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PART I

- INTRODUCTION AND DISCUSSION

' ‘I'he group 'working on Materials Selection and Corrosion Problems -
of the LBL Hydrothermal pro,ject has various o’bjectives. It will of
course answer specific questions on materisls selection for components

for the specific site at which the LBL Hydrothermal Project will

- build its pcwer plant. In a.ddi_tion, this group will furixi’sh informs-

" tion which will be useful in the successful development of geothermal

powei' plants in the United States, plants required to meet our national

' needs for energy.

To date there has been no specification of the site or the
composition of the geothermal fluid to be expected at that site.

From an open file report of the USDI Geclogical Survey (Mariner, et. al.,t

-\1971;) , data have been ta'bulated for chemical compositions of geo-

' thermal wa.ters in four areas ’of interest in Nevada: Beowawe‘ "steam"

well and Beowawe Hot. Spnng (Eureka County), Buffalo Valley Hot

‘ Springs (Lander County), Kyle Hot Sprlngs and Leach Hot Spring
‘(PershingCounty). These data are ‘presented iana.ble I. No inform-
tion 1s given on sulfide or bisulfide content but these constltuents
o are present in each of these wells a.nd springs, es indicated by | |
: ree.ction with silver (personal commmication--from A. J. Hebert)..
& With this. limited information N ma.teria.l recommendations have been

prepared for the Nevada. geotherma.l well (cf. Part II)

. Due to current shorta.ges, reconnnenaed materials may not be

R

: | availsbie from time to time. It may therefore be necessary to use




"casing, for example, which is'.susceptible to stress ¢racking in the
, | presence. of hydrogen sulfide. If 'such a celculated risk must be
~_teken, one should note that if & well is not completely shut down

‘and if sufficient fluid is produced to maintain metal temperatures ‘

ebove 7000, corrosion problems may be partially' controlled. . ‘,
A i‘ield corrosion test program is planned for the Nevada test
wvell. A detailed program is submitted in Part III of this report.

ObJectives of. uhis program are to obtain information on the perform-

~ance of materials H obtain 1nfornation on the effect of production

va.riables such as temperature, pressure, and flow rate on the perform-

ance of materials; obtain data for improved and more economic selec-

‘tion of m_ateriais for plant design and construction; and furnish
guidelines and p'rocedures for geothermai plants in general,(cf .

Part'III).

A Js.'boratory? research program is continuing on Velocity' Effects

| in COrrosion. The purpose of this program is to establish a 'basis

for quantitative scale-up of corrosion effects in design of components

.such as pump impellers or mixing propellers. A progress report 1s7

‘presented in Pa.rt IV.

“In addition, a tubeflow system has been constructed, and pre- |

CE liminary tests are ‘oe:lng ca.rried out. o

. ,}\' R References

I. —,1. Mariner, R. H., Rapp, J.-‘B., Willey, I.. M., ‘and Presser, ‘I‘. S.; - ‘

' ""‘I‘he Chemical Composition and Estimated ‘Minimum Thermal Reservoir
*  Temperatures of the Principle Hot Springs of Northern and Central
.- Nevada"; Open-File Report, United States Department of the Inter-

' ,ior Geological Survey; Menlo Park, Californie., May, 19714. :




Chemical Analyses of Selected Hot Springs and Wells

TABIE 1

- (concentrations in niilligrdms per liter)

Beowawe "steam" well
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PART II

MATERIAIS RECOMMENDATIONS FOR NEVADA GEOTHE’RMAL WELL

‘Tnis’secticn.suﬁmardzes~recomnendssions forzmsterials fof the |
geotherﬁalvwell.planned.forQs Nevada test site. It ceVers down-the-
hole tuiﬂlar goods, wellhead eqnipment, and floylines. A subsequent
~report will cover subsurface equipment involved 1n.f1uid'handling
"and power generationQ These recommendations.are subject to modifi-
catien‘as more information becomes available on well operating con~--
ditions.and nsfure cf the produced steam and brine. |

The corrosivity of.the produced steam and brine is not incwn

and cannot be defined with accuracy until the well is broducing.

rsr the presenti-it is assumed that the corrosion rate of carbon

steel'will be 1ow.enough that steel can be used for major equipnent
'itens. The basis for this assunésion is that the composition and
1 temperature reported for brines from several Nevsda wells previcusly
drilled are similar to those for-relatively"nonecorrosive wells
reported in the 1iterature, this subject will be dealt with in detail
'in a subseqpent report.

