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California. The views and opinions of authors expressed herein do not necessarily state or 
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This is the seventh edition of News from GREf.fP. This edition is an up
date and features the specific achievements of four contracts now in prog
ress. An additional paper of interest, not part of GREMP, is included in 
this issue. Copies of the News from GREMP are being sent to individuals 
who requested the publication by returning the coupon attached to previous 
issues. For your convenience the coupon is being repeated in this issue. 

PROJECT HIGHLIGHTS 

1. DEPOSITION OF CaC03 IN POROUS MATERIALS BY FLASHING GEOTHERMAL FLUID 

Principal Investigator: Donald Michels (Republic Geothermal, Inc.). 

Objectives: Correlate the chemistry of CaC03 scale deposition with 
the process of steam flashing from natural geothermal fluid. 

Progress: Work and report are complete. 

Fresh, overpressured geothermal liquid was introduced into cartridges of 
selected porous materials. Flashing occurred inside the cartridges as 
did deposition of CaCo3 • Efficiencies of deposition were determined by 
residual Ca contents of the spent liquids. The positions where fluid 
flashed in the porous compacts were deduced from temperatures, permea
bilities, and mass flow rates. These were compared with the positions 
of CaC03 deposits determined by sectioning the compacts, demonstrating 
that the scale deposition was not maintaining chemical equilibrium as 
the fluid chemistry changed with its flashing. 

Nonequilibrium dynamics were described through concepts of classic car
bonate equilibrium augmented with features that emphasize the concept of 
process. Included here'is a simplified approach to tracking pH of the 
liquid as flashing progresses. Also, graphical methods, e.g., Figure 1, 
were devised in which possible reaction paths can be represented and 
compared regarding their fit to observational data and their implica
tions about details of the chemical processes. 

, EARTH SCIENCES DIVISION 
LAWRENCE BERKELEY LABORATORY • UNIVERSITY OF CALIFORNIA, BERKELEY 
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);o'ig-ure 1: Pathway diagram and efficiencies for deposition of 
CaC03 in a field of Temperature and CO2 Pressure. Based on 
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fluid are 500 ppm HC03' PC02 = 1.13 kg/cm2 , 158°., Ca = 6.3 ppm. 

The heavy dashed line shows a nominal path for liquid flashing 
in porous substrates used for this study. The dotted line exten
sion shows cooling of the flashed liquid without further loss of 
CO2 (aq.). 

Both calcite and aragonite polymorphs of caco3 were found and some rea
sons for their occurrences were explored •. 

Results have application to wellbores damaged by flashing that occurs in 
the reservoir rocks. Strategies and limitations for rejuvenating dam
aged wells were proposed. Also present are implications about producing 
wells so as to avoid damage. 
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2. GEOTHERMAL DECLINE CURVE ANALYSIS 

Principal Investigator: Elliot J. Zais (Elliot Zais & Associates, 
Inc. ) 

Objectives: . Analyze geothermal production data to develop standard 
operating procedures for using decline methods. 

Progress: Several interesting results have come out of the decline 
curve project so far. 

Many geothermal wells and fields can be considered to be declining in 
production exponentially according to the Arps (1945) exponential 
equation, 

q= qie - at 

The Arps hyperbolic equation, 

q = qi(1 + bt/ai)-l/b 

is unsatisfactory for the data we have used for several reasons. One 
reason is that most of the data we used are so scattered that reasonable 
values for the hyperbolic exponent b cannot be derived. We tried linear 
programs which optimized data fits using initial production qi' b, and 
initial decline fraction ai as free parameters. We also tried using just 
qi and ai as free parameters with b fixed and also with b constrained to 
be between 0 and 1. All the fits gave R2 greater than 0.97 which is 
very high. Such high R2 for such rough data mean that the equation will 
fit most any data set and is therefore a poor model to use. 

The hyperbolic equation was never assumed to have any physical basis and 
we have not been able to find any. The exponential equation has a physi
cal basis according to Fetkovich (1973) and we encourage its use. See 
Figures 1 and 2 for graphs of raw data with a superimposed exponential 
line. 

