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ABSTRACT 

A study of well test analysis techniques in two-phase geothermal reservoirs has 

been conducted using a three-dimensional, two-phase, wellbore and reservoir simulation 

model. Well tests from Cerro Prieto and the Hawaiian Geothermal Project have been 

history matched. Using these well tests as a base, the influence of reservoir permeability, 

porosity, thickness, and heat capacity, along with flow rate and fracturing were studied. 

Single and two-phase transient well test equations were used to analyze these tests 

with poor results due to rapidly changing fluid properties and inability to calculate 

the flowing steam saturation in the reservoir. The injection of cold water into the 

reservoir does give good data from which formation properties can be calculated. 
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I. INTRODUCTION 

The Lawrence Berkeley Laboratory has contracted INTERCOMP Resource Devel ­

opment and Engineering, Inc. to simulate and verify the techniques and procedures of 

analyzing transient well tests in two- phase geothermal reservoirs . This report presents 

the resul ts of the st udy. 

The transient pressure response of wells has been extensively investigated in both 

ground - water hydrology and petroleum literature. Pressure transient analysis has been a 

very important tool for characterizing ' reservoir and well parameters in- situ. I ,2 

Recently, the experience gained over several decades has been applied to geothermal 

well testing. 3,4 The most successful applications of existing transient well testing 

theory have been to the testing of wells producing from essentially single - phase 

reservoirs.4,S,6,7 These well testing applications differ from conventional well tests in 

that generally wellhead data is utilized instead of downhole data due to high downhole 

temperature, and that the reservoir and fluid are not isothermal . 

The application of conventional pressure transient methods to two- phase geo­

thermal reservoirs has not been as successful, however.7,8 The influence of violent 

phase changes of boiling or condensation during pressure changes, and the associated 

thermal gradients created by temperature changes cause the methods developed for 

single phase flow to be, at least partially, inapplicable. This phase change occurs as the 

flowing reservoir pressure falls below the saturation pressure at reservoir temperature, 

and water flashes into steam., Associated with the pressure change of the now saturated 

water is a change in fluid temperature to the saturation temperature. This change in 

temperature creates a difference in the rock and fluid temperatures, causing heat to 

flow from the rock to the flowing fluid. 

Several investigators, notably Grant,9 Garg,IO and Moench, II have attempted to 

include the effects of boiling in analytical solutions for use in well test interpretation. 

Each has derived a diffusion type equation which allows for the apparent compressibility 

of the steam - water mixture, but changes in thermal gradients and saturation dependent 

effective permeabilities have not been rigorously included. 



To evaluate the use of existing transient well testing methods for two-phase 

reservoir testing, a numerical model capable of simulating two-phase reservoir perform­

ance was utilized to generate well test data under a variety of test situations. These 

data were analyzed to calculate reservoir permeability using one-and two-phase 

analytical techniques. Some of the reservoir parameters investigated in this study were 

reservoir porosity, permeability, thickness and heat content. Also the effects of flow 
rate, skin damage and initial reservoir state were studied. 
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II. MODEL DESCRIPTION 

INTERCOMP's Geothermal Reservoir Simulator was used to simulate the producing 

characteristics of a single well in a two-phase geothermal reservoir. A second program, 

INTERCOMP's VSTEAM weI/bore model, was coupled to the Geothermal Reservoir model 

to calculate the changes in producing pressure, temperature and enthalpy as steam-water 

mixtures flowed up the wellbore. These two models are the basic numerical tools used in 

this investigation. 

The Geothermal Reservoir Simulator consists of two equations expressing the 

conservation of mass of H
2

0 and conservation of energy. These equations account for 

three-dimensional, single or two-phase fluid flow, convective and conductive heat flow 

in the reservoir and conductive heat transfer between the reservoir and overlying and 

underlying strata. The phase configuration can vary spatially through the reservoir from 

single-phase undersaturated water to two-phase steam-water mixture to single-phase 

superheated steam. The model equations do not account for the presence of inert gases 

or for varying concentration and precipitation of dissolved salts. 

The Geothermal Reservoir Simulator applies to reservoir grids including one­

dimensional, two-dimensional r-z, x-z, or x-y, and three-dimensional r-z-Q cylindrical or 

x-y-z Cartesian coordinates. In radial and cylindrical coordinates, the wellbore of a well 

at r=O can be included in the grid. The grid can also include blocks of zero porosity 

representing hard rock, with no pressures calculated, and blocks of 100% porosity 

representing fractures or wellbores, 

The mass balance on H20 combines in a single equation the steam-phase and liquid 

water-phase mass balance equations·, The energy balance in the First Law of Thermo­

dynamics applies to each grid block, which is considered as an open system with fixed 

boundaries. At saturated conditions, all fluid properties are evaluated as single-valued 

functions of temperature from steam tables, with undersaturated water and superheated 

steam properties as functions of temperature and pressure. Reservoir thermal 

conductivities may vary with spatial position, but are treated as independent of pressure, 

temperature and saturation. Formation rock heat capacity may vary with position but is 

independent of temperature. Overburden thermal conductivity and heat capacity are 

constants. A more detailed description of the reservoir model may be found else­

where. 12 
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The two-phase flow of steam and water up the wellbore was simulated by the 

VSTEAM model also described elsewhere. 13 This wellbore model was linked to the 

reservoir model at the sandface, and calculated two-phase pressure drop, flow regime 

changes, phase changes, and heat transfer from the fluid in the wellbore and to the 

surrounding rock as steam and water traversed from the perforations to the wellhead. 

These calculations are based upon the empirical results of investigations of two-phase 

flow in vertical or inclined pipe at essentially isothermal and steady-state conditions. 

The pressure drop relationships have been coupled with thermodynamic equations 

governing heat transfer effects to allow the simulation of wellbore problems. This 

formulation is limited to steady-state wellbore flow calculations, however, and transient 

wellbore response is not simulated. 
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III. VERIFICATION OF SIMULATION MODELS 

The purpose of this section is to present numerical results which demonstrate that 

INTERCOMP's Geothermal Reservoir Simulator solves the conservation of mass and 

energy equations for two phase steam-water flow in the reservoir. Also, since wellhead 

conditions were desired for possible analytical evaluation, an approach to obtain 

wellhead flowing conditions in a two-phase wellbore has been verified. 

A. RESERVOIR MODEL 

This section presents three problems which demonstrate the use of INTERCOMP's 

Geothermal Reservoir Simulator under a variety of situations. For each problem, the 

results of the model are compared to published experimental or numerical results. 

I. Stanford Bench Model 

The first problem presents the use of the reservoir simulator to simulate a 

one dimensional laboratory bench model 14 during a two phase flow experiment in 

porous media. The data generated by the bench model consisted of pressure and 

temperature measurements in a synthetic core during depletion. As the core was 

initially filled with undersaturated water, the test progressed from one to two 

phase flow as the core fluid was produced through an outlet valve. A special core 

holder isolated the core from drastic heat losses and gains, and pressure and 

temperature sensors measured the fluid condition at various points in the core. 

Much of the necessary heat loss and two phase flow characteristics of the 

core and holder were not reported by the experimenters, and that data reported by 

Thomas and Pierson 15 were used. The equations for heat flux at the closed end and 

sides of the core were represented by equations normally used to simulate steady­

state heat sources or sinks in geologic time problems. These equations are: 

qside = 75 (AREA) (Tsource - Tcore)' BTU/DAY •••••••••••••••••••• (I) 

and 

qend = 2286 (AREA) (T source - T core)' BTU/DAY .................... (2) 



Relative permeabilities for water and steam were calculated from the 

analytical relationship presented in Reference 15 using the reported endpoints of 

5w = 0.30 and 5g = 0.05. The calculated relative permeability curves, input in c c 
tabular form, are presented in Figure I. Additional data for the synthetic core are 

given in Table I, along with the model grid as described in Reference 15. The 

reported model grid did not correctly represent the synthetic core as the point of 

fluid withdrawal was not at the end of the core, so a very small grid block was 

added to the outlet end of the model. Fluid withdrawals were made from the 

center of this block at a dimensionless length of 1.0. 

The outlet pressure curve given in Figure 2 was input to the model along with 

the initial pressure and temperature data given in Figures 3 and 4. The model was 

run for a total time of 300 seconds with this data. The pressure and temperature 

profiles calculated, shown in Figures 3 and 4, agree very weI/ with the bench model 

experimental data. The saturations calculated by INTERCOMP's model also agree 

well with the saturations calculated at 300 seconds by Thomas and Pierson, but the 

ag reement is not as cI ose at 180 seconds. The difference at 180 seconds may be 

due to the use of tabular relative permeability data, slightly different PVT data, or 

the use of a simultaneous solution for implicit saturation and pressure at all times 

y.tith the INTERCOMP model. 

2. Two-Phase Drawdown Problem 

The second problem simulated was a two-phase draw down test presented by 

Garg. IO The problem consists of producing a homogeneous, isotropic reservoir 

initially containing undersaturated water at a constant mass rate. As the reservoir 

is produced, flashing occurs near the wellbore once the pressure drops to the 

saturation pressure. During the development of this two phase region, calculated 

weI/bore pressures with INTERCOMP's model and Garg's model agree very well, as 

shown in Figure 6. The data used to generate this drawdown test is listed in Table 

2. 

In both models, the pressure calculated in the first grid block is corrected to 

give the pressure in the weI/bore. This correction is made assuming that steady 

state flow exists within the first grid block, and that the pressure drop from the 

grid block center to the weI/bore radius can be calculated from: 
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A P = Q/WI, ..................•. (3) 

where: 

4 P = pressure drop from block center to wellbore, 

Q = flow rate, 

WI = well index related to conditions in the first grid block. 

To establish the correct well index, a term KHL is calculated which includes 

the constant terms and geometric considerations for the well. This term is later 

multiplied by saturation and pressure dependent terms to obtain the well index 

variable. 

According to Garg, the flowing we II bore pressure is the pressure calculated 

at 0.56 4 r I' which is 1.84 feet in this problem. INTERCOMP's grid block logic 

calculates the first grid block pressure at 2.32 feet. The term KHL corrects for 

this difference, and is calculated as: 

KHL = 2 k z/ In(re/rw) + S .00633 
x 5.6146 

= 
(2X3.1416)( 10.133)( 100)(.00633) 

In(2.32/1.84) (5.6146) = 30.966 .................... (4) 

This value of KHL produced the match given in Figure 6. The slope of the 

straight line is about 410 psi/cycle, which is close to the slope of the curve 

generated by Garg. 

3. Two-Phase Reservoir Problem 

This reservoir problem involves the production of a vapor-dominated, 

two-phase, horizontal geothermal reservoir and a comparison of the calculated 

saturati ons. This problem was fi rst presented by T oronyi, 16 and was later 

described and duplicated by Thomas and Pierson. IS The reservoir consists of a 

single well located in a 6000 by 600 foot reservoir initially at an 80% steam 

saturati on. The well is produced at a constant rate for 78.3 days, which represents 

a cumulative production of 19 percent of the mass in place. The reported relative 

permeability values were adjusted slightly to account for a minor difference in 

water viscosity values input, and the porosity of the rock was modified so that 

exactly 19% of the reported mass in place was produced at 78.3 days. These and 

other data are listed in Table 3. 
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A comparison of the steam saturations at 78.3 days as calculated by Toronyi 

and INTERCOMP's model is presented in Figure 7. The agreement between the two 

models is good, but the values calculated by Thomas and Pierson agree much better 

with Toronyi's work. 

B. WELLBORE MODEL 

The purpose of this portion of Task I was to demonstrate the ability of the vertical 

two-phase wellbore model to represent the conditions and results of actual field tests. 

The data used for this demonstration was from the Broadlands area in New Zealand, and 

is presented in part in Reference 13. 

The data matched consists of two of a series of flowing temperature and pressure 

profiles measured in Broadlands No. 13 during 1969. A description of this well is given in 

Table 4. The tests were conducted by flowing a well at a given rate, and running 

pressure and temperature bombs into the wellbore during flow. Unfortunately, a rate 

history was not provided with the data and no reserovir characteristics can be calculated 

from these tests. The data was provided by the Ministry of Works, New Zealand by 

private communication, and consists of: 

a) a description of Broadlands II and 13 geothermal wells; 

b) total mass rote and total enthalpy for several flow tests; 

c) pressure gradients and wellhead pressures for several flow tests; 

d) temperature gradients for several flow and shut-in tests. 

Test number 9 in Broadlands 13 was chosen to be matched because flowing bottomhole 

temperatures were measured in that test. Test number II was also simulated because it 

corresponded to a different test in the same well, and offered the largest rate difference 

with test 9. 

To match these two tests, only a very short drawdown test was simulated. The 

purpose of this test was to draw the reservoir down to the correct bottomhole conditions 

as measured in the well bore, and to provide the wellbore with the proper fluid input. 

Reservoir permeability was adjusted to vary the reservoir drawdown at the specified 

rates. The reservoir and wellbore characteristics given in Tables 4 and 5 were used to 

match the test data given in Tables 6 and 7. 
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An excellent match of the two tests was achieved during the short drawdown tests, 

as in Figures 8 and 9. The wellhead conditions of well 13 during test 9 were calculated 

at 4260 F and 317 psig, with a total enthalpy of 532 BTU/lb. The pressure drop 

calculated by the model was 0.101 psi/ft, which matched the 0.101 psi/ft gradient 

actually measured. The wellhead conditions of test II were calculated as 446°F and 481 

psig, with a total enthalpy of 516 BTU/lb. The calculated and measured overall pressure 

gradients were 0.169 psi/ft and 0.168 psi/ft, respectively. 

