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D. W. Shannon, R. A. Walter, D. L. Lessor
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- Richland, Washington 99352

It is generally recognized that corrosion and scaling problems could
seriously affect the operation and electric power production from a geo-
thermal power plant. The Electric Power Research Institute (EPRI) has
sponsored a study at Battelle-Northwest (BNW) to develop a brine chemis-
try data base and analytical tools to analyze how corrosion and scaling
affect the degradation‘of the power output of a geothermal plant.

The GEOSCALE computer model is a steady-state thermal hydraulics code
that describes the process parameters of the power plant. At present
the multistage flash and .binary cycle plants are being analyzed. In-
itially the.code computes the power output from a given geothermal

brine flow and provides flow rates, temperature, velocities at points
from the bottom of the production wells through the plant to the waste
injection system. Based on the starting brine chemistry and these pro-
cess parameters, ‘corrosion and scaling rates will be ‘estimated at points
throughout the system. The amount of scale formation in a time inter-
val will be calculated and the impact on brine flows and heat transfer
calculated, resulting in a new set of plant process parameters for the
next iteratjon. The iterations continue until someé portion of the plant
is degraded to a process limit or a plant 1life of 20 to 30 years is
reached.

Obviously the most difficult part of this analysis 1is- the lack of valid
analytical expressions and supporting rate data to calculate scaling.
The general approach to the scaling rate equations is that the rate of
buildup is proportional to the degree of insolubility of a mineral minus
the rate of mechanical removal. We are very interested in all current
scaling work that could help in providing .scaling kinetics data related
to process parameters so we can test these analytical expressions. Our
program includes a computer subroutine for calculating mineral insolu-
bilities as brines cool, a chemical and structural analysis of several
actual scale samples and a laboratory experimental program to examine
scaling kinetics. D -, ‘
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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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ELECTRIC POWER RESEARCH INSTITUTE
PROGRAM NO. EPRI 653-1 |

SCOPE

INVESTIGATE BRINE CHEMISTRY AND COMBINED HEAT/MASS
TRANSFER, SCALING KINETICS, AND DEVELOP MODELS TO
PREDICT GEOTHERMAL PLANT DEGRADATION
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BATTELLE'S APPROACH TO THE EPRI GEOSCALE MODEL

® 'ANALYTICAL TOOLS BA DLY NEEDED BY ENGINEERS DESIGNING PLANTS

o ’COMPUTER ANALYSIS IS A STRAI GHT FORWA RD EXTENSION OF OUR
‘WORK ON GEOCOST =

° MMODEL DEVELOPMENT NOW CAN FOCUS R&D NEEDS

‘o MAJOR | PROBLEM

* LACK OF RATE DATA TO WRITE EQUATIONS TO CALCULATE
CORROSION AND SCALING :

e EXPERIMENTAL EMPHA SIS SHOULD BE ON OBTAINING SCALING KENETICS
- DATA

| QINIOTHER GEOTHERMAL PROGRAMSWILL PROVI DE MUCH NEEDED CORROSION
RATE DATA AND SCALING DATA
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THE GEOSCALE MODEL FOR GEOTHERMAL
PLANT SCALING & CORROSION ANALYSES

INPUT
BRINE PROPERTIES
PLANT PARAMETERS

CALCULATION POINTS

)

COMPUTE PLANT POWER
OUTPUT AND STEADY STATE
OPERATIONS CONDITIONS
T,P,V,F,X etc. AT EACH
CALCULATION POINT

COMPUTE DETAILS AT EACH
POINT - EXAMPLES:

FLAG PROBLEM

HEAT FLUX
AT, FLOW PROFILE
GAS DISTRIBUTION

4

COMPUTE CORROSION

Y

AND SCALING RATES
AT EACH POINT

END EQULIB - GEOTHERM
LIST PLANTLIFE USE HELGESON DATA
BASE TO CALCULATE
DEGREE OF MINERAL
. PRECIPITATION
PLANT ™\ YES
OPERABLE .
REDUCE TIME
STEP, t

L.
P

COMPUTE EFFECT

OF CORROSION AND
SCALING ON PLANT
PERFORMANCE SO FAR

A

Y

COMPUTE AMOUNT OF SCALE
AND CORROSION AT EACH

POINT DURING TIME
INTERVAL, t  °
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o EQUILIB - GEOTHERM
CALCUI.ATE MINERAI. SOLUBILITIES AT 0 T0 300 C

INPUT |Reap - INITIALIZE PARAMETERS o
TV DATA BASE 2 o2 |
BRINE COMP. COMPUTER ®s7, 50,70 CALCULATE SET
GASES Ksp™ 0 PRECIPITATES |  |COUNTER
CALCULATION e oM
ACCURACY aq ® ACTIVITY COEFFICIENTS
YES
CALCULATE Aqueous-| N
R 100 " EQUILIBRIA CALCULATE No | SET
@— ITERATIONS BY ITERATION = PRECIPITATION  |—> FINISH
? on C03-Z, 504-2,C1 OR DISSOLUTION FLAG
p
CONVERT FROM
LOG VALUES - END