We had little success with the various type curves we tried, again main
ly because of data scatter. We tried several different curves including 
dimensionless flow rate qD versus dimensionless time t D, cumulative flow 
rate QD versus t D, QD versus qD' and several plots suggested by Gentry 
and McCray (1979). 

We are still testing two influence function methods. The first des
cribed by Coats et al., (1964) uses an influence function F defined by: 

i 

L 
j= 1 

(q, - q, 1)F, '+1 1 J- 1-J 
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Figure 1: Mass at well POZO #15, Cerro Prieto, Baja California, 
Mexico. 
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Figure 3: Influence Function -- Wairakei Total Field -- 1955 to 1975 
(Fitness measure p .195863) 

with the constraints F > 0, dF/dt < 0, d 2F/dt2 > O. Here q is the flow 
rate, p is pressure, and Po is initial pressure. We are using a linear 
program to solve for the optimum F given real production and pressure 
data qi and Pi. See Figure 3 for the influence function of the whole 
Wairakei field from 1955 to 1975. The extrapolation of the influence 
function can be used to predict either pressure drop or flow rate given 
a schedule for the other property. 

Bodvarsson's (1977, 1978) linearized free surface model is still in the 
initial testing stage. In this model the pressure due to the movement of 
a free liquid surface is described by the equation pet) = G(t - T)q(T) dT 
where G is a Green's function dependent on rock and fluid properties and 
on wellbore geometry. 

References 
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3. DEVICE FOR MEASURING CONCENTRATION OF NONCONDENSABLE GASES 
IN GEOTHERMAL DISCHARGES 

principal Investigator: Roger Harrison (TerraTek) 

Objectives: Develop a simple and convenient instrument to measure 
noncondensable gases in geothermal discharges. The information on 
the noncondensable content is helpful in estimating the power poten
tial of a well and the reservoir. 

Progress: This project was a one-year program to develop an instru
ment having the capability to measure continuously the concentration 
of noncondensables in saturated steam/water geothermal discharges. 
During the course of the project, the engineering design of a gas 
phase instrmnent was completed, two devices were fabricated, labora
tory testing of one device was conducted, and field test of both 
units was performed at geothermal sites in the United States and in 
New Zealand. 

The operation of the instrument is based upon monitoring the noncondens
able gas and saturated steam partial pressures in a geothermal gas phase 
discharge. From these, the molar ratio of noncondensable gases to steam 
in the flow can be determined. 

The device used consists of pressure taps connected to a small capsule 
and to the walls of a pipe containing it. As a saturated steam/gas mix~ 
ture is circulated through the pipe, water, sealed into the capsule 
under vacuum, reaches the temperature of the mixture and exerts a pres
sure equal to the saturation pressure of water at the mixture tempera
ture. The statis pressure port in the pipe wall is exposed to the total 
pressUre of the steam/noncondensable gas mixture. 

In a two-phase flowing stream, the percentage of noncondensables in the 
stream can accurately be measured if, simultaneously with the determina
tion of gas pressures by this instrument, the steam quality of the flow 
is determined by a seParate device. 

The results of laboratory and field testing have demonstrated the opera
bility and versatility of the instrument developed. Prior to commercial-
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ization of the device, further design refinements will be needed to 
improve performance and accuracy and to provide capability to monitor 
the steam quality of a representative flowing stream. Necessary modifi
cations and recommended additional developmental testing are discussed 
within the report. 

4. SIMPLIFIED ANALYTICAL TECHNIQUES TO INTERPRET TWO-PHASE FLOW 

principal Investigator: Pete Taylor (Intercomp) 

Objectives: Develop two-phase flow analytical techniques to 
interpret temperature, pressure, and mass flow rate at the 
wellhead. 

Progress: The project has been completed and a final report 
has been delivered to LBL, to be published in the GREMP report 
series. 