The only error in the two simulation runs is that the calculated enthalpy does not 

match the measured wellhead enthalpy. This discrepancy is probably due to either using 

a different standard condition, or from errors in the reservoir description used in the 

match. One assumption, the reservoir temperature of 5350 F, agrees with the shut-in 

temperatures reported in Figure 9, but can greatly effect enthalpy and steam quality at 

the wellhead and may be the source of error. 

The computer runs made for all the above verification simulations are given in a 

separate binder entitled Appendix A. 



IV. GEOTHERMAL WELL TEST DATA 

As a resource base, data from well tests at Cerro Prieto, Mexico, the Hawaiian 

Geothermal Project, Wai rakei and Broadlands in New Zealand, and several geothermal 

fields in California, and Italy were collected. Many of the published well test data found 

in industry or in the literature consist of tests of single-phase flow or tests in which 

flashing occurs in the wellbore. At the time of this study, only one test from Cerro 

Prieto and several tests from the Hawaiian Geothermal Project (HGP) described two­

phase flow data in sufficient detail for use in this study. Other test data may be 

available, but little has been published to date. This study, therefore, uses only these 

two reservoirs as data bases. 

A. CERRO PRIETO DATA 

The actual well test data utilized was presented as a multi-rate test of a producing 

well by Rivera-R. and Ramey. 17 The test was patterned after a two-rate testing 

procedure described by Selim,18 and consisted of meas~ring bottomhole and wellhead 

pressures after a rate change in the flowing well. The well was produced at a stabilized 

rate prior to the test, and standard bourdon tube pressure gauges were used downhole. 

The Cerro Prieto geothermal field is located at the southern end of the Salton 

T rough, a geologic feature crossing the California-Mexico border and containing other 

geothermal fi elds such as Heber and East Mesa. The Cerro Prieto field is a liquid 

domi nated system consisting of al ternating sandstone and shale layers resting on a highly 

fractured granitic basement. Fluid is produced as a steam-water mixture with 

bottomhole temperature in excess of 3000 C and producing rates greater than 24,000 B/D. 

The nature of the Cerro Prieto reservoir has not been well defined in the 

Ii terature. The reservoir has been described as "a very complex, probably highly 

f t d t t '" b 't' t 19 d' th rac ure s ruc ure In one area y some Inves Iga ors, an In ano er area as an 

unfractured porous-permeable medium. 20 Resul ts from interference testing indicate 

that formation permeability thickness products (kh) on the order of 46,206 md-ft are 

present, 19 while transient, single well tests have yielded results of about 6,385 md-ft. 17 

Well tests conducted in the single phase East Mesa field suggest that the first estimate 

of reservoir kh is more correct for structures in the Salton Trough. 

The well test was conducted on well M-21 A. This well is completed with a slotted 
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Ii ner open to 508.6 feet of pay, and is produced through 7 5/8" casi ng. The actual date of 

the test was not reported, but is estimated as early 1977. At this time the reservoir 

contained 3160 C (60 I of) fluid with an enthalpy of 343 kcal/kg (618 BTU/lb). These 

flowing conditions are a decrease from the 3630 C (6850 F) and 513 kcal/kg (924 BTU/lb) 

initial flow conditions reported in September of 1974. Prior to the well test, the well is 

estimated to have been producing 179.5 tons/hr (396 th.lb/hr). The well rate was 

stabilized at 111.0 tons/hr (244.7 th.lb/hr) for two days immediately before the test. 

The test was initiated with the lowering of a standard bourdon - type pressure gauge 

and recording the stabilized bottomhole flowing pressure for 15 minutes. The well rate 

was then reduced to about 66.1 tons/hr. (145.7 th.lb/hr) for 24 minutes, and then returned 

to the stabilized rate for 21 minutes. Wellhead pressures and mass flow rates were 

continually measured during the test, which yielded the data presented in Figures 10 

through 13. A slight discrepancy appears in the data occuring at the times when the rate 

changes, bu t the data was used as presented. 

The reservoir description of the Cerro Prieto reservoir was obtained as a synthesis 

of data from several sources. The reservoir thickness was defined as the net interval 

open to production through the slotted Ii ner. Formation heat capacity and conductivity, 

and the heat conductivity and capacity of the overburden and underburden were taken 

from data on the East Mesa field. The initial reservoir description determined from 

transient testing l7 is a reservoir permeability of 12.6 md and a porosity of 20 percent. 

The reservoir temperature and pressure at the time of the test were estimated to be 

5440 F and 997 psia, and a steam saturation near the wellbore of 30 percent. A complete 

description of the reservoir and weI/bore is given in Table 8. 

The quality of the test data is fair, but additional data must be obtained during 

transient testing of two- phase wells. Obtaining wellhead steam quality or total fluid 

enthalpy by some means is very important. Also, rates should be accurately measured 

and corrected so that the rate and pressure data agree as to the time of significant 

events. These items may have been recorded, but they were not reported with the other 

data. Another more serious problem concerns the lack of adequate relative permeability 

data for steam- water flow. The data used for the Cerro Prieto well test is based on an 

analytical relationship for two- phase flow in clean sandstone, and is presented in Figure 

14. These curves are probably incorrect, and present a severe handicap as they influence 

calculated steam qtJality, reservoir pressure and reservoir temperature changes during 

flowing tests . 
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curves do not resemble conventional relative permeability curves and are probably not 

accurate. They do fit the observed behavior of one field in New Zealand, but they may 

not apply to the Kapoho reservoir. 

14 



V. SIMULATION OF GEOTHERMAL WELL TESTS 

The Cerro Prieto and HGP well tests were simulated using the geothermal 

reservoir and wellbore model described earlier. The history matches obtained are 

reasonable, but not unique. The parameters used to obtain the history match were 

reservoir permeability and steam saturation, with minor adjustments to reservoir 

temperature and pressure. Also, for the Cerro Prieto M- 21 A well test match, the length 

of the wellbore was altered to produce a more correct pressure drop to the surface. 

The Cerro Prieto M-21 A well test data was matched using the rates given in Figure 

24. A good match was obtained with a reservoir permeability of 75 md over the 508.6 

foot pay, a 20 percent porosity, and a skin factor of - 2.29. This corresponds to a 

formation permeability- thickness of 38,147 md- ft. The match is presented in Figures 25 

through 27. The uniqueness of the reservoir permeability is shown in Figure 28, which 

shows other trial matches at lower permeabilities. The pressure drop through the tubing 

is calculated as steady state flow, but this assumption is not too bad. The length of the 

flowing wellbore was shortened to 3608 feet for this match, and the correlation of 

Hagedorn and Brown with slippage was used. The history match was repeated with 

several other empirical correlations for two- phase flow using a 3990 foot flow length, 

producing the results given in Figure 29. The greatly different pressure drops calculated 

by the different correlati ons does little to increase the confidence of the wellhead 

history match, or the accuracy of the pressure drop calculations. 

The overall history match is reasonably good. This history match was used as the 

basis for many other simulated well tests. These tests were simulated to illustrate the 

influences of flow rate, permeability, porosity, thickness, skin damage, and formation 

temperature upon a tested well. These simulations of the history match and simulated 

well tests are included as Appendix B, and summaries of these well tests are presented in 

Appendix D. These well tests will be analyzed in the next section. 

The HGP- A well tests were simulated using the three layer model described 

earlier. To match the wellhead pressures of the multi - rate test, the permeability­

thickness of the reserovir was increased from 1000 md-ft to 5900 md- ft, with an average 

skin factor of about + 15. This reservoir description did not match the initial flow data 

very well in the multi - rate test, shown in Figures 30 and 31. The same description did 

not match either of the other two tests as well, again particularly the early flowing data, 
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as in Figures 32 and 33. These matches were particularly difficult because of the lack of 

bottomhole data. This made it impossible to separate wellbore effects from transient 

reservoir response. 

The HGP-A reservoir and wellbore description was used to investigate the effects 

of a fracture system in the reservoir. These simulations are included in Appendix C, 

with summaries in Appendix D. 
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VI. WELL TEST ANALYSIS 

The analysis of the transi ent wellhead and bottom,hole pressure data has been done 

using several different techniques. These techniques differ in assumptions made about 

fluid properties, description of fluid phases, and the handling of relative permeabilities. 

Using existing one-phase test analysis techniques the results from both wellhead and 

sandface pressure analysis are unreliable for geothermal wells producing both steam and 

water at the sandfqce. The analysis of test data from wells producing only a single phase 

isothermally is much more reliable. 

A. SINGLE PHASE APPROXIMATIONS 

The basic analysis simplification of single phase approximations is that the steam­

water mixture can be accurately represented as a single phase having average fluid 

properties, and test data can be accurately analyzed using a correctly specified "total" 

density and viscosity. Implicit to this approximation is the assumption that the 

saturations of steam and water are constant near the wellbore, and that no phase change 

occurs between the sandface and the measurement point. To use this type of analysis, it 

is necessary to measure the volumes or masses of the respective phases. 

A subset of this approximation is to assume that only one phase is flowing, and the 

response of the other phase is negligible. This situation exists often in single-phase 

reservoirs where condensation or vaporization occurs only in the well bore or in the 

reservoir to a very limited extent. The assumptions used in single phase analysis can be 

violated without creating large inaccuracies in many tests involving the evolution of a 

gaseous phase during liquid phase production as long as the liquid phase remains 

volumetrically greater than the evolved gas phase. This routinely occurs in the 

production testing of oil wells. Problems have been noted during the testing of volatile 

reservoirs, however, and defi nitely are present in two-phase geothermal wells. 

The most practical si ngle-phase testing procedure for testing two- phase geo­

thermal reservoirs is the injection and falloff test. This test involves injecting cool 

water into the reservoir for a period of time while measuring the increase in sandface 

pressure with conventional equipment. The reservoir near the wellbore should begin to 

approximate single- phase behavior, from which reservoir permeability can be calculated. 

Once the injection is stopped, the pressure and temperature recovery at the sandface can 

be measured to re -calculate reservoir permeabi lity and possibly indicate heat 
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conductivity and capacity of the rock near the well bore. The advantages of this 

procedure are that existing technology and techniques can be utilized, and the effects of 

two- phase flow can be greatly reduced. 

The basic equation for single- phase pressure test interpretations is the logarithmic 

approximation of the line source solution of the diffusivity equation resulting from the 

combination of Darcy's Law and the continuity equation. The use of the diffusivity 

equation assumes isothermal flow of fluids of small and constant compressibility, 

constant permeability, porosity and viscosity, and that pressure gradients are small. The 

final approximate solution also includes the assumptions of radial flow throughout entire 

formation thickness, a homogeneous and isotropic porous medium of uniform thickness, 

and negligible gravitational forces. I 

The basic equation described above in standard oil field units is: 

P _ P 162.6 qp.(3 [lOg 
wf - i - kh ( kt 2) - 3.23 + O.87J ................. (5) 

Vp.ctrw J 
where the terms are: 

P wf -
P. 

q 

(3 

k 

h 

t 

fJ 

I 

flowing wellbore pressure (at sandface), psi 

initial reservoir pressure, psi 

volumetric flow rate at standard conditions, STB/day 

average fluid viscosity at reservoir conditions, cp 

average fluid volume factor to convert from standard to reservoir 

volumetr ic condi ti on, RB/STB 

formation permeability, md 

formation thickness, ft 

ft owi ng time, hrs 

formation porosity, fraction 

total compressibility (includes rock and fluid compressibilities), psi - I 

wellbore radius, ft 

Wellbore skin factor, dimensionless . 
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The measurement of volumetric flow rates is not common practice in geothermal 

fields, so other forms of this equation present rates as mass flow rates and steam quality 

fractions, defi ned as the mass fractions of steam. The mass flow rate can then be 

multiplied by specific volumes, v, to yield the volumetric flow rates. This equation has 

been presented in geothermal units as: 17 

P wf = Pi - 527 .4 wv~~ ~~ [IO\~ Ct~> ) + 0.891 + 0.87S] ••••••••••••••••. (6) 

where the al tered un its are: 

p kg/cm 
2 

w ton/hr 

v cm
3
/gr sc 

h m 

c
t 

/ 2r l (kg cm 

r cm. 
w 

In this study, the standard oil field units were used except for flow rate units. 

Flow rates were used as mass flow rates, and specific volumes were defined at reservoir 

conditions to eliminate the volume factor. These changes produced the following 

equation: 

wvJ.L 
= Pi - 695.05 kh 1.847 + 0.87S] •••••••••.••.•.•• (7) 

The units of this equation are: 

P psi 

w Ib/hr 

v ft 3/lb (at reservoir conditions) 

J.L cp 

h ft 

t days 

fJ fraction 
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.-1 
pSI 

ft 

dimensionless. 

-- - ------

These units were chosen as consistent with the units used in INTERCOMP's 

Geothermal Reservoir Simulatior. The use of these equations generally involves plotting 

sandface pressure, P wf' against the logarithm of time. During radial flow conditions, 

this plot should produce q straight line with a slope defined as: 

m = 695.05 w~~ •••••••••••••••••••• (8) 

This equation can be solved for kh or k if the other parameters are known or can be 

estimated, but the permeability calculated is the effective permeability which includes 

relative permeability effects. The average specific volume and viscosity should be 

calculated as a mass average product based upon the reservoir flowing steam quality. 