IMPORTANT FACTORS AFFECTING CARBON
STEEL CORROSION IN GEOTHERMAL BRINES

e GEOTHERMAL FLUIDS ARE LOW 1IN OXYGEN INITIALLY
-f02 - 10730 70 1074° atm -

e CORROSION CONTROLLED BY CATHODIC REACTION

2H* +2¢° ——> H, (CATHODIC)

Fe —> Fe & +Ze" (ANODIC)

0zt

o pH AT TEMPERATURE VERY IMPORTANT
s ot -
H,003 = H+ + HCO,
H,S —_—— + HS™
3/2 K-FELDSPAR + H+—"‘ 1/2 K- MICA+3S|02+K
7 ALBITE 6H+ + 3H,0 == 3 Na-MONT. +10 Sl02+Na

® AS SALlNITY |NCREASES pH DECREASES




THE DISSOCIATION CONSTANT OF CARBONIC ACID

-6

HZCO:,’—>E H +HC03,_;

* TEMPERATURE, 0C

221

300




[444

POSSIBLE SCALING RATE CONTROL MECHANISMS

~A) DEPENDS ON DEGREE OF SUPERSATURATION AND DIFFUSION
TO SURFACE

B) REACTION CONTROL AT SURFACE
C) PARTICLE FORMATION IN FLUID AND DEPOSTION OF PARTICLES

D) OTHERS - NUCLEATION?
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EXPERIMENTAL SCALING PROGRAM OBJECTIVES

TEST VALI DITY OF:ANALYTIVCALEXPRESS'IONS |

~ TEST BRINE PRECIPITATION VS EQUILIB-GEOTHERM PREDICTIONS
DEVELOP RATE CONSTANTS FOR SCALING |

ESTABLISH HOW 2AND 3 SIN\ULTANEOUS DEPOSITION PROCESSES
ADD TOGETHER |

ESTABLISH HOW TOTAL SALINITYEFFECTS RATES
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4 EPRI-SCALING TEST FACILITY
ELECTRIC POWER RESEARCH INSTITUTE
GEOTHERMAL BRINE CHEMISTRY PROGRAM
GAS .
FUTURE MAKE-UP Ny COx HS '
BRINE RETURN LINES CAPACITY j BRINE MAKE-UP
e e : 554F {290C) - 1500 psi
L
FDq DdRd LD
r—-A r—'-'}
S S
! i | !
L Lol
: . : | : 20gat
HEATER 1 \ :_ | L
R o4
S T .
LDG-T-DQJ
TEST SECTION }
[ ~ N L
(FXT) STEAM SEPARATOR
00 | S | ADDITIVES TO BRINE TANKS
T fLOW 4 NaCl, KC1, Si0,, H,S
== NETER CaC0,, €O, HCOy,
i .| CHLORIDES OF Fe, Mn,Cu,Ag
Vi
bl ALTERNATE
I | TEST HEAT EXCHANGER ,
[ s3 -
_.E E L PREEATR
L] ; ‘ DEMINERALIZED WATER
1 ! ALOW '
| METER HEAT EXCHANGE -
i TEST LOOP
I i
|

> CATCH TANK

| R g
X g {L_?-be e |
BRINE > TEST SCALE DEPOSITION COIL

ROTATING CYLINDER

1gal STIRRED AUTOCLAVE -
650F (343C) - 3000 psi

224




1 YA4

WHAT DATA IS NEEDED ?

® REVIEW HELGESON DATA BASE FOR ACCURACY - CORRECT AS REQUIRED
® OBTAIN HIGH TEMPERATURE THERMODYNAMIC DATA FOR DATA BASE
| ESPECIALLY EQUILIBRIUM CONSTANTS
® ESTABLISH SCALING RATE CONTROL MECHANISMS
© DEVELOP VALID ANALYTICAL SCALING EQUATIONS

g’T( > (T, AC, FLOW EFFECTS, SURFACE EFFECTS)

® ESTABLISH HOW MULTICOMPONENT SCALES RELATE TO BRINE CHEMISTRY
® DEVELOP CORROSION RATE EQUATIONS

e VERIFY ANALYTICAL EQUATIONS TO DESCRIBE FLOW THROUGH COMPONENTS
~e.0g. TURBINES, VALVES, HEAT EXCHANGERS ‘

o EXTEND BRINE THERMODYNAMIC (STEAM TABLE) DATA TO MULTICOMPONENT
BRINES AND SUPERHEATED AND COMPRESSED L1QUID REGIONS

- ® SCALING BEHAVIOR IN PUMPS, TURBINES, STEAM SEPARATORS AND GAS
EJECTORS