In this work, history-match simulations of two-phase well tests from 
Cerro Prieto and Hawaiian geothermal fields were carried out. Analyti
cal techniques for evaluation well tests, as currently in use in the 
petroleum industry for single~phase systems, were examined to determine 
whether they could be adapted to two-phase geothermal tests. The re
sults were generally negative, as stated in the conclusions of the final 
report: 

"The simulation of geothermal well tests in two-phase geothermal reser-
-voirs has shown that conventional one-phase analytical solutions are not 

••• satisfactory ••• Unlike tests in hydrocarbon reservoirs, formation 
permeability and thickness do not ·trade-off· ••• for identical permea
bility-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. • •• apparent compressibility can change by two 
orders of magnitude during drawdown testing... FO,r transient well test
ing in two-phase geothermal reservoirs, the most reliable test results 
can be obtained from injection and fall-off testing by the injection of 
co ld wa ter into the re servoir • ", 

l!:FFECT OF STAGNATION TIME UPON WELLBORE PERMEABILITY 

Pr incipal Investigator: D. O. Enniss (TerraTek) 

This program was performed by TerraTek for Sandia National Lab
oratories and is summarized here for informational purposes only. 
It is not part of the Lawrence Berkeley Laboratory GREMP program. 
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Program Summary: Drill and mud solids deposited in a producing forma
tion of a geothermal well can irreversibly damage the formation by perm
eability reduction 1 • Field experiences in Imperial Valley have sugges
ted that the "aging" of drilling mud deposition in a producing formation 
can have deleterious effects upon well productivity2. The residence 
time of the "internal filter cake" (cake formed actually within the for
mation) after deposition and before backflow is termed the "stagnation 
time" and is investigated in this program. Permeability impairment was 
determined as a function of varying stagnation times, mud types and tem
peratures. This work was performed under Sandia contract #13-9407. 

Samples were prepared from core taken from East Mesa, Imperial Valley 
and saturated with brines representative of their in situ state. An 

initial (undamaged) permeability measurement was made on samples while 
at simulated in situ conditions including overburden pressure [34.5 MPa 
(5000 psi)], pore fluid pressure [14.9 MPa (2165 psi)] and temperature 
to 200°C. All permeability measurements were made in the direction of 
backflow. Samples were then subjected to simulated "hot" mud circula
tion and stagnation times. Stagnation times varied from 12 to 48 hours. 
Following this "damage" sequence, permeability was measured again in the 
backflow direction and compared with the original value. 

The following two drilling systems were evaluated: 

HTJ.1-1: A high temperature drilling fluid formulated,for Sandia Labora
tories by Mudtech, Inc., Houston, Texas. Constituents per standard 
barrel (42 gallons) are: 

5. Ibs bentonite 
15. Ibs sepiolite 
20. Ibs brown coal 

2.5 Ibs sodium polacrylate 
2. Ibs sodi urn hydroxide 

KCl Polymer: A drilling fluid formulated and used by Republic Geothermal 
in East Mesa, california. Constituents per standard barrel (42 gallons) 
are: 

10. Ibs KCl 
2. Ibs Del HyVis B 
0.5 Ibs sodium hydroxide 
0.125 Ibs sodium sulfite 
0.125 Ibs potassium phosphate dibasic (K2HP04 ) 

Temperatures were controlled at 100°C and 200°C (bentonite transforma
tion temperature is approximately 150°C). Post-test analysis included 
scanning electron microscope examination and X-ray diffraction studies. 

HTM-l Results: Results of the testing performed on the HTM-1 drilling 
fluid are contained in Figure 1. Permeability ratio (Ktinal/Kinitial) 
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PERMEABILITY RATIO VS. STAGNATION TIME 

HTM-I DRILLING MUDI EAST MESA CORE 

CJ"3=5000 PSI 

PI" =2000 PSI 

toP = 200 PSI 

6 12 18 24 30 

STAGNATION TIME, HOURS· 

36 42 48 

XBL 804-9295 

Figure 1: Permeability ratio versus stagnation time, HTM-1 
drilling mud/East Mesa Core. 