A second parameter which could be derived from the well test is the well bore skin 

damage factor, S. This can be calculated by re-arranging the flow equation above, and 

substituting the measured slope for the multiplier outside the parenthesis. The skin 

factor can then be calculated based upon known formation properties and the pressure 

drop between the initial pressure and the ideal pressure at one hour. This ideal pressure 

is defined as the pressure located upon the straight line of slope m at a time of one hour, 

and may not correspond to the measured pressure at one hour. This equation for skin 

from the draw down test is: 

t Pi - PI hr .( k) J S = 1.151 m - log 2 + 3.227 •••••••••••••••••••• (9) 
~~C{w 

The last term, +3.227, may be changed to + 1.847 if the ideal pressure at one day is used. 

To evaluate the skin factor, k should be evaluated from the slope, m, and ~ and P. 
I 

should be known. The fluid viscosity should be an average value based upon saturations 

in the reservoir. The total compressibility, however, must account for the phase change 

of the fluids, and cannot simply be represented as the sum of steam, water and rock 
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compressibilities.9 One method of estimating the total compressibility of the system is 

to assume that phase change is the dominant effect, and estimate "apparent" compressi­

bility with the following relationship:24 

where: 

c j = i [(I -D) PfCf + D Sw P wCw] (7.749 x p-I.66) .••••.•••••••••••••. (lO) 

"apparent" compressibility cdused by phase change, psi-I 

formqtion porosity, fraction 

formation heat capacity, BTU/tt3 _ of 

water saturation, fraction 

water density, I b/tt3 

water heat capacity, BTU/lb _ of 

pressure, psia 

Using this equation, the "apparent" compressibility for a range of pressures, formation 

heat capacities, and porosities has been calculated and are given in Figure 34. ' 

The calculation of the wellbore skin factor 'involves many assumptions which are 

often violated, and the value of skin is influenced to some degree by all of the errors 

present in calculating average fluid properties, determining correct straight lines, and 

estimating true system compressibility. The calculation of skin becomes much more 

difficult when the phase changes near the wellbore become very large. 

In spite of all the previously mentioned problems encountered in attempting to 

analyze two- phase data by single phase techniques, possibly the most serious drawback is 

the assumption of isothermal flow . The change in temperature with pressure during two­

phase flow causes heat to flow between the fluid and the formation. The net gain or loss 

of heat tends to offset the change of phase of the flowing fluid, and influences the 

pressure measured at the wellbore. 

An additional complication of using single phase theory involves the choosing of 

average conditions. To correctly evaluate a test, the fluid and formation properties 

must be true averages in both time and space. Just as fluid properties can vary with 

pressure in time and space, formation properties such as thickness, permeability and 

porosity can be considered functions of temperature and/or pressure, or can vary 

spatially due to heterogeneous deposition or history. Usually, variations in formation 
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parameters are ignored, and the pressure dependent properties are calculated at an 

average pressure. In this study, the average pressure during a test is chosen at the 

temporal mid-point of the test. The average steam quality is also defined at that time. 

B. Two-Phase Approximations 

Two- phase equations describe the flow of a steam- water mixture in the reservoir 

as fluids of different mobilities. Each fluid is represented with a correct specific 

volume, viscosity, and relative permeability factor, but each of these terms must be 

evaluated as an average- in time and space. Therefore, a better representative of the 

flowing fluid is obtained, while some limitations remain. 

The basic equation proposed to handle two-phase flow can be constructed by the 

replacement of total kinematic viscosity, vp for average fluid properties in Equation 7. 

Total kinematic viscosity combines relative permeability terms along with densities and 

viscosities as: 

rs 
[

k Ps 
+ k-,-P_W]-I 

.~ 

}J.w 

. .............................. ( I I) 

This was used by Garg 10 to represent two-phase flow by defining total kinematic 

mobil i ty as: 

= 
[ 

k k rs P s + k \ww p w} ............................ ( 12) 

Utilizing these equations, the two flowing phases in the reservoir are more properly 

represented, but the application of these relationships to transient well test analysis is 

limited. The total kinematic mobility can be calculated from the straight line on a semi­

log plot of pressure against time. Formation permeability cannot be calculated from 

total kinematic mobility unless the relative permeabilities found in total kinematic 

viscosity are estimated. The total kinematic mobility is not constant 10, II during flow 

tests however, and only an average value can be calculated. The influence of heat 

transfer is assumed negligable by this analysis technique. 

Using a relationship presented by Grant and Sorrey 24, a relative permeability ratio 
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between water and steam can be estimated from production data during a well test. The 

equation presented is: 

k rw 
k rs 

(Hs - HT) 

(HT - Hw) ..•...•...••••...•••.•.. ( 130) 

Utilizing the definition of steam quality, X, this equation can be represented as: 

.••.•••••••••••.•.........••.. (13b) 

If relative permeabilities for steam and water are known, this relationship provides the 

additional data required to specify each phase relative permeability. The task remaining 

is to correctly estimate flowing steam quality in the reservoir from wellhead 

measurements. Changes in steam quality at the sand face due to skin effects further 

compl icate this problem. 

Changes from one to two-phase flow and vice-versa during testing require that 

two-phase mobilities and compressibilities be used in the test analysis'. As mentioned 

before, total kinematic mobility can change during a test, with the greatest changes 

occuring during the transition between one and two- phase flow. At this time, the change 

in apparent compressibility can be several orders of magnitude 9, which will also alter the 

pressure behavior of the well. 

C. Well bore Effects 

During flow testing, wellhead measurements of pressure and temperature are 

generally obtained in addition to bottomhole data. The wellhead data is used to 

calculate mass flow rate and surface steam quality. One assumption which can be made 

during test analysis is that wellbore heat losses arenegligable, and that bottomhole 

enthalpy equals wellhead enthalpy. Then, if bottomhole pressure is known, the sand face 

steam quality can be calculated. For many problems, the wellbore heat losses can be 

significant. To correct for heat loss effects, a simple calculation such as the one 

described by Satter25 can be used to estimate bottomhole conditions. 

The effects of wellbore storage in geothermal· wells has been shown to be quite 
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26 
different than the effects routinely noted in oil and gas wells. Because geothermal 

reservoi rs have greater fluid producing capacities than hydrocarbon reservoi rs, the early 

time transient behavior of geothermal wellbores do not follow the classical solutions 

outlined for oil and gas wells. Particularly, the early time unit slope due to wellbore 

storage is al tered, and may not be present. Also, the ear Iy time bottomhole response can 

be influenced by condensation or evaporation in the wellbore during the test . These 

phase changes can cause the sand face flow rate to change even after other wellbore 

storage effec ts have di ed out. 

The length of time that wellbore storage effects are significant is determined by 

the wellbore conditions at the time of the test, and the type of test. For one two-phase 

well, wellbore storage effects during drawdown tests lasted ten times longer than did 

wellbore storage effects during bui Idup tests.
27 

Also, erratic pressure changes at both 

the wellhead and sand face have been predicted.
26 

In order to use wellhead data to calculate reservoir parameters from transient well 

tests data, all wellbore storage effects and heat loss effects must be negligible. The 

test must be designed to produce a constant pressure drop through the well bore so that 

wellhead pressure changes mi rror sandface pressure changes. These conditions are not 

likely to occur during very short transient tests, particularly if a well is shut-in before or 

during the test. 

D. Multiple Rate Analyses 

Almost all transient well tests are conducted in such a manner as to involve more 

than a single producing rate. To analyse such tests, the principle of superposition is used 

to combine the pressure effects of multiple rates. The analysis of multi-rate tests is 

slightly more complicated than for single rate tests since a plotting function, such as the 

Horner time ratio, must be calculated. To analyse two-rate tests, the modified equation 
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To utilize this equation, measured sandface pressure, P f is plotted against the plotting w, 
functi on, defi ned as: 

PF _ I t+.1t 
- og .1t + log (A t) ................................................. ( I 5) 

From this plot on cartesian paper, a straight line should result which represents the 

reservoir permeability as follows: 

k = 695.05 ••••••••••••••••.•.••••..••••••..••...•...•••.•••.•••.•••••..... ( I 6) 

This analysis technique is less certain than single rate analyses because average fluid 

conditions must be defined for multiple rates, reservoir heat transfer effects are more 

complicated, and saturation dependent rel.ative permeabilities may change from one rate 

to another. 

E. Effects of Well Flow Rate 

Using the reservoir and wellbore description used in history matching the Cerro 

Prieto M-21 A well test, a series of two-rate flow tests were made to investigate the 

influence of producing rate upon the analysis of well test. Five tests were simulated 

with the following flow times and rates: 

Test 1-400,000 Ib/hr for 7 days, 100,000 Ib/hr for 7 days; 

Test 2-100,000 Ib/hr for 7 days, 350,000 Ib/hr for 7 days; 

Test 3-300,000 Ib/hr for 7 days, 200,000 Ib/hr for 7 days; 

Test 4-300,000 Ib/hr for 21 days, 200,000 Ib/hr for 7 days; 

Test 5-200,000 Ib/hr for 7 days, 300,000 Ib/hr for 7 days. 

Tabulations and graphs of these tests are presented in Appendix D. The single rate 

drawdown tests were fi rst analysed using the single-phase equations presented earlier for 

both sandface and wellhead data for permeability and skin. The tests were re-analysed 

for permeability using two-phase equations and the relative permeability data of Figures 

14 and 35. The results of these calculations are presented in Table 10, which includes 

the analysis of the second flow rates for permeability using two-rate, single phase 

equations. 



These results show that one-phase calculations based upon wellhead pressure and 

quality data are the least inaccurate technique for calculating reservoir permeability. 

Wellhead data almost always resulted in higher calculated permeabilities than sandface 

data, and two-phase equation results were consistantly greater than single-phase 

equation results. The single and two-rate sand face data results were more consistant 

than the wellhead data results, and were incorrect because of saturation dependent 

relative permeabilities. The accuracy of the single phase equations with wellhead data is 

probably more coincidental than rigorously justified because more assumptions and 

approximations were made than with other methods. These results are shown in Figure 

36. 

The multi-rate calculations produced better results than did single rate 

calculations for many of the tests. The use of multi-rate test schedules does not 

overcome many of the problems associated with these tests, and they are more difficult 

to conduct. However, multi-rate tests are quite useful for testing already producing 

wells, and can be used to confi rm the results of other tests. 

Skin factors calculated from single phase equations show a decrease with 

increasing rate, and are not very accurate. These skin factors were calculated using the 

"apparent" compressibility due to vaporization or condensation of steam-water mixtures. 

Three simulations were made on the Hawaiian Geothermal Project well to 

duplicate the results of the Cerro Prieto well tests. These tests were run at rates of 

86,000 Ib/hr., 75,000 Ib/hr., and 65,000 Ib/hr. The analysis of these tests produced the 

results given in Table 10. The same trends were noticed in these test results: higher 

permeabilities calculated at higher flow rates and the wellhead data calculated permea­

bi lities larger than the sandface data. The calculated permeabilities were very close to 

the actual overall permeability of 2.4 md. This may be due to multi-phase flow only 

occurring in the bottom layer of the reservoir model, with the top layer producing only 

steam and the middle layer producing only water. Even though both steam and water 

entered the wellbore, the test behaved more like a single phase test since relative 

permeability effects were negligible. 
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F. Injection Testing 

Well test 6 was simulated with the injection of water at IOOoF into the two-phase 

reservoi r descr ibed ear Ii er. The reservoi r gr id system was reduced to a 200 foot radi al 

system for this simulation to increase numerical accuracy. The test data was generated 

by 350,000 Ib/hr. of water into the reservoir for two hours, and then doubling the rate for 

another two hours. The results of this test procedure are calculated permeabilities of 

63.2 md. and 77.1 md. for each of the two tests, and a calculated skin factor of -1.55. 

At the end of the test, only water existed for a radius of 13 feet around the wellbore, 

and temperature and pressure increases were calculated out to over 30 feet. 

G. Effects of Wellbore Skin Damage 

Two additional well tests were simulated with increased wellbore stimulation to 

study the effects of the skin zone around the wellbore. Skin is represented analytically 

as an additional pressure drop occurring as fluid enters the wellbore and is idealized as 

having no thickness. Mathematically, in the reservoir model, skin is represented as a 

region of increased or decreased permeability surrounding the wellbore. Skin is altered 

in the model by increasing or decreasing the permeability of this region. 

During the history matching of the M-21 A well test data, it was observed that the 

results of the test were very sensitive to permeability changes near the wellbore where 

fluid velocities and pressure gradients are the greatest. Small changes in skin factors 

created large pressure changes at the wellhead and the sandface. 

As presented in Appendix D, increasing the skin factor from - 2.29 to - 2.31 and 

- 2.33 al tered the pressure response level of the well. The slope of the straight lines on 

the semi-log graphs were not greatly influenced, and permeabilities of 31.7 and 25.1 

were calculated for skin factors of -2.31 and -2.33 respectively. Skin factors calculated 

from these tests were -0.59 and - 1.14. 

H. Effects of Reservoir Temperature 

Since two-phase reservoir temperature and pressure are linked by the physical 

properties of steam and water, any changes in temperature must be accompanied by 

changes in pressure. The enthalpy of the reservoir fluid can be altered by changing the 

fluid saturations at a given temperature and pressure. For well test 9, the initial steam 

saturation in the reservoir was reduced to zero while the reservoir was maintained at a 
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saturated condition. The reservoir temperature was then decreased by lOoF to produce 

an undersaturated reservoir at the same pressure in well test 10. 

Both tests produced two- phase steam and water during the well test when produced 

at a high rate, but at a low rate the initially undersaturated reservoir produced only 

water. Steam qualities during both tests were lower than earlier simulations, reflecting 

the lower fluid enthalpies. Reservoir permeabilities calculated from these simulated 

well tests were 32.09 and 30.32 md. from single phase equations using sandface data. 

