department of Geophysics 
at Stsmford, is supervising the geophysical research. Dr. Gary Pope, Director of the Center for 
Petroleum and Geosystems Engkshg  at the UT, is Supervising the hydrologic and tracer research. 
Several members of the PRRC staff are participating in the development of improved reservoir 
description by integration of the field and laboratory data, as well as in the development of 
quantitative reservoir models to aid performance predictions. 

SUMMARY OF TECHNICAL PROGRESS 

GEOLOGICAL STUDIES 

Field Work 

Field work in the Carlsbad area is continuing. F@ more permeability samples have been 
collected in the Rocky Arroyo area (Fig. 1) . Samples were collected on a more regular grid pattern 
than had previously been used, so data will be more usefiil for geostatistical modelling. Because of 
the many difEculties encountered when using the field minipermeameter, we elected to collect rock 
samples and re4urn them to the lab for permeability and porosity measurements. Data measurement 
is underway at this time. Most Samples were collected using a portable rock drill provided by New 
Mexico Bureau of Mines and Mineral Resources. This drill allowed us to obtain samples that are tiee 
of surficial weathering effects and to sample in places where rocks were too indurated to break off 
large pieces for transport back to the lab. 

Another outcrop of Queen sandstone was located north of the Rocky Arroyo area (Fig. 1). 
This area contains rocks that are firther up into the evaporitic section of the Queen, and therefore 
more analogous to those seen in the Sulimar field than any other area we have examined to date. It 
will be an area we focus on when field work continues next month. 

Subsurface Mapping 

All well data have now been entered into the Landmark Graphics database, and the process 
of interpreting these data has begun. Fig. 2 shows a base map of the Sulimar Queen field, with 
sections lines, the unit boundaries, and well spots indicated. Fig. 3 is a structural contour map, made 
on the top of the Shattuck sand or upper pay zone of the Queen. This top was picked at a flexion 
point on the gamma ray log where there is a strong deflection to the right (increasing API count). 
Structure shows a general dip fiom the NW to the SE part of the field, with a few local highs and 
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lows. Structure maps on top of the overlying Seven Rivers and Yates Formations are very similar, 
I indicating that current structural trends are probably post-Permian in nature. 

Fig. 4 shows a gross sand thickness map for the upper Queen pay zone. Sand thickness for 
this map was either picked f b m  logs or fiom previously published data where logs were not available. 
A bottom pick for the sand was dif€icult to make, as some of the gamma ray logs did not actually 
extend to the bottom of the hole; in these cases the pick was made fiom the neutron log. Our 
preliminary results on using a neural network to estimate porosity fiom the old neutron logs are 
encouraging and will be discussed in our next quarterly report. Logging tool resolution is not 
sufficient to distinguish small interbedded siltstones and shales within the coarser sand body, so no 
net pay sand map was generated. These maps daer somewhat fiom previously published maps,' 
particularly the sand thickness map (Fig. 2). This may be because the thicknesses shown on this map 
are derived primarily &om log data, whereas those in the preliminary study are fiom scout reports, 
logs and cuttings. None of these methods can provide truly accurate thickness measurements, 
particularly on such thin units as the Shattuck sandstone. Also, log picks may depend on whether one 
uses a flexion point or a cutoff value as the pick point. 

Geophysical Data 

The 2-D seismic lines and the preliminary crosswell tomography data have been entered into 
Landmark SeisWorks, a geophysical interpretation soha re  package. It will be necessary to obtain 
time-depth conversions before interpretation of this data can commence. 

HYDROLOGIC AND TRACER RESEARCH 

This report describes the preliminary simulation design study of the single well wettabiity 
tracer test (SWWTT) that is planned for the Sulimar Queen reservoir. The design may change when 
more information is obtained about the reservoir. The design is based on a single-layered radial 
model. Three cases of wetting conditions were used in the design: moderately water-wet 0, 
weakly water-wet 0 and weakly oil-wet (WOW). 