is shown as a function of stagnation time. Extended time exposures at 
both temperatures, 100°C and 200 o C, result in approximately 1.3%/hr 
linear decreases in permeability ratio. Significant permeability 
impairment occurs early in time· at the 100 0 C temperature. Higher
temperature (200°C) exposure results in less permeability impairment 
than the lower-temperature (100 0 C) exposure. Pending the results of 
further core analysis (SEM and X-ray diffraction) it is suspected that 
the increased impairment in this drilling fluid/formation interaction 
is a result of the bentonite content of the drilling fluid. Sample 
temperatures bracket the transformation t~peratur~ of the bentonite 
clays (approximately 150 - 175°C). In the 100 0 c situation the bentonite 
clays are being placed within the sample in their original form. At 
200°C the bentonite clays have undergone a structural transformation 
and are placed within the sample in an altered state. Clay/rock inter
action during the internal filter cake formation appears to be sensitive 
to the nature of the invading clays. 

KCl Polymer Results: Testing results for the KCl polymer drilling fluid 
system are contained in Figure 2. Permeability ratio '(Ktinal/Kinitial) 

is again plotted as a function of stagnation time. Lower temperature 
exposures (100 0 C) at short stagnation times cause a very dramatic permea
bility impairment evidenced by a permeability ratio approaching 0.0. 
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PERMEABILITY RATIO VS. STAGNATION TIME 

KCL POLYMER DRILLING MUD/EAST MESA CORE 
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Figure 2: Permeability ratio versus stagnation time, KCl polymer 
dr illing mud/Ea st l4e sa Core. 

With increasing time at the 100°C temperature, the permeability ratio 
demonstrates a considerable increase. At 200°C permeability ratio 
changes are much less and appear to be linearly decreasing at approxi
mately 1.8%/hour. 

Pending further core analysis (SEM, XRD) the mechaniSm for this" time
dependent phenomenon has not yet been determined. It is suspected the 
de gradational characteristics of the polymer playa key role since they 
are both time and temperature-dependent. Future program efforts are 
directed toward the investigation of this and other mechanisms contri
buting to formation damage. . 

References 

1. Abrams, A., 1977. 
Particle Invasion. 

Mud Design to Minimize Rock Impairment Due to 
Journal of Petroleum Technology, 586-592. 

2. Nicholson, R. W., 1978. Drilling Fluid Formation Damage in Geo
thermal Wells. GRC Transaction, 2. 
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FUTURE MEETINGS OF INTEREST TO RESERVOIR ENGINEERS 

Title Place Date Contact 

Computer Code Workshop Lawrence Berkeley June 17-18, W. J. Schwarz 
Laboratory 1980 (415) 486-4706 

Workshop for thermo- Marriott Inn, July 29-31, W. J. Schwarz 
mechanical modeling Berkeley 1980 (4150 486-4706 
for a hard rock 
repository 

Invitational Italian/ Lawrence Berkeley October 20-22, R. C. Schroeder 
American Meeting on Laboratory 1980 W. J. Schwarz 
Geothermal Resources (415) 486-4706 
and Reservoir. Engi-
neering (ENEL/DOE) 

Invitational field from October 23, W. J. Schwarz 
trip to The Geysers, Lawrence Berkeley 1980 (415) 486-4706 
California Laboratory 

Third Symposium on San Francisco March 24-26, W. J. Schwarz 
the Cerro Prieto 1980 (415 486-4706 
Geothermal Field 

Field trip to The from l-1arch 27, W. J. Schwarz 
Geysers, California San Francisco 1980 (415) 486-4706 

Note: If you are not receiving News from GREMP or if you know of someone 
who would be interested, please fill out and return the coupon on page 13. 

PUBLICATIONS AND DOCUMENTS 

The following publications may be obtained from the GREMP Program office 
at LBL. 

GREMP-1 (LBL-8664) 
Annotated Research Bibliography for Geothermal Reservoir Engineering. 
(R. Harrison and G. Randall, TerraTek, Inc.) 

GREMP-2 (LBL-8669) 
Summary of Reservoir Engineering Data, Wairakei Geothermal Field, 
New Zealand. (D. Riney, Systems, Science and Software) 

GREMP-3 (LBL-8784) 
Modeling Heat and Mass Transfer at the Mesa Geothermal Anomaly,. 
Imperial Valley, California. (D. R. Kassoy and K. P. Goyal, 
University of Colorado) 
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GREMP-4 (LBL-9088) 
Water/Rock Interactions in the Cerro Prieto Geothermal Field, Baja 
california, Mexico. (W. A. Elders, J. R. Hoagland, E. R. Olson, 
S. D. McDowell, and P. Collier, UC-Riverside), due later in 1980. 