Values for skin factor were +0.04 and - 0.09. 

I. Effects of Reservoir Permeability 

Using reservoir permeabilities of 35 md., 50 md., 75 md., and 100 md., two-rate 

well tests were simulated at 300,000 Ib/hr. The simulated well test at 35 md. was unable 

to sustain the required rate for longer than two days, and less data was used to interpret 

the test. The sandface pressure response during three of these tests are given in Figure 

37. The analysis of these tests give the following results from single phase equations: 

Actual Calculated Calculate~ 
Test Permeability, md. Permeability, md. Actual Skin 

II 35.0 18.09 0.52 +2.67 
12 50.0 23.1 I 0.46 +0.62 
13 75.0 31.33 0.42 + 1.30 
14 100.0 41.23 0.41 + 1.27 

The calculated permeabilities do increase with true formation permeability, but 

the calculated results are more inaccurate with increasing permeability. Calculated skin 

factors are erratic and not very accurate. 

J. Effects of Formation Thickness 

According to analytical equations, changes in formation thickness should behave 

the same as changes in formation permeability, and the same pressure response should be 

calculated whenever the formation permeability- thickness product is the same. Several 

simulations with a formation permeability of 75 md. and thicknesses of 169.54 feet, 

339.08 feet, and 678.16 feet wer e made to investigate the influence of formation 

thickness on calculated permeability . 
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In Figures 38 and 39, a comparison of two simulations with the same formation 

permeability-thicknesses shows that identical slopes are not present. The model predicts 

that the influence of formation height is not the same as that of formation permeability. This 

indicates that the analytical equations used in both one and two-phase well test analysis 

are incorrect. 

K. Effects of Formation Porosity 

The predicted response of changing porosity is an upward or downward shift of the 

drawdown curve from the analytical equations, and no change in slope should be 

observed. Simulated well tests with 20, 10 and 5 percent formation porosities, as in 

Figure 40, do show change in slope along with the expected vertical movement. These 

simulations indicate that decreasing formation porosity has the same effect as 

decreasing formation permeability or thickness. 

L. Influence of Heat Transfer 

One assumption made during the derivation of the single and two-phase flow 

equations was negligible heat transfer between the fluid and rock. This assumption was 

tested by making a simulation in which the rock contained no heat. This simulation 

resulted in almost the same performance as when heat transfer is considered except that 

an upward shift in pressure resulted (See Figure 41). The calculated steam saturations 

around the wellbore, shown in Figure 42, were changed considerably, as was the produced 

steam quality. The assumption of no heat transfer between rock and flowing fluid is not 

the only source of error in the analysis of these tests, as for this one example, the 

formation permeability calculated was unchanged. 

M. Effect of Fractures 

The simulation of two-phase flow in fractured geothermal reservoirs is much more 

difficult than flow in unfractured reservoi rs. To represent a fractured reservoir, the 

HGP-A reservoir was redefi ned as a six layer system containing two horizontal fractures. 

The fractures were located between previously defined layers I and 2 and between 2 and 

3. Also, layer 2 was separated into two equal layers. 
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The fractures in these simulations were about one-eigth of an inch wide, and were 

assigned a permeabi lity of approximately 110 D. This gave the two fractures a 

conductivity of 1.2 D-ft. each. The matrix permeabilities were reduced to 0.46 md., 0.04 

md., and 0.55 md. for the three layers. The total reservoir permeability-thickness was 

2,749 md-ft., which is about one-half of the previous formation permeability-thickness. 

Several attempts were made to simulate these fractures in the HGP-A well, but 

oscillations in the predicted pressure response could not be eliminated without re­

defining the reservoir characteristics completely. A second set of simulations was 

attempted using an r-z-Q mode and representing a single vertical fracture through each 

of the three layers, but this produced no better results. One effect noted from these 

simulations was that calculated pressure drops decreased even though the formation 

permeability-thickness decreased. A second observation noted from these simulations 

was that lower quality steam was produced from the wellbore, while the flash front 

moved deeper into the unsaturated reservoir. These changes in overall flow character­

istics indicate that the presence of fractu.res may be detectable from well tests. 
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V. CONCLUSIONS 

The simulation of geothermal well tests in two-phase geothermal reservoirs has 

shown that conventional one-phase analytical solutions are not completely satisfactory 

techniques. Some allowances of two- phase flow conditions must be made in order to 

correctly characterize the reservoir. Two-phase methods of analysis require additional 

data concerning fluid relative permeabilities and phase saturations in the reservoir, and 

potentially can produce better results. 

Conventional flow equations and well test interpretation technique do not correctly 

represent the flow of steam and water in geothermal reservoirs. Unlike tests in 

hydrocarbon reservoirs, formation permeabi Ii ty and thickness do not "trade-off" and 

produce identical test results for identical permeability-thickness products. Also, 

formation porosity influences the slope of the pressure response instead of just altering 

the level of response, and the production rate does not have a linear influence on the 

pressure response. 

Two of the analytical problems with the flow of steam and water are the effects of 

heat transfer between flowing fluid and the rock, and the large apparent compressibility 

due to the phase behavior of the fluids. The influence of heat transfer was found to be 

small for one simulation. This simulated well test showed that heat transfer between 

fluid and' rock during a drawdown test acted like an additional skin zone around the 

wellbore and shifted the pressure response downwards. The flash front was better 

defi ned due to heat transfer, and higher steam saturations were present behind the flash 

front. 

Apparent compressibility can be predicted as a function of pressure and rock 

properties to allow for phase . changes during well testing, but the changes of compressi ­

bility with time during the test have not been considered. As shown in calculated data 

presented earlier, the apparent compressibility can change by two orders of magnitude 

during draw down testing. This change appears as a change in the logarithmic term of the 

analytical equations, and can influence the slope of the semi - log pressvre response . 

Changes in pressure also alter the vicosities and specific volumes of both steam and 

water, but the proper use of average properties can overcome this problem. 

31 
II 

I 



Another problem encountered in the analysis of test data is the estimation of 

flowing reservoir conditions from wellhead measurements. Since fluid enthalpy cannot 

yet be measured downhole and saturations estimation techniques are unproven, allowing 

for phase changes down the tubing and at the sandface make the calculation of fluid 

mobilities in the reservoir uncertain. This problem is reduced somewhat when steam and 

water are flowing in a segregated manner as in the HGP- A well tests. 

This study has also shown that an analysis based upon wellhead measurements may 

not be reliable, and may produce answers either higher or lower than the actual reservoir 

value. Single phase analyses of sand face data result in low values of permeability 

because relative permeability effects are ignored. Two- phase data must use the correct 

relative permeability data corrected for phase changes at the sandface for accurate 

formati on permeabi lity estimates. 

Further work should be conducted to investigate the influence of fractures on the 

pressure response of two-phase geothermal well tests. Also, it is necessary to further 

refine all the analytical solutions for use in two- phase wells as no techniques in use in 

industry are completely adequate. 

For transient well testing in two- phase geothermal reservoirs, the most reliable 

test results can be obtained from injection and falloff testing by the injection of cold 

water into the reservoir . These tests can utilize existing technology and hardware to 

produce valid test data after a one-phase region has been established near the wellbore. 

Injection testing into production wells may completely eliminate production testing in · 

many reservoirs. Also, injection testing can be used with multi - rate testing to measure 

relative permeabi lity effects during drawdowns, and possibly could be used to calculate 

reservoi r saturati ons. 
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Initial Pressure 

PermeabiJ i ty 

Porosity 

Initial Temperature 

Initial Water Saturation 

Rock Compressibility 

Formation Specific Heat 

Thermal Conductivity 

Length of Core 

Diameter of Core 

~x 

Initial Pressure 

Initial Temperature 

Permeability 

Porosity 

Initial Water Saturation 

Rock Compressibility 

Formation Specific Heat 

Thermal Conductivity 

Thickness 

R = w 
R = e 
Radial Grid Increments 

Mass Flow Rate = 

TABLE I 

DESCRIPTION OF SYNTHETIC CORE 

ST ANFORD BENCH MODEL 

267 psia 

98.5 md 

.36 

377.8 of to 36 1.4 of 

1.0 

3 10-6 .-1 
x pSI 

40 BTU/ft3 _ of 

29 BTU/oF -ft-day 

23.5 inches 

2 inches 

.0979166, .195833, .195833, ... , .0969166, 

.001 ft. 

TABLE 2 

DRAWDOWN TEST DATA 

FOR GARG'S TWO-PHASE PROBLEM 

1305.2 psia 

572 of 

10.133 md 

0.2 

1.0 

O 0 .-1 
• PSI 

39.53 BTU/ft3_oF 

72.72 BTU/ft-day-of 

100 ft 

1.84 ft 

24,128 ft. 

~rl = ~r2 = ... = ~rll = 3.281 ft, 

~r 1 = (~r ) (1.2) n+ n 
33,840 Ibm/hr 



TABLE 3 

RESERVOIR DATA 

FOR TORONYI'S TWO-PHASE PROBLEM 

Initial Temperature 

Initial Pressure 

Permeabi I i ty 

Porosity 

Initial Water Saturation 

Formation Compressibility 

F ormation Specific Heat 

Thermal Conductivity 

Length of Reservoir 

Width of Reservoir 

Thickness of Reservoir 

~x = 
~Y= 

,'y\ass Flow Rate 

Relative Permeability Data: 

Sw krw 

0.05 0.0 

0.10 0.000001 

0.15 0.000115 

0.20 0.000580 

494.9 of 

652.0 psia 

1000 md 

0.501 

0.20 

5 0 10-6 .-1 • x PSI 

38.62 BTU/ft3_oF 

23.98 BTU/ft-day-of 

6000 ft 

600 ft 

1000 ft 

1000 ft 

100 ft 

200,000 Ibm/hr 

~ 
1.0000 

0.8895 

0.7814 

0.6771 

TABLE 4 

DESCRIPTION OF WELLBORE, BROADLANDS 13 

I. 3-5/8 J55 36 Ib casi ng from surface to 1459' 

2. 7-5/8 J55 26.4 Ib casing from 1459' to 2602' 

3. 6-5/8 J65 24 Ib slotted liner from 2602' to 3534' 
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TIME 

14:45 

14:55 

15:02 

15: 10 

15: 17 

TIME 

15:30 

15:36 

15:41 

15:47 

15:53 

TABLE 6 

FLOW TEST 9 IN BROADLANDS 13 

6-26-69 l~ 230,000 Ib/hr and 575 BTU/lb 

WHP, psig DEPTH, ft. TEMP, °c 

310 3400 

310 3200 

310 3000 25 I 

310 2800 248 

310 2600 244 

TABLE 7 

FLOW TEST II IN BROADLANDS 13 

7-10-69 @ 136,000 Ib/hr and 605 BTU/lb 

WHP, psig DEPTH, ft. TEMP, °c 

465 3400 

465 3200 

465 3000 

465 2800 

465 2600 

48 

PRESSURE, psig 

654 

593 

565 

540 

512 

PRESSURE, psig 

1040 

963 

897 

842 

700 
// 



A. 

B. 

TABLE 8 

DESCRIPTION OF RESERVOIR AND WELL BORE 

CERRO PRIETO M-21 A 

RESERVOIR PROPERTIES 

Depth 

Permeability (From History Match) 

Porosity 

Thickness 

Rock Compressibility 

Rock Heat Capacity 

Rock Thermal Conductivity 

Over/Under burden Heat Capacity 

Over/Under burden Thermal Capacity 

Radial Extent 

WELLBORE PROPERTIES 

Length 

Radius (0'-3607') 

(3607'-3608') 

Roughness (0'-3607') 

(3607'-3608') 

Heat Transfer Coefficient 

Surface Temperature 

Bottomhole Temperature 

Steady State Heat Loss 

3739 ft. 

75 md. 

0.20 

508.62 ft. 

4 10-6 .-1 
x pSI 

39.53 BTU/FT3_oF 

35.0 BTU/FT-DAy-OF 

35.0 B TU/FT _ of 

31.0 BTU/FT_oF 

24,128 ft. 

3608 ft. 

6,969 in. 

5.921 in. 

0.0006 in. 

0.0018 in. 

1.25 BTU/FT2 -HR-of 

Linear Temperature Gradient to Surface 

Hagedorn-Brown Two Phose Correlation with Slippage 

C. INITIAL CONDITIONS 

Pressure 

Temperature 

Steam Saturation (0'-3000') 

(3000'-24128') 

41 

996.5 psia 

543.8 of 

0.30 

0.00 



TABLE 9 

DESCRIPTION OF RESERVOIR AND WELLBORE 

HGP-A 

A. RESERVOIR PROPERTIES 

Depth 
Permeability (From History Match)­

Layer I 

Layer 2 

Layer 3 

Porosity (All Layers) 

Thickness - Layer I 

Layer 2 

Layer 3 

Rock Compressibility (All Layers) 

Rock Heat Capacity (All Layers) 

Rock Thermal Conductivity (All Layers) 

Over/Under burden Heat Capacity 

Over /Underburden Thermal Capaci ty 

Radial Extent (All Layers) 

B. WELLBORE PROPERTIES 

Length 

Radius (0'-2000') 

(2000'-4000') 

Roughness (0'-2000'). 

(2000'-4000') 

Heat Transfer Coefficient 

Surface Temperature 

Bottomhole Temperature 

42 

4000 ft. 