The design shown in this report is called the base case, which is our current best estimate of 
the unknown parameters for the reservoir and the tracers. The sensitivity studies are done by using 
this base case and changing one parameter at a time. The base case will be described here. 

The injection is in two parts: water slug and oil slug. The water slug is injected with the water 
material balance tracer, methanol (MeOH), and the reactant tracer, ethyl formate (EtFr). The injected 
tracer concentration is 0.5 VO! (5000 ppm) for the methanol and 1 v% (10,000 ppm) for the ethyl 
formate. After the injection of the water slug with the tracers, a water buffer is used to push the 
tracers further away fiom the well. The buffer also contains the material balance tracer (MeOH) at 
the same concentration. The oil slug is injected with the oil material balance tracer, octanol (OcOH), 
and the reactant tracer, propyl formate (PrFr). The injected tracer concentration is 0.5 v?! (5000 
ppm) for the octanol and 1.5 v?! (15,000 ppm) for the propyl formate. After the injection of the oil 
dug with the tracers, the oil buffer is used to push the tracers farther away from the well; the buffer 
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also w& the material balance tracer (OcOH) at the same concentration. The injection time and 
tracers slug sizes, for the base case, are shown in Table 1. 

Mer injection of the tracers and buffer fluid, the well is shut-in for 1 day, to allow the tracers 
The well is finally produced for 15.48 days (twice the in the oil slug additional reaction time. 

injection duration) at a rate of 46.5 STB/day. 

The reactant tracers are shown in Table 2, along with their partition coefficient (K-value) 
and hydrolysis constant &-value). The partition coef€icients were measured at The University of 
Texas at Austin. A series of standards of known concentration were prepared using the field brine 
for calibration of the gas chromatograph. A 5.0 an3 aliquot of the highest standard concentration 
(IO00 ppm) was placed in a vial with an equal volume of the crude oil sent fiom the site. Duplicate 
samples were prepared and shaken for five minutes. The samples were centrifuged at approximately 
loo0 g. for a period of 45 minutes. Two aliquots of the brine were removed fiom each sample and 
anatyzed using gas chromatography. Concentrations were calculated &om the calibration curve and 
the K-value calculated. Measurements were made at ambient temperature. The hydrolysis rate 
constant for the PrFr is obtained fiom Ref 2, p. 9. The product tracers are ethanol @OH) and 
normal propyl alcohol (NPA). 

The relative permeabiity curves and the capillary pressure curves for the three wetting 
conditions are shown in Figs.5 and 6, respectively. The parameters used with the wetting conditions 
are shown in Table 3. Other important design parameters are shown in Table 4. 

The water cut for the three wetting conditions is shown in Fig. 7. As can be seen from this 
figure, the watex cut responds h t e r  as the wetting conditions shift towards more oil-wet. The total 
tracer concentration for the water slug tracers is shown in Fig. 8. The distance between the peaks 
of the reactant and the product tracer is the measure of wettabfity. As can be seen from this figure, 
the distance increases when the wetting conditions shift to more oil-wet. The total tracer 
concatration for the oil slug tracers is shown in Fig. 9. As can be seen fiom this figure, the distance 
between the peaks of propyl formate and the normal propyl alcohol increases when the wetting 
conditions shift to more oil-wet. The shift for these tracers is greater than the shift for the ethanol 
and ethyl formate tracers. 

Parameters currently under investigation are: kinetics (reaction rate of the tracers), 
heterogeneity, dispersion, and relative permeabiity parameters (endpoints and residual saturations). 
We also anticipate that when the single well, pumpin, pumpout sodium thiocyanate (NaSCN) test 
is completed, we should have more accurate values of some of the parameters that are most sensitive 
to the SWWTT design. The base case will also be run with a three layered radial reservoir and other 
alternative reservoir descriptions. 