GREMP-S (LBL-9089) 
Scale Inhibitor Tests at "East Mesa. (0. y~tter, Vetter Research) 

GREMP-6 (LBL-9090) 
An Appraisal of Measurement Methods for Geothermal Well System 
Parameters. (M. Lamers, Measurement "Analysis Corporation) 

GREMP-7 (LBL-9248) 
Evaluation of Potential Geothermal Wellhead Flow Sampling and 
calorimetry Methods. (W. C. Cliff, W. J. Apley, and J. M. Creer, 
Battelle Pacific ~orthwest Laboratory) 

GREMP-8 (LBL-10S62) 
Transient Well Testing in Two-phase Geothermal Reservoirs. 
(S. Robert Aydelotte, Intercomp) being revised. 

GREMP-9 (LBL-10673) 
Deposition of cac03 in Porous Materials by Flashing Geothermal 
Fluid. (D. E. Michaels, Republic Geothermal, Inc.) due April/May 
1980. 

Proceedings, 
Invitational Well Testing Symposium (LBL-7027) 

Proceedings, 
Second Invitational Well Testing Symposium (LBL-8883) 

News from GREMP, 
Vol. I, No. 1 (Aug. 1 i 1978), No. 2 (Nov. 3, 1978); 
Vol. II, No.1 (Feb. 1, 1979), No. 2 (May 1, 1979), No.3 (Aug. 31, 
1979), No. 4 (Nov/Dec., 1979). 

Subsidence Series (GSRMP-1, LBL-861S) 
Environmental Economic Effects of Subsidence. (C. K. Vaughan and 
R. C. Harding, EDAW/ESA) 

Subsidence Series (GSRMP-2, LBL-8669) 
Instruments for Subsurface Monitoring of Geothermal Subsidence. 
(J. E. O'Rourke and B. B. Ranson, Woodward-Clyde Consultants) 

Subsidence Series (GSRMP-3, LBL-8617) 
Guideline Manual for Surface Monitoring of Geothermal Areas. 
(C. J. Van Til, Woodward-Clyde Consultants) 

Subsidence Series (GSRMP-4, LBL-8618) 
Areas of Ground Subsidence due to Geofluid Withdrawal. (P. Grimmud, 
B. L. Turner, and P. A. Framer, Systems Control, Inc.) 

Subsidence Series (GSRMP-S, LBL-9093) 
State of the Art Review of Geothermal Reservoir Modeling. 
(G. F. Pinder, Princeton University for Golder Associates) 
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Subsidence Series (GSRMP-5, LBL-9093) 
State of the Art Review of Geothermal Reservoir Modeling. 
(G. F •. Pinder, Princeton University for Golder Associates) 

Subsidence Series (GSRMP-6, LBL-10794) 
Simulation of Geothermal Subsidence. (I. Miller, W. Dershowitz, 
K. Jones, L~ Meyer, K. Roman, F. ·M. Schauer, Golder Associates) 
due May 1980 

Subsidence Series (GSRMP-7, LBL-10838) 
Physical Processes of Compaction. Companion Report 1 to GSRMP-6, 
LBL-10794. 

Subsidence Series (GSRMP-8, LBL-10837) 
Detailed Report on Tested Models. 'Companion Report 2 to GSRMP-6, 
LBL-10794. 

Subsidence Series (GSRMP-9, LBL-10839) 
Case Study Data Base. Companion Report 3 to GSRMP-6, LBL-10794. 

News from Subsidence 
Vol. I, No.1 (Feb. 1, 1979), No.2 (June 1, 1979), No.3 (Dec. 1979) 

'For further information, contact: 
Werner J. Schwarz 
Lawrence Berkeley Laboratory 
Building 90, Room 1070 
University of california 
Berkeley, California 94720 

(415) 486-4706 FTS: 451-4706 
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