7.S5 md 

0.71 md 

S.95 md 

0.03 

300 ft 

1900 ft 

235 ft 
-6 -I 5x 10 psi 

40 BTU/FT 3 -of 

35 BTU/FT-DAy-OF 

40 BTU/FT3 -of 

35 BTU/FT -DA Y -of 

25,000 ft 

4000 ft 

S.755 in. 

6.969 in. 

O.OOIS in. 

0.0054 in. 

1.25 BTU/FT2 -HR-of 

90°F 

567.1 of 



T ransi ent Heat Loss 

Geothermal Gradient: Depth, ft. 

0-500 

500-1108 

1108-1662 

1662-2216 

2216-2662 

2662-3108 

3108-3554 

Temperature, of 

106.23 

123.22 

130.22 

274.31 

433.20 

545.6 

545.6 

Hagedorn-Brown Two-Phase Correlation with Slippage 

C. INITIAL CONDITIONS 

Pressure - Layer 1624.2 psia 

Layer 2 1988.2 psia 

Layer 3 2331.4 psia 
Temperature - Layer I 565.3 of 

Layer 2 561.0 of 

Layer 3 619.2 of 
Steam Saturation - Layer I 1.0 

Layer 2 0.0 

Layer 3 0.0 



TABLE 10. THE INFLUENCE OF 

FLOW RATE ON THE RESULTS OF TEST ANALYSIS 

SINGLE RATE DRAWDOWNS OF SEVEN DAYS EACH - CERRO PRIETO 

Calculated Permeability, md I PH. Sandface 
Wellhead Sandface Calculated 

Test Rate! Ib/hr I PH. 2 PH. I PH. 2 PH. Skin 

I 400,000 88.40 242.62 32.60 116.21 +0.72 
2 100,000 94.77 176.56 30.44 128.54 + 1.88 
3 300,000 65.28 217.80 31.10 121.17 + 1.30 
5 200,000 70.96 263.92 31.92 128.78 + 1.60 

iv\ULTI-RATE DRAWDOWNS OF SEVEN DAYS PER RATE - CERRO PRIETO 

Test I st Rate! Ib/hr 

I 400,000 
2 100,000 
3 300,000 
4 300,000 '" 5 200,000 

;0- 21 DAY DRAWDOWN 

2nd Rate! Ib/hr 

100,000 
350,000 
200,000 
200,000 
300,000 

Calculated Permeability, md 
Single Phase Equations 

Wellhead Send face 

55.90 
28.42 
61.22 
63.33 
70.26 

67.66 
41.56 
43.23 
41.96 
35.71 

SI~IGLE RATE DRAWDOWN OF FOURTY~m,JE DAYS - HGP-A 

Test 

I 
2 
3 

Rate, Ib/hr 

86,000 
75,000 
65,000 

Calculated Permeability, end 
Single Phase Equations 

Wellhead Send face 

2.97 
2.53 
2.21 

2.58 
1.65 
1.51 
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INPUT RATES FOR CERRO PRI ETO WELL TEST 
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EFFECT OF ROCK HEAT TRANSFER ON PRESSURE BEHAVIOR 
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CERRO PRIETO WELL TEST I 

MULTI-RATE DRAWDOWN 

Time P wh Xwh Psi Xsf 
days pSla frac. ~ frac. 

W = 400,000 Ib/hr 

.0010 381.5 .1975 836. .0924 

.0260 314.1 .2435 749. .1479 

.1260 265.7 .2705 701. .1690 

.2260 225.7 .2877 679. .1771 

.3886 188.2 .2979 663. .1827 

.6949 183.4 .3064 644. .1871 
1.1949 169.7 .3117 630. .1896 
I. 6949 166.9 .3127 620. .1918 
2.1949 152.6 .3186 612. .1937 
2.6949 141.5 .3242 605. .1952 
3.1949 131. 9 .3291 600. .1966 
3.6949 123.9 .3330 595. .1979 
4.1949 116.9 .3364 591. .1990 
4.6949 111.2 .3391 587. .2000 
5.1949 106.3 .3414 584. .2009 
5.6949 102.0 .3433 581. .2016 
6.1949 98.5 .3451 578. .2023 
6.6949 75.5 .3591 576. .2030 
7.0000 73.0 .3523 574. .2033 

W = 100,00 Ib/hr 

7.025 469.1 .1188 828. .0393 
7.125 468.7 .1104 868. .0200 
7.225 475.3 .1093 883. .0175 
7.4152 482.3 .1087 895. .0161 
7.7956 489.8 .1082 908. .0152 
8.2956 500.0 .1088 915. .0175 
8.7956 509.5 .1102 918. .0212 
9.2956 518.5 .11 17 920. .0250 
9.7956 524.0 .1129 921. .0277 

10.2956 528.5 .1140 922. .0301 
10.7956 532.4 .1149 923. .0321 
11.2956 535.8 .1158 923. .0340 
11.7956 538.8 .1166 923. .0357 
12.2956 541.5 .1174 923. .0373 
12.7956 543.9 .1181 923. .0388 
13.2956 546.2 .1188 923. .0402 
13.7956 548.3 .1194 923. .0415 
14.0000 549.0 .1197 923. .0420 
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CERRO PRIETO WELL TEST 2 

MULTI-RATE DRAWDOWN 

Time P wh Xwh Psi Xsf days pSIQ frae. pSla frae. 

W:: 100,000Ib/hr 

.001 594.4 . 1284 960 . .0518 

.026 598.3 . 1083 948 . .0683 

.126 601.5 . 1226 940 . .0740 

.326 600.5 . 1302 935 • .0759 

.726 599.5 . 1344 931 • .07738 
1.226 598.4 . 1364 928 • .0782 
1.726 597.7 . 1375 927 . .0787 
2.226 597.1 .1383 925. .0790 
2.726 596.7 • 1388 924 . .0793 
3.226 596.3 . 1392 924 . .0795 
3.726 595.9 • 1395 923 . .0796 
4.226 595.6 • 1398 922 • .0797 
4.726 595.3 .14 922. .0798 
5.226 595.1 . 1402 921 . .0799 
5.726 594.9 .1404 921. .08 
6.226 594.7 . 1405 921 . .0801 
6.726 594.5 • 1407 920 • .0802 
7.000 594.4 .1408 920. .0802 

W :: 350,000 Ib/hr 

7.025 348.8 .2526 742. .1659 
7.125 315.9 . 2691 706 . .1815 
7.225 303.6 .2735 694. .1852 
7.425 291.1 • 2771 681 . .1877 
7.825 280.1 .2790 670. .1881 
8.325 272.1 • 2794 662 . .1874 
8.825 267.0 .2796 657. .1868 
9.325 253.2 .2827 654. .1863 
9.825 249.8 .2829 651. .1859 

10.325 246.8 .2833 648. .1856 
10.825 244.3 .2836 646 . .1854 
11.325 242.1 . 2840 644 . .1853 
11.825 240.1 . 2842 642 . .1852 
12.325 238.2 . 2845 640. .185 I 
12.825 236.5 .2849 639. .1851 
13.325 234.9 .2852 637. .1850 
13.825 233.4 .2855 636 . .1850 
14.000 232.8 . 2856 636. .185 I 



-~ , 
~ 

0 
0 
0 
0 
0 

" ~ 
z 
~ 
0 
0 
~ 
~ 
~ 
0 

w 
~ 
~ 
~ 

w 
~ 
~ 
z 
~ 

o 
r-----~r-------r_----~r_----_,r_----~~----_.------_,o 

o 
o 

~ 

~ 

~------~------~--------~------~------~------~~----~ 0 
~ ~ ~ 0 
~ ~ ~ 

~ISd'3~nSS3~d 3J~~aN~S ~NIMOl~ 



MULTI- RATE DRAWDOWN. W=350,OOO Ib/hr 



CERRO PRIETO WELL TEST 3 

MULTI-RATE DRAWDOWN 

Time P wh Xwh Psi Xsf days pSla frac. ~ frac. 

W " 300,000 Ib/hr 

.001 475.3 .1677 880. .0783 

.026 443.2 .1943 824. .1208 

.126 416.8 .2115 789. .1359 

.2274 405.9 .2179 776. .1415 

.4303 395.1 . 2231 763 • .1458 

.8361 384.1 .2277 751. .1491 
1.3361 376.1 .2303 742. .1509 
1.8361 370.7 .2320 735. .1521 
2.3361 366.6 .2334 731. .1531 
2.8361 363.2 .2346 727. .1540 
3.3361 360.4 .2356 724. .1548 
3.8361 357.9 .2365 721. .1556 
4.3361 355.7 .2373 719. .1562 
4.8361 353.7 .2380 716. .1567 
5.3361 351.6 .2387 714. .1573 
5.8361 350.0 .2393 713. .1577 
6.3361 348.5 .2398 711. .1581 
6.8361 347.2 .2403 710. .1585 
7.0 346.7 .2405 709. .1586 

IN " 200,000 Ib/hr 

7.025 457.7 .1803 791. .1095 
7.125 467.1 .1741 805. .1023 
7.325 472.3 .1728 811. .1011 
7.725 476.3 .1739 815. .1026 
8.225 478.5 .1751 817. .1043 
8.725 479.7 .1761 817. .1056 
9.225 480.4 .1769 818. .1066 

10.225 481.1 .1786 817. . i086 
11.225 481.3 .1801 817. .1104 
12.225 481.2 .1813 816. .1119 
13.225 481.0 .1823 815. .1131 
14.00 480.8 .1830 815. .1139 



SINGLE RATE ORAWOOWN. W = 300.000 Ib/hr 
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CERRO PRIETO WELL TEST 4 

EXTENDED MULTI-RATE TEST 

Time P wh Xwh P s.f Xsf 
days pSla pSla 

W = 300,000 Ib/hr 

(For First 7 Days is Identical to Test 3) 

7.3361 345.9 • 2408 708 . .1588 

8.3361 343.6 . 2415 706 . .1594 

9.3361 341.5 • 2422 703 • .1600 

10.3361 339.7 .2428 701. .1604 

11.3361 338.1 .2433 700. .1608 

12.3361 336.6 .2438 698. .1613 

13.3361 335.2 .2442 696. .1616 

14.3361 333.9 . 2446 695 . .1619 

15.3361 332.7 • 2450 694 . .1622 

16.3361 331.5 . 2453 693 • .1625 

17.3361 330.4 .2457 691. .1628 

18.3361 329.4 • 2460 690 . .1631 

19.3361 328.5 . 2462 689 . .1633 

20.3361 327.6 . 2465 688 • .1635 

21.0 327.0 • 2467 688 . .1637 

W = 200,000 Ib/hr 

21.025 441.7 .1846 771 . .1133 

21.125 451.6 . 1783 785. .1061 

21.325 457.0 .1762 792 . .1039 

21.725 461.7 . 1753 798 . .1029 

22.225 464.6 . 1758 801. .1037 

22.725 466.4 .1768 802. .1050 

23.225 467.7 .1777 803. .1062 

23.725 468.5 .1783 804. .1071 

24.225 469.2 .1788 804 . .1076 

24.725 469.7 • 1791 805 . .1081 

25.225 470.2 • 1793 805 . .1084 

25.725 470.6 . 1795 805 • .1086 

26.225 470.9 • 1797 806. .1089 

26.725 471.2 .1799 806 . .1091 

27 .225 471.4 . 1801 806 . .1094 

27.725 471.6 . 1804 806 . .1097 

28.0 471.7 . 1805 806. .1099 

03 
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MULTI-RATE DRAWDOWN, W=200,OOO Ib/hr 
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CERRO PRIETO WELL TEST 5 

MULTI-RATE TEST 

Time P wh Xwh Psi Xsf 
days pSla pSla 

W = 200,000 Ib/hr 

.001 544.4 . 1456 921 . .0646 

.026 537.2 .1535 890. .0947 

.126 524.0 . 1673 868 • .1051 

.2939 517.1 .1738 858. .1095 

.6296 510.6 .1777 849. .1122 
1.1296 505.5 .18 842. .1139 
1.6296 502.2 .1812 838. .1148 
2.1296 499.8 . 182 835 . .1154 
2.6296 497.9 • 1827 833 • .1159 
3.1296 496.3 • 1832 831 . .1163 
3.6296 495.0 .1837 830. .1166 
4.1296 493.9 • 1841 828 • .1170 
4.6296 492.9 .1845 827. .1173 
5.1296 492.0 .1849 826. .1176 
5.6296 491.9 .1852 825. .1178 
6.1296 490.4 .1854 824. .1180 
6.6296 489.7 .1857 823. .1182 
7.00 489.2 .1859 822. .1184 

W = 300,000 Ib/hr 

7.025 381.9 .2383 746. .1602 
7.125 368.9 .2449 730. .1664 
7.325 360.6 .2471 722. .1680 
7.725 354.7 .2478 715. .1681 
8.225 350.7 .2477 711. .1675 
8.725 348.2 .2475 709. .1669 
9.225 346.3 .2471 707. .1663 
9.725 344.7 .2469 705. .1659 

10.225 343.3 .2468 704. .1656 
10.725 342.1 .2467 703 . .1653 
11.225 341.0 . 2466 702. .1650 
11.725 340.0 .2466 70 I. .1649 
12.225 339.1 .2465 700. .1647 
12.725 338.2 .2465 699. .1646 
13.225 337.4 .2465 698. .1645 
13.725 336.7 .2465 697. .1644 
14.0 336.2 .2465 697. .1644 
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SINGLE RATE DRAWDOWN, W:;: 200,000 Ib/hr 
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MUL TI- RATE DRAWDOWN, W 300,OOOlb/hr 

730_ roo 
0 

720 
390 

« « 
(/) 710 (/) 

380 0... 0... 
- -w W 

IX: IX: 
::> ::J (/) 

(/) 
(/) 

(/) w 700 w IX: 6 - 370 IX: 0... 
0... 

ltJ 
W U 
IX: 0 « 

~ 
0 W LL 
ID 0 
..J z 690 -

360 ..J « 
(/) w 

S 
~ 6 

~ Z 

S Z 

S 0 680 -
350 0 ..J 

..J IL 
LL 

670 
340 

660' I I I I I 1330 
o .2 .4 .6 .8 1.0 1.2 1.4 1:6 1.8 2_0 

PLOTTI NG FUNCTION 

FIGURE 5-8 



;: 

CERRO PRIETO WELL TEST 6 

INJECTION OF COLD WATER INTO TWO PHASE RESERVOIR 

Time 

Wi = 350,000 Ib/hr at 100°F 

.001 
• 002 
• 003 
.004 
.005 
• 006 
• 007 
• 008 
• 009 
• 01 
• 0112 
• 0141 
• 0156 
• 0172 
• 0190 
• 0209 
• 0230 
• 0254 
• 0278 
• 0304 
• 0331 
• 0361 
• 0393 
• 0429 
• 0466 
• 0504 
• 0546 
• 0590 
.0640 
• 0690 
• 0743 
• 08 
• 0833 

Wi = 700,000 Ib/hr at 100°F 

.0898 
• 0919 
• 0954 
• 0993 
• 103 
• 108 
• 112 
• 117 
• 122 
.127 
• 132 
• 138 
• 145 
. 151 
. 158 
• 165 
. 167 

114 

1242 • 
1254 • 
1261. 
1271. 
1279 • 
1289 • 
1295 • 
1300 • 
1304 • 
1308 • 
1312 • 
1319 • 
1322 • 
1326 • 
1330 • 
1333 • 
1337 • 
1340 • 
1344 • 
1346 • 
1350 • 
1353 • 
1356 • 
1359 • 
1363 • 
1365 • 
1368 • 
1371. 
1374 • 
1376 • 
1379 • 
1382 • 
1383. 