GEOPHYSICAL RESEARCH 

In crosswell seismic imaging, the objective is to use the sound signal emanated from a 
source well and recorded within a receiver well to interpret the medium between the two wells. 
Our pn.mary objective with the Sulimar Queen crosswell survey data set (described in our last 

3 



quarterly report) is to obtain two types of images or sets of information as a function of position 
within the medium: 1) velocity tomogram and 2) reflection image. 

A velocity tomogram yields localized idormation on the velocity at which sound 
propagates through the medium. Different types of rocks allow sound waves to propagate through 
them at diffkmnt speeds. Therefore a velocity tomogram can be an indicator of variations of rock 
type and possible porosity and permeability. A reflection image yields localized information on 
the impedance contrasts within the medium. Therefore a reflection image can indicate where the 
geological structure of the medium is changing. Tomography uses the traveltime of the direct 
anid, and reflection mapping uses the full waveform of the reflection arrivals. Tomography is 
the low wavenumber resolution of the medium, and reflection imaging is a higher wavenumber 
resolution of the medium. 

Field data Contain many different wavemodes, and full waveform crosswell data are very 
complicated. To obtain usefbl information from the data, a series of processes are required. 
The process is started by correlating the data with the source sweep and tube wave attenuation. 

Fiild Data 

The data recorded in the field test at the Sulimar site were generated by a linear source 
sweep from 350 Hz - 2000 Hz. Before analysis of the data is started, the data must be correlated 
with the source sweep by cross correlating the all of the traces with the linear source sweep from 
350 HZ - 2000 Hz. 

Tube Wave Attenuation 

The data contain strong tube wave noise. The tube wave is the wavetrain that propagates 
within the borehole, and then hits a perforation at the top or bottom of the well casing and 
propagates toward the receiver well. Tube waves are one of the main sources of noise within a 
crosswell survey. Before we can do any procesSing for tomography or reflection imaging, we 
need to attempt to remove as much of the tube wave noise as possible. We can take advantage 
of the fact that moveout in source and receiver gathers of the tube waves is close to linear, and 
that the waveform and frequency content of the tube waves is nearly constant. Within source and 
receiver gathers, we have pedormed a trace mix subtraction operation along the moveout of the 
tube wave. This is a convolutional operator in space over a moving window of traces. The size 
of the trace mix window is the size of the convolutional operator, and makes a large difference 
on the effect on the data. Several different window sizes were tried, and the optimal window size 
was chosen. After this trace mix procedure, we have reduced the tube wave noise which makes 
it easier to do additional processing. 
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Tomography 

The preliminary picls on this gather indicate some reasonable velocities and indication of 
variation in the velocity. However, we need either a more well defined first arrival, or another 
piece of information to calibrate the first arrival picks. Therefore we are working on some 
additional tools to help us with the first break picking. We are trying to enhance the direct arrival 
and find ways to make accurate traveltime picks by: 1) Hilbert transforming of the data to 
obtain some instantaneous phase and frequency information, and 2) modeling where we expect 
the first arrival to be by using the sonic logs to do some synthetic modeling of the expected 
wavefield. 

The Hilbert transfbrm is a relative of the fourier transform and searches for the amplitude 
envelope of the data. By doing this we hope to find the envelope of the first arrival so that we 
can pick it for tomography. Additionally, we are creating a synthetic wavefield by forward 
modeling using the sonic logs to create a 1-D velocity model of the medium. By doing this we 
hope to find evidence of where the first arrival is expected to be, and to veri0 some of the 
apparent changes in velocity that we see in the data. 

Reflection Imaging 

Reflection imaging is based on being able to separate the desired reflection energy from 
the rest of the complex crosswell wavefield. The difficulty of this depends on the signal-to-noise 
ratio of the data. This is a function of well spacing, source strength and bandwidth, reservoir 
pressure, and p and s wave velocities. As discussed earlier, we have already done some 
wavefield processing (cross correlation and tube wave attenuation). For reflection imaging, we 
have to do addi t id  wavefield pIooessing. Each individual data set has its own unique wavefield 
separation problems. 