1771 • 
1775 • 
1780 • 
1786 • 
1791 • 
1796 • 
1801 • 
1806 • 
1811. 
1815 • 
1820 • 
1824 • 
1829 • 
1833 • 
1838 . 
1842 • 
1843. 



SINGLE RATE INJECTION TEST, W = 350,000 Ib/hr 
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MULTI- RATE INJECTION TEST, W =700,000 Ib/hr 
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CERRO PRIETO WELL TEST 7 

MULTI-RATE TEST WITH SKIN = -2.31 

Time P wh 
X 

Psf 
Xsf days ~ wh ~ 

W = 400,000 I b/hr 

.001 452.5 .1776 919. .0736 

.026 412.9 .2144 856. .1254 

.126 378.1 .2361 815. .1447 

.226 361.8 . 2449 797 . .1519 

.3886 348.1 .25 II 782. .1570 

.6949 332.9 .2563 766. .1608 
1.1949 319.7 .2601 753. .1633 
1.6949 310.2 .2627 744. .165 I 
2.1949 303.1 .2648 737. .1666 
2.6949 297.3 .2668 731. .1679 
3.1949 292.3 .2686 726. .1691 
3.6949 288.1 .2702 722. .1702 
4.1949 284.4 . 2717 719 . .1711 
4.6949 281.2 . 2729 716 . .1719 
5.1949 278.2 .2740 713. .1727 
5.6949 275.5 .2750 710. .1733 
6.1949 273.0 • 2759 708 . .1739 
6.6949 270.7 .2768 706. .1745 
7.0 269.3 .2773 704. .1748 

W = 100,000 Ib/hr 

7.025 477 .2 .1164 846. .0351 
7.125 472.9 . 1091 881 . .0168 
7.225 478.8 . 1082 895 . .0144 
7.4152 485.6 . 1076 908 . .0131 
7.7956 492.8 . 1071 920 . .0122 
8.2956 503.3 .1077 928. .0144 
8.7956 513.2 . 1090 932 . .0178 
9.2956 522.5 . 1104 935 . .0215 
9.7956 528.7 .1114 936. .024 

10.2956 534.0 . 1123 938 . .0263 
10.7956 538.4 . 1131 939 . .0283 
11.2956 542.2 . 1139 939 . .0301 
11.7956 545.4 .1146 940. .0317 
12.2956 548.2 .1154 940. .0332 
12.7956 550.8 . 1161 941 . .0347 
13.2956 553.2 .1167 941. .0360 
13.7956 555.4 .1173 941. .0373 
14.0 556.2 .1176 941. .0378 



SINGLE RATE ORAWOOWN. W=400,OOO Ib/hr,SKIN=-2.31 
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CERRO PRIETO WELL TEST 8 

MULTI-RATE TEST WITH SKIN = -2.33 

Time P wh 
Xwh 

Psf 
Xsf days ~ ~ 

W = 400,000 Ib/hr 

.001 478.9 .1703 953. .0662 

.026 448.1 .2051 899. .1163 

.126 419.9 . 2245 860 . .1353 

. 226 405.4 .2323 844 . .1424 

.3886 392.8 .2383 829. .1475 

.6949 379.3 .2432 815. .1510 
1.1949 367.5 .2467 802. .1531 
1.6949 359.1 .2489 793. .1546 
2.1949 352.9 .2506 787. .1558 
2.6949 347.9 .2521 782. .1569 
3.1949 343.7 .2534 777. .1580 
3.6949 340.0 .2546 773. .1589 
4.1949 336.6 .2558 770. .1598 
4.6949 333.7 .2568 767. .1606 
5.1949 331.0 .2577 764. .1613 
5.6949 328.6 .2585 762. .1620 
6.1949 326.4 .2592 760. .1625 
6.6949 324.3 . 2599 758 . .1631 
7.0 323.1 .2603 756. .1634 

W = 100,000 Ib/hr 

7.025 480.3 .1155 855. .0334 
7.125 474.4 .1086 887. .0155 
7.225 480.2 .1077 900. .0132 
7.4152 486.8 .1071 912. .0119 
7.7956 494.0 .1067 925. .0110 
8.2956 504.8 .1072 933. .0131 
8.7956 514.8 .1085 937. .0164 
9.2956 524.3 .1099 940. .0201 
9.7956 530.7 .1109 942. .0227 

10.2956 536.7 .1118 944 . .0249 
10.7956 540.7 . 1125 945. .0269 
11.2956 544.7 .1133 946. .0286 
11.7956 548.3 .1139 947. .0303 
12.2956 551.2 .1146 947. .0318 
12.7956 553.9 .1153 947. .0332 
13.2956 556.3 .1160 948. .0345 
13.7956 558.6 .1166 948. .0358 
14.0 559.4 .1168 948. .0362 
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SINGLE RATE DRAWDOWN, W=400,OOO Ib/hr,SKIN=-2.33 
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CERRO PRIETO WELL TEST 9 

MUL TI-RA TE TEST OF ONE PHASE RESERVOIR 
A T THE BOILING POINT 

Time Pwh 
Xwh 

Pst 
Xst days ~ ~ 

W = 400,000 Ib/hr 

. 001 401.2 .1448 924 . .0181 . 026 388.2 .1493 880 . .0362 . 126 369.9 .1602 847 . .0469 . 2336 360.2 .1652 833 . .0513 . 4488 350.8 .1694 820 . .0549 . 8791 341.5 .1730 807 . .0580 1.3791 334.7 .1754 799. .0600 1.8791 329.6 .1771 793. .0614 2.3791 325.8 .1784 789. .0625 2.8791 322.8 .1794 785. .0633 3.3791 320.3 .1802 782. .0640 3.8791 318.0 .1808 780. .0646 4.3791 316.1 .1815 777. .0651 
4.8791 314.2 .1820 775. .0655 5.3791 312.4 .1826 773. .0659 5.8791 310.9 .1831 772. .0663 6.3791 309.5 .1835 770. .0668 
6.8791 308.2 .1839 769. .0671 7.0 307.8 .1841 768. .0672 

W = 100,000 Ib/hr 

7.025 469.2 .1050 911. .0038 7.125 476.3 .1042 930 . .0008 7.225 479.6 . 1040 937 . .0001 7.3472 482.7 . 1039 941. .0000 7.5750 486.6 .1039 946 . .0002 
7.9839 490.6 . 1039 950 . .0005 8.4839 494. I . 1038 953 . .0009 8.9839 496.2 • 1039 955. .0011 9.4839 497.8 .1039 957 . .0014 9.9839 499.1 . 1040 958. .0015 10.4839 500.1 .1040 958 . .0017 10.9839 501.0 . 1041 959 . .0019 11.4839 501.7 . 1042 960. .0020 11.9839 502.3 .1043 960 . .0022 12.4839 502.9 . 1044 960. .0023 12.9839 503.4 .1044 961. .0024 

13.4839 503.9 .1045 961. .0025 14.0 504.3 .1045 961. .0026 . 
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SINGLE RATE DRAWDOWN. W = 400,000 I bl hr 
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CERRO PRIETO WELL TEST 10 

MULTI-RATE TEST OF ONE PHASE RESERVOIR 
10°F BELOW THE BOILING POINT 

Time P wh Xwh P Xsf doys ~ pHo 

W = 400,000 Ib/hr 

.001 356.1 .1432 895. .0054 .026 345.8 .1403 874. .0105 .126 341.2 .1440 863. .0132 .326 338.1 .1463 856. .0148 
.726 335.4 .1478 851. .0161 

1.226 333.2 .1489 847. .0172 1.726 331.1 .1497 843. .0181 2.226 329.1 .1505 839. .0191 
2.726 327.2 .1511 836. .0198 3.226 385.5 .1517 833. .0205 3.726 323.8 .1523 830. .0213 4.226 322.1 .1529 827. .0220 4.726 320.6 .1534 824. .0226 5.226 319.2 .1538 822. .0232 5.726 318.0 .1542 819. .0237 
6.226 317.1 .1545 818. .0241 6.726 320.4 .1535 817. .0244 7.0 319.9 .1537 816. .0245 

W = 100,000 Ib/hr 

7.025 458.2 . 1036 919 • 0 7.125 462.6 . 1027 935 • 0 7.2805 465.1 . 1025 940 • 0 7.5914 467.3 . 1024 943 . 0 8.0914 469.0 . 1023 946 • 0 8.5914 469.9 . 1023 947 . 0 9.0914 470.4 . 1023 948 . 0 9.5914 470.8 . 1023 949 . 0 10.0914 471.0 . 1023 950 . 0 10.5914 471.2 . 1023 950 • 0 11.0914 471.4 . 1023 951 . 0 11.5914 471.5 .1023 951. 0 12.0914 471.6 .1023 951. 0 12.5914 471.6 . 1023 951 . 0 13.0914 471. 7 . 1024 951 . 0 13.5914 471.7 .1024 952. 0 14.0 471.8 . 1024 952 . 0 
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SINGLE PHASE DRAWDOWN,W=400,OOO Ib/hr 
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CERRO PRIETO INELL TEST II 

MUL TI-RATE TEST WITH PERMEABILITY = 35 md 

Time P wh 
Xwh 

P sf 
Xsf days psia psia 

IN = 300,000 Ib/hr 

. 001 2B4.2 .2254 649 . .1325 

.026 97.1 . 3468 451 • .2353 

. 126 330 . .2B50 

. 226 275 • .3086 

. 326 240 . .3232 

. 4627 209 . .3364 

.6652 IBO. .3495 

. 9658 152 . .3626 
1.4182 124. .3745 
1.9182 104. .3834 

Minimum Pressure Reached P sf = 100 psia 

W,lb/hr Xsf 

2.4182 296,590 .3842 
2.9182 293,540 .3892 
3.4182 290,960 .3821 
3.9182 288,730 .3814 
4.4182 286,800 .3809 
4.9182 285,050 .3805 
5.4182 283,510 .3802 
5.9182 282, I 00 .3799 
6.4182 280,800 .3797 
7.0 279,470 .3794 

IN = 100,000 Ib/hr P sf Xsf 

7.025 354.7 .1553 638. .0870 
7.125 400.9 .1290 718. .0549 
7.225 417.3 .1262 743. .0510 
7.3453 429.1 .125 I 760. .0494 
7.5607 438.2 .1245 773. .04B5 
7.9466 450.4 .1245 787. .0490 
B.4466 461.5 .1249 799. .0500 
8.9466 466.9 .1255 804. .0513 
9.4466 471.4 .1265 B07. .0532 
9.9466 475.3 .1279 808. .0558 

10.4466 47B.7 .1299 B07. .0592 
10.9466 481.9 . 1323 805 . .0633 

11.4466 484.3 . 1353 B03 . .0678 
11.9466 486.2 . 1381 800 . .0721 
12.4466 487.6 . 1407 798 . .0758 
12.9466 488.6 . 1429 796 . .0791 
13.4466 489.0 . 1449 794 . .OBI7 
14.0 489.2 . 1468 793 . .OB42 



CERRO PRIETO WELL TEST 12 

MULTI-RATE TEST WITH PERMEABILITY = 50 md 

Time P wh 
Xwh 

P sf 
Xsf doys psia psia 

W = 300,000 Ib/hr 

. 001 431.2 .1808 822 • .0924 

.026 360.3 .2309 723. .1565 

. 126 308.4 .2602 665 . .1819 

. 226 284.8 .2724 640 . .1917 

.3679 265.4 .2817 620 . .1985 

. 6195 245.7 • 2901 601 • .2043 
1.0603 226.1 .2974 582 . .2084 
1.5603 212.5 . 3020 570. .2108 
2.0603 201.2 .3060 560. .2130 
2.5603 192.8 .3094 55 I. .2148 
3.0603 186.2 .3123 545 . .2164 
3.5603 182.0 . 3142 539. .2178 
4.0603 176.7 .3165 534. .2191 
4.5603 172.5 .3184 529. .2203 
5.0603 169.0 .3201 525. .2213 
5.5603 166.2 .3212 521. .2222 
6.0603 164.0 .3221 518 . .2231 
6.5603 162.4 • 3228 SIS. .2238 
7.0 164.3 .3221 512. .2244 

W = 100,000 Ib/hr 

7.025 461.2 .1342 778. .0655 
7.125 471.5 .1204 825. .0426 
7.225 478.9 .1185 840. .0393 
7.4023 487.4 .1175 853. .0380 
7.7569 496.0 .1167 866 • .0369 
8.2569 505.5 . 1170 877. .0376 
8.7569 512.3 .1183 880. .0400 
9.2569 519.3 .1206 881. .0443 
9.7569 525.1 .1228 881. .0484 

10.2569 529.5 .1246 881. .0519 
10.7569 533.2 .1261 881. .0545 
11.2569 536.3 .1273 881. .0567 
11.7569 538.7 .1285 881. .0586 
12.2569 540.6 .1295 881. .0603 
12.7569 542.3 .1305 881. .0618 
13.2569 543.7 .1314 881. .0633 
13.7569 545.1 .1323 880. .0646 
14.0 545.7 .1327 880. .0653 

116 



'1ISd ' 3I:!nSS3I:!d 0'13Hll3M S>NIMOl.:l 

o 0 
o ~ q 
~~------~~------~------~------~------~-------;Q 

"0 e 
0 q 
It) 

:::: 
Il:: 
0 
> 
Il:: 
I.IJ 
(f) (J) 

~ I.IJ 
Il:: 0 
1.1.. tJ' 0 ::l 
~ .... (f) 
I.IJ 
~ 

Z 
~ 
0 
0 

~ d 
Il:: 
0 

L-------L-------~-------L------_±~----~------~og 
o 0 g ~ 

'1ISd'3I:!nSS3I:!d 3:J'1.:1QN'1S S>NIM01.:l 

117 



CERRO PRIETO WELL TEST 13 

MULTI-RATE TEST WITH PERMEABILITY = 75 md 

Time P wh 
Xwh 

P sf 
Xsf days psia psia 

W = 300,000 Ib/hr 

(First 7 Days Identical to Test 3) 

W = 100,000 Ib/hr 

7.025 520.2 .1271 861. .0569 
7.125 520.7 .1195 886. .0427 
7.2499 524.7 .1179 897. .0396 
7.4997 533.3 . 1186 90S . .0410 
7.9992 543.3 .1204 911. .0446 
8.4992 549.0 .1216 914. .0468 
8.9992 552.3 .1223 916. .0481 
9.4992 555.2 .1231 917. .0495 
9.9992 557.9 .1239 918. .0509 

10.4992 560.2 .1247 918. .0523 
10.9992 562.3 .1254 919. .0536 
11.4992 564.2 .1261 919. .0548 
11.9992 565.8 .1268 919. .0560 
12.4992 567.3 .1274 919. .0571 
12.9992 568.7 .1280 919. .0581 
13.4992 570.0 .1286 919. .0591 
14.0 571.2 .1291 919. .0600 
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CERRO PRIETO WELL TEST 14 

MULTI-RATE TEST WITH PERMEABILITY = 100 md 

Time P wh 
Xwh 

Psf 
Xsf days psia psia 

W = 300,000 Ib/hr 

.001 496.4 .1609 909. .0708 

.026 478.2 .1777 870. .1032 

.126 460.9 • 1909 846 . .1141 

.2676 452.7 .1965 835. .1184 

.5508 445.1 .2003 825. .1214 
1.0508 438.4 .2028 817. .1232 
1.5508 434.1 .2041 812. .1241 
2.0508 431.0 .2050 808. .1248 
2.5508 428.7 .2057 805. .1254 
3.0508 426.7 .2063 803. .1259 
3.5508 425.0 .2069 801. .1264 
4.0508 423.6 .2074 799. .1268 
4.5508 422.3 . 2078 798 . .1272 
5.0508 421.1 .2081 797. .1275 
5.5508 420.1 .2085 795. .1278 
6.0508 419.1 .2087 794. .1281 
6.5508 418.3 .2090 793. .1283 
7.0 417.5 .2092 792. .1285 

W = 100,000 Ib/hr 

7.025 545.7 .1249 899. .0531 
7.125 547.7 .1204 916 . .0449 
7.2977 553.4 . 1205 923. .0451 
7.6431 560.1 .1210 929. .0462 
8.1431 563.5 .1213 933. .0466 
8.6431 566.4 .1217 935. .0474 
9.1431 569.1 .1223 936. .0486 
9.6431 571.4 .1230 937. .0497 

10.1431 573.3 .1236 937. .0508 
10.6431 575.0 .1242 938. .0518 
11.1431 576.5 .1247 938. .0527 
11.6431 577 .8 .1252 938. .0536 
12.1431 578.9 .1256 938. .0543 
12.6431 580.0 .1261 938. .0550 
13.1431 581.0 .1264 938 . .0557 
13.6431 581.8 . 1268 938. .0563 
14.0 582.4 .1270 938. .0567 

119 



"0 e 
0 
Q 
" ~ 
~ 
0 
> a: 
LLJ 
(I) 
LLJ 
a: 
1.1.. 
0 
I-
(I) 
LLJ 
I-
Z 

~ 
Q 

~ a: 
Q 

'cfISd '3ijnSS3~d O'cf3 H113M ~NIM01,:j 

10 
N 
IO~ ____ ~~ ______ ~ ______ ~ ______ ~ ______ ~ ______ ~~ 

9 

0 

<J 0 

'cfISd '3e!nSS3Cld 3:l'V'~ON'V'S ~NIM01,:j 

120 

(f) 

~ 
Q 

UJ 
~ 
i= 



CERRO PRIETO WELL TEST 15 

MULTI-RATE TEST WITH THICKNESS = 169.54' 

Time Pwh 
Xwh 

P sf 
Xsf days psia psia 

IN = 300,000 Ib/hr 

.001 213.4 .2720 573 • .1744 

. 026 281. .3144 

Minimum Pressure Reached Psf = 100 psia 

IN, Ib/hr Xsf 

.126 294,060 .4035 

.226 275,110 .4017 

.326 264,960 .4011 

.4798 256,570 .3996 

.7316 249,250 .3970 
1.1444 242,580 .3940 
1.6444 237,420 .3916 
2.1444 233,580 .3901 
2.6444 230,490 .3892 
3.1444 227,930 .3886 
3.6444 225,750 .3881 
4.1444 223,880 .2878 
4.6446 222,270 .3874 
5.1444 220,800 .3872 
5.6444 219,500 .3870 
6.1444 218,370 .3867 
6.6444 217,320 .3865 
7.0 216,600 .3864 

'.AI = 100,000 Ib/hr 
Psf Xsf 

7.025 304.2 .1698 574. .1011 
7.125 365.0 .1500 652. .0814 
7.225 382.9 .1510 671. .0842 
7.3403 395.8 .1509 685. .0853 
7.5551 408.4 .1512 698. .0864 
7.9480 420.2 .1526 711. .0886 
8.4480 427 .1 .1548 717. .0917 
8.9480 430.8 .1571 720. .0946 
9.4480 433.3 .1593 722. .0973 
9.9480 434.9 .1614 722. .1000 

10.4480 435.6 .1638 722. .1028 
10.9480 435.5 .1666 721. .1060 

11.4480 434.8 .1696 718. .1095 
11.9480 434.3 • 1725 717 . .1130 
12.4480 433.8 .1754 715. .1163 
12.9480 433.2 . 1781 713 • .1194 
13.4480 432.6 .1805 711. .1222 
14.0 431.9 . 1828 710 . .1249 



CERRO PRIETO WELL TEST 16 

MULTI-RATE DRAWDOWN WITH THICKNESS = 339.08' 

Time Pwh 
Xwh 

Psf 
Xsf days psia psia 

W = 300,000 Ib/hr 

.001 427 .2 .1892 813. .1027 

.026 308.5 .2675 864. .1934 

.126 209.0 .3188 565. .2321 

.226 172.9 .3397 519. .2488 

.326 137.7 .3583 489. .2595 

.4501 113.4 .3117 466. .2676 

.6287 440. .2747 

.8913 417. .2796 
1.2800 394. .2843 
1.7800 373. .2893 
2.2800 357. .2934 
2.7800 342. .2974 
3.2800 329. .3010 
3.7800 317. .3046 
4.2800 307. .3080 
4.7800 298. .3113 
5.2800 289. .3141 
5.7800 282. .3168 
6.2800 274. .3194 
6.7800 267. .3215 
7.0 265. .3223 

W = 100,000 Ib/hr 

7.0250 354.0 .1301 665. .0520 
7.1250 381.9 .1134 751. .0223 
7.2250 404.1 .1126 778. .0229 
7.3250 418.5 .1131 792. .0246 
7.4885 432.0 .1134 806. .0259 
7.7642 445.1 .1138 821. .0273 
8.2324 459.2 .1145 834. .0296 
8.7324 470.7 .1155 843. .0324 
9.2324 477 .8 .1163 848. .0345 
9.7324 483.9 .1173 851. .0369 

10.2324 489.3 .1185 853. .0394 
10.7324 494.1 .1197 854. .0421 
11.2324 499.0 .1213 854. .0454 
II .7324 503.8 .1234 853. .0494 
12.2324 508.6 .1257 852. .0537 
12.7324 512.4 .1283 850. .0578 
13.2324 515.6 .1306 849. .0616 
13.7324 518.3 .1326 847. .0649 
14.0 519.5 .1336 847. .0665 



CERRO PRIETO WELL TEST 17 

MULTI-RATE DRAWDOWN WITH THICKNESS = 678.16' 

Time P wh 
Xwh 

Psf 
Xsf days psia psia 

W = 300,000 Ib/hr 

. 001 496.4 .1583 912 . .0672 

.026 485.3 • 1693 883 . .0932 

. 126 472.8 . 1802 865 . .1017 

.326 465.6 . 1857 854 • .1057 

. 726 459.2 .1889 846 • .1080 
1.226 455.0 .1905 841. .1091 
1.726 452.5 .1914 838. .1098 
2.226 450.6 . 1920 836 . .1103 
2.726 449. I . 1925 834 • .1106 
3.226 447.8 .1930 832 . .1110 
3.726 446.7 . 1933 831. .1113 
4.226 445.8 .1937 830. .1116 
4.726 445.0 .1940 829 . .1 I 18 
5.226 444.2 . 1942 828. .1120 
5.726 443.5 .1944 827. .1122 
6.226 442.9 .1947 826. .1124 
6.726 442.3 .1948 825 • .1126 
7.0 442.0 • 1949 825. .1126 

W = 100,000 Ib/hr 

7.025 566.6 .1267 919. .0568 
7.125 566.4 .1230 930. .0501 
7.325 570.1 .1224 936. .0491 
7.725 572.6 .1220 940. .0485 
8.225 574.5 .1221 943. .0485 
8.725 576.3 .1224 944. .0490 
9.225 578.0 .1228 945. .0497 
9.725 579.5 .1232 945. .0504 

10.225 580.7 .1236 946. .0511 
10.725 581.8 .1240 946. .0517 
11.225 582.8 .1243 946. .0523 
11.725 583.7 .1247 947. .OS29 
12.225 584.5 .1250 947. .0534 
12.725 585.2 .1253 947. .0539 
13.225 585.8 .1256 947. .0543 
13.725 586.4 .1258 947. .0547 
14.0 586.7 .1260 947. .0549 
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CERRO PRIETO WELL TEST 18 

MULTI-RATE TEST WITH POROSITY = 0.10 

Time 
da>::s 

W = 300,000 Ib/hr 

. 001 

. 026 

.126 

.226 

.4259 

. 8256 
1.3256 
1.8256 
2.3256 
2.8256 
3.3256 
3.8256 
4.3256 
4.8256 
5.3256 
5.8256 
6.3256 
6.8256 
7.0 

473.7 
431.4 
398.4 
383.5 
369.2 
356.2 
347.9 
339.9 
334.2 
329.6 
325.6 
322.3 
319.5 
316.9 
314.7 
312.7 
310.7 
309.0 
308.4 

W = 200,000 Ib/hr 

7.025 
7.125 
7.304 
7.6619 
8.1619 
8.6619 
9.1619 
9.6619 

10.1619 
10.6619 
11.1619 
11.6619 
12.1619 
12.6619 
13.1619 
13.6619 
14.0 

443.7 
456.1 
463.9 
469.0 
471.8 
473.1 
473.9 
474.3 
474.5 
474.6 
474.6 
474.5 
474.4 
474.2 
474.0 
473.8 
473.7 

.1806 

.2292 
.2532 
• 2635 
.2714 
.2756 
.2776 
.2800 
.2819 
.2836 
.2851 
. 2863 
.2873 
.2882 
. 2890 
. 2897 
.2903 
.2909 
.2911 

.1962 

. 1876 
.1860 
.1887 
.1929 
.1957 
.1976 
.1991 
.2004 
. 2016 
.2026 
.2036 
.2045 
.2053 
.2060 
.2068 
.2072 

725 

868 . 
798 . 
758 . 
741. 
725. 
711 • 
702. 
694. 
688. 
683. 
679 . 
676. 
673. 
670 • 
668 • 
665. 
663. 
662. 
661. 