We believe we can see one pwave reflection arrival coming from just below the survey. 
By some new developments in crosswell reflection imaging, we estimate this event to be at about 
1980 ft. which makes it possible that it marks the top of the Queen boundary. We can see this 
event in the Common Offset Domain and through a range of filters which indicates that it is a 
reflection event. 
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Nomenclature 

Capillary pressure endpoint parameter for phase j [psi darcyl/2] 

Relative permeability exponent of phase j 

Permeabiity [darcy] 

Relative permeability of phase j (dimensionless) 

Capillary pressure exponent of phase j 

Capillary pressure [psi] 

Saturation value at zero capillary pressure 

Phase saturation of phase j 

Residual saturation of phase j 

Porosity 

Table 1. Injection Time and Tracer Slug Size for Base Case. 

Injected Volume Rate Time TriUXXS 

@W (bbUW) (-1 

water slug with tracers 15 15.5 0.97 Me0HandEt.Fr 

Water buffer 40 15.5 2.58 MeOH 

oil slug with tracers 15 15.5 0.97 &OH and PrFr 

oil buffer 50 15.5 3.23 &OH 

Total: 120 15.5 7.74 
-.-..-- .............. - ........ - .......... --...-.- ................... - .............................___._...........--....-.......-..-................-..-.....--.................--........--......-............... 
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Table 2, The Reactant Tracers. 

sulimra QueenResmok Temperrthpre is 30' Celsius which equals 86' Fahrenheit, and salinity is 300,000 ppm. 

EtFr 

PrFr 

Name 

Mww 

www 

wow 

TraCer 

Ethyl Formate 

Propyl Formate 

swr sor k"Mr 

0.23 0.25 0.20 

0.20 0.20 0.35 

0.20 0.20 0.50 

K-value 

4.03 mVL 

10.25 mvL 

k-dm 

0.1351 day-' 

0.12 day-l 

ReservoirTemperature 

Porosity 

Permeability 

Depth 

Thickness of reservoir 

Reservoirpressure 

Initial water cut 

Table 3. Wetting Conditions. 

ko, e, eo 

1 .o 1.4 1.7 

1.0 

1.0 

S* cpcw cPco %w np.. 

15 -10 4 6 0.65 

1.4 2.2 15 -15 

1.4 2.5 15 -15 

Table 4. Reservoir Conditions. 

8 6 O  F 

17.9?? 

45 md 

2000ft 

1 1  ft 

71 1 psia 

0.94 

4 

4 

6 0.53 

6 0.47 

Aqueous Longitudinal dispe!rsivity 0.1 fi 

Aqueous Tnrnsverse dispersivity 0.003 f€ 

Oleic LongiaLdinal dispessivity 0.1 ft 

Oleic Transverse dispersivity 0.003 ft 

WatervisooSity@es.temp. 1.20 cp 

Oil viscosity @res. temp. 

Skin factor 2.6 

4.0 cp 
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Fig. 1. Generalized map of area for future field study. Letter A marks area north of Rocky 
Arroyo where we will concentration fixture efforts 
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Fig. 2. Base Map of Sulimar Queen Field 
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Fig. 3. Structural contour map of top of Queen sand 

Fig. 4. Gross thickness contour map of Queen sand 
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Fig. 5. Relative permeability curves of different wetting systems 
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Fig. 6. Capillary pressure curves of different wetting systems 

10 



0.8 

0.6 
U 

3 

0.2 

0.0 
0 1 2 3 4 5 6 7 8 

producfion Tim (days) 

Fig. 7. Water-cut histones for three wetting conditions 
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Fig. 8. Total tracer concentration (vol.) histories 
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Octanol and Pmpyl Formate Concentration (ppm) 
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Normal Propyl Alcohol Concentration (ppm) 