768 . 
765. 
795. 
799. 
800. 
800. 
800. 
800. 
800 . 
799. 
799. 
798. 
798. 
797. 
797. 
796. 
796. 

.0950 

.1618 

.1841 

.1928 

.1994 

.2018 

.2030 
.2046 
.2061 
.2076 
.2088 
.2099 
.2107 
.2115 
.2122 
.2127 
.2133 
.2137 
.2139 

.1281 

.1183 

.1168 

.1203 

.1255 

.1289 

.1312 
.1330 
.1345 
.1359 
.1372 
.1383 
.1393 
.1403 
.1411 
.1420 
.1425 
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CERRO PRIETO WELL TEST 19 

MUL TI-RA TE TEST WITH POROSITY = 0.05 

Time P wh P 
Xwh 

sf 
\f 

days psia psia 
IN = 300,000 Ib/hr 

.001 468.3 .2117 846 . .1331 .026 406.9 • 2916 759. .2325 .126 366.2 .3287 709 . .2676 .226 344.4 • 3451 684. .2830 .3844 327.2 .3553 666 . .2921 .6805 312.1 .3586 651. .2939 1.1805 299.1 .3598 638. .2936 1.6805 288.9 .3626 629 . .2949 2.1805 281.1 . 3662 621. .2975 2.6805 272.7 .3699 614 . .3002 3.1805 266.1 . 3731 608 • .3027 3.6805 260.7 . 3757 603 . .3048 4.1805 256.1 . 3779 598 . .3066 4.6805 251.9 . 3797 594. .3079 5.1805 248.3 .3811 591 . .3091 5.6805 245.2 . 3824 588. .3100 6.1805 242.3 .3837 585. .3109 6.6805 239.7 .3845 583. .3116 7.0 238.3 .3850 581. .3119 
W = 200,000 Ib/hr 

7.025 419.8 .2147 735. .1487 7.125 438.8 .2023 760. .1351 7.2509 448.8 .2013 771. .1343 7.5027 455.1 .2044 777. .1384 8.0027 459.7 .2135 779. .1495 8.5027 460.5 .2214 777. .1588 9.0027 461.0 .2270 775. .1653 9.5027 461.2 .2310 774. .1700 10.0027 461.1 .2344 773 . .1739 10.5027 460.9 . 2374 772. .1773 1/ .0027 460.6 .2401 771. .1804 11.5027 460.2 .2425 770. .1832 12.0027 459.7 .2448 769 . .1858 12.5027 459.1 . 2470 767. .1883 13.0027 458.6 .2489 766 . .1905 13.5027 458.0 . 2508 765. .1926 14.0 457.4 .2525 764. .1945 
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CERRO PRIETO WELL TEST 20 

MUL TI-RATE TEST WITHOUT ROCK HEAT LOSS 

Time P wh 
Xwh 

PSf 
Xsf days psia psia 

W = 300,000 Ib/hr 

.001 468.7 .1632 876. .0719 

.026 439.0 . 1671 834 . .0865 

.126 418.6 .1767 808. .0933 

.2486 408.4 .1811 795. .0964 

.4937 398.9 • 1846 783 . .0990 

.9840 389.5 .1880 772. .1015 
1.4840 383.3 .1903 764. .1032 
1.9840 379.1 .1918 759. .1045 
2.4840 375.8 .1930 755. .1054 
2.9840 373.1 .1940 752. .1062 
3.4840 370.8 . 1948 749 . .1069 
3.9840 368.8 .1955 747. .1075 
4.4840 367.0 .1961 744. .1080 
4.9840 365.4 .1966 742. .1084 
5.4840 364.0 .1971 741. .1088 
5.9840 362.7 .1976 739 . .1092 
6.4840 361.5 • 1980 738. .1096 
7.0 360.3 .1984 736. .1099 

W = 100,000 Ib/hr 

7.025 539.9 .1335 870. .0676 
7.125 549.2 .1304 888. .0627 
7.2843 553.9 .1292 896 . .0609 
7.6028 558.3 . 1287 902. .0601 
8.1028 561.3 .1285 907. .0597 
8.6028 563.0 .1284 910. .0595 
9.1028 564.2 .1284 911. .0594 
9.6028 565.1 .1285 912 . .0593 

10.1028 565.8 . 1285 913. .0594 
10.6028 566.4 .1286 914. .0594 
11.1028 566.8 .1286 914. .0594 
11.6028 567.2 .1287 915. .0595 
12.1028 567.6 .1288 915. .0596 
12.6028 567.9 .1289 915 . .0596 
13.1028 568.2 . 1289 916. .0597 
13.6028 568.4 .1290 916. .0598 
14.0 568.6 .1290 916. .0598 

1 ?Q ....... 



HGP-A WELL TEST I 

SINGLE RATE DRAWDOWN TEST 

Time P wh 
Xwh 

Psf 
Xsf days psia psia 

W = 86,000 Ib/hr 

. 001 837.6 .0716 1392 . .0488 
• 0019 988.4 .1723 1309 • .2113 
. 0039 750.3 .4386 979 . .4856 
. 0164 709.9 .4346 936 • .4765 
. 1164 545.8 .5624 714 . .5943 
• 2164 460.1 .6102 603 • .6336 
• 3922 416.4 .6210 551 • .6381 

1.0732 366.7 .6307 492. .6391 
3.0732 312.7 .6428 427. .6435 
5.0732 286.7 .6500 392. .6472 
7.0732 270.2 .6539 367. .6492 
9.0732 257.6 .6570 348. .6510 

11.0732 250.8 • 6602 336 . .6537 
13.0732 245.9 .6614 324. .6545 
15.0732 236.5 .6641 313. .6556 
17.0732 227.1 .6672 303. .6569 
19.0732 217.4 .6702 294. .6581 
21.0732 208.6 .6727 287. .6592 
23.0732 200.7 .6750 280. .6602 
25.0732 193.3 .6771 274. .6610 
27 .0732 186.3 .6797 268. .6618 
29.0732 179.7 .6822 263. .6625 
31.0732 173.3 .6846 258. .6632 
33.0732 167.2 .6869 253. .6639 
35.0732 161.6 .6896 249. .6653 
37.0732 158.5 .6916 247. .6666 
39.0732 154.4 .6930 244. .6670 
41.0732 150.4 .6940 241. .6671 
41.6700 148.5 .6945 239. .6672 
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HGP-A WELL TEST 2 

SINGLE RATE DRAWDOWN TEST 

Time P wh 
Xwh 

Psf 
Xsf days psia psia 

W = 75,000 Ib/hr 

.001 1060.1 .1954 1369 . .2586 

. 0072 784.4 .5567 973 • .6270 

. 1072 755.6 .5157 955 . .5739 

.2072 705.7 • 5570 887 . .6090 

. 3819 671.2 .5731 844. .6186 
1.1196 628.3 .5838 794. .6196 
3.1196 564.5 .6006 719. .6260 
5.1196 497.9 .6033 643. .6204 
7.1196 463.5 .6060 602. .6188 
9.1196 447.0 .6079 583 . .6188 

11.1196 435.6 • 6095 569. .6192 
13.1196 426.3 .6117 558. .6201 
15.1196 420.1 .6127 55 I. .6201 
17.1196 413.7 .6138 543. .6203 
19.1196 408.2 .6149 537. .6206 
21.1196 403.4 .6158 531. .6208 
23.1196 399.1 .6166 526. .6210 
25.1196 395.2 .6173 522. .6212 
27.1196 391.7 .6179 517. .6213 
29.1196 388.5 .6185 513. .6215 
31.1196 385.4 .6191 510. .6217 
33.1196 382.6 .6197 506. ;6219 
35.1196 380.0 .6202 503. .6221 
37.1196 377 .5 .6208 500. .6223 
39.1196 375.2 .6212 497. .6225 
41.1196 373.0 .6216 495 • .6227 
41.6700 372.4 . 6217 494. .6227 

13? 
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HGP-A WELL TEST 3 

SINGLE RATE DRAWDOWN TEST 

Time P wh 
Xwh 

P sf 
Xsf days psia psia 

W = 65,000 Ib/hr 

.001 1090.3 .1556 1411. .2346 

.0022 970.1 .4058 1212. .4989 

.0522 807.0 .5457 993. .6264 

.1522 815.9 .5080 1015. .5809 

.2810 789.3 .5322 979. .5986 

.6164 760.9 .5480 944. .6058 
2. II 73 718.8 .5608 895. .6059 
4.1173 674.7 .5756 842. .6127 
6.1173 628.9 .5747 791. .6052 
8.1173 605.7 .5754 765. .6023 

10.1173 594.1 .5772 752. .6021 
12.1173 586.0 .5787 743. .6022 
14.1173 579.5 .5800 735. .6023 
16.1173 574.1 .5810 729. .6024 
18.1173 569.4 .5820 723. .6026 
20. II 73 565.8 .5827 719. .6026 
22.1173 562.3 .5834 715. .6027 
24.1173 559.2 .5840 711. .6027 
26.1173 556.4 .5845 708. .6028 
28.1173 553.8 .5850 705. .6029 
30.1173 551.4 .5854 702. .6029 
32.1173 549.2 .5858 699. .6030 
34.1173 547.1 .5862 697. .6030 
36.1173 545.2 .5865 695. .6031 
38.1173 543.3 .5868 693. .6031 
40.1173 541.6 .5871 690. .6032 
41.6700 540.3 .5873 689. .6032 
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HGP-A WELL TEST 4 

SINGLE RATE DRAWDOWN TEST - FRACTURED RESERVOIR 

Time P wh 
Xwh 

Psf 
Xsf days· psia psia 

W = 86,000 Ib/hr 

.0003 914.9 .3809 1176. .4381 

.0010 747.9 .2728 1022 . .3029 

. 0135 752.3 .2115 1043 . .2338 

. 0260 806.8 .2196 1099 . .2473 

. 0336 804.7 .2660 1085. .2983 

.0369 787.1 .2986 1058. .3325 

.0653 677 .3 .3905 912. .4217 

.1653 590.0 .4052 811. .4255 

.2678 565.1 .3964 786. .4109 

.5223 570.3 .3652 801. .3734 

.8645 587.7 .3367 830. .3407 
1.7645 587.4 .3055 840. .3018 
3.5124 584.7 .2965 840 • .2878 
5.5124 559.9 . 2955 812. .2821 
7.5124 534.4 .2960 785. .2794 
9.5124 522.3 .3037 769. .2863 

11.5124 516.6 .3145 759. .2972 
13.5124 517.5 .3238 757. .3072 
15.5124 512.2 .3291 749. .3122 
17.5124 504.8 .3306 741. .3127 
19.5124 493.8 .3294 729. .3099 
21.5124 477.7 .3256 712. .3256 
23.5124 458.1 .3190 691. .2944 
25.5124 448.5 .3128 682. .2865 
27.5124 439.6 .3079 674. .2802 
29.5124 440.8 .3051 676 . .2771 
31.5124 441.2 . 3036 677. .2752 
33.5124 442.6 .3019 679. .2734 
35.5124 452.0 .3044 689. .2768 
37.5124 457.6 .3068 695. .2797 
39.5124 463.1 .3087 70 I. .2823 
41.6700 470.0 .3110 708. .2853 
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HGP-A WELL TEST 5 

SINGLE RATE DRAWDOWN TEST - FRACTURED RESERVOIR 

Time P wh 
Xwh 

PSf 
Xsf days psia psia 

W = 100,000 Ib/hr 

.001 712.4 .2602 995. .2746 

.0135 743.6 .2102 1042. .2203 

.0186 762.3 .2259 1058. .2393 

. 0206 764.4 .2416 1056 . .2510 
• 0222 764.0 .2582 1052 . .2754 
.0232 762.5 • 2710 1047 • .2896 
• 0243 758.8 .2878 1039 . .3079 
• 0253 753.3 .3048 1029 • .3261 
• 0264 744.1 .3245 1013 • .3472 
.0274 732.0 .3444 995. .3682 
.0287 713.8 .3680 969. .3680 
. 0412 571.8 .4641 783 • .4641 
.0662 453.9 .4949 639. .5053 
.1662 373.5 .4949 546. .4937 
.2662 345.8 .4836 517. .4767 
• 4780 367.3 .4476 553 • .4379 
.7197 381.7 .4192 579. .4067 

1.3362 404.6 .3852 617. .3695 
2.2564 409.5 .3721 627. .3535 
3.9056 388.0 .3745 602. .3515 
5.9056 361.2 .3795 569. .3533 
7.9056 338.0 .3908 538. .3631 
9.9056 308.6 .4072 497. .3771 

11.9056 279.3 .4195 458. .3874 
13.9056 259.3 .4263 432. .3917 
15.9056 246.0 .4285 416. .3920 
17.9056 233.3 .4279 400. .3891 
19.9056 209.6 .4282 368. .3852 
21.9056 193.8 .4254 347. .3793 
23.9056 193.1 .4221 347. .3757 
25.9056 198.4 .4207 356. .3750 
27.9056 210.9 .4184 374. .3747 
29.9056 225.3 .4167 393. .3755 
31.9056 232.5 .4175 402. .3777 
33.9056 231.0 .4207 399. .3807 
35.9056 224.1 .4252 389. .3843 
37.9056 214.1 .4303 374. .3883 
39.9056 205.8 .4344 361. .3915 
41.6700 198.8 .4378 349. .3943 
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the University of California. the Lawrence Berkeley 
Laboratory or the Department of Energy. 

Reference to a company or product name does 
not imply approval or recommendation of the 
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