Since hydrogen sulfide 1s expected to be present in the produced

_steam, 1t is recommended that all pressure-containing items be

;_ constructed-of materials vhich are considered to be resistant to

'hydrogen embrittlement'(known'alsobas sulfide corrosion cracking

'f,and sulfide stress cracking) : In'general this involves avoidance of

" bigh strength steels (i.e., above about 80,000 psi minimum.yield

-strength). _The specific guidelines used ‘in this report follow those

o




used in the oil industry which are given in NACE Publication 1F166
(1973 Revision) , & copy of which is attached.
A mjor argument for using steel in the test well is the -

'desirability of estaolishing .early in 'the project the feasibilit&
of using steel, since the \'hig‘her‘oost of alloys "for- major equipmen.t,‘

-39 - casing, could have g marked adverse effect on the ec0nom1cs of
the project. ‘I.'he use of steel requires that equipment items 'be
inspected et i‘requent intervals to provide protection from failure

in service.

Drilling Equlpment

It is assumed that conventional 0il well drilling equipment
will be used and that a vater-base mud will be the drilling fluid,
wit_h' the option that air drilling may be used when drilling in the
' | ‘produci'ng formation. -. It is also assumed that hydrogen sulfide will
be present in the produced steam. .

T a.'void sulfide oorrosion eracking, ‘use of API Grade D drill
pipe is reco'nmended. Grade E drill pipe cen be used if it is made
by the quench~and—temper process. : 'l‘o minimize stresses g band thus.
minimize corrosion fatigue problens , the drill pipe shduld be as

| large es is convenlent. Also, the drill pipe should be coated on S

o the inside with a plastic coating of & type commonly used in oil

f‘ield drilling, It is preferred that the drilling mud be alka.line ;
N (to neutralirze any hydrogen sulfide) and contain components which
ha.ve oxygen scevenging properties (to minimize corrosion fatigue)..

Because the produced fluid will be et a temperature higher




_ than commonly encountered in oil well drilling, the -e]nstomers used

" in the A'blowout preventer should have good high‘temp‘e.rature ‘properties.

_ ,Surface casing;, _since it 1is not in conte.ct withv the broduced
brine a;nd steam, can be whetever pipe is 'e.vailable that meets the
mechanical des1gn requirements. 7 | : - |

'.'Lb avoid sulfide corrosion cracking R the production casing

o should 'be elther API Grade H—ho J-55, K-55, or c-75 Some pipe

manufacturers make a modified N-BO Grade by the quench-and-temper.

v process which would 'be acceptable, however > the eccepta'bility of a
- specific brand should be confirmed by us ‘before order_ing. Couplings :
| should 'bev of -the sanie "grade as the pipe.- Assuming that the well - .

will be produced with the steam and brine in contact with the ca.sing s
.'it would be desira'ble to use a heavier weight ce.sing than necessary

for mechanical design :ln order to provide a corrosion allowance.

o ‘l‘he selection of the size 3 weight » and grade of cesing to provide

the necessary mecha.nical strength for a specific wvell will ‘be speci-
',"'fied once the design pa.remeters are established. S |
| I:I':' a liner is used, the materiel could be any of those listed

e.‘bove that meet the mechanica.l requirements. In addition » API

i Gra.de N—SO c-95, or P-llO could be used if it can 'be estsblished

that the temperature of the 1iner would be a‘bove 70 c s.t e,l_'l. times. :

'This exception to the general rule a.geinst using high strength steels '

. in hydrogen sulfide systems results from recently published..data.

’ : showing sulfide corrosion cracking severity of e hydrogen su.lfide

. a . ’




environment to'decrease markedly with increasing 'temperature. This

| 'approach does not apply generally to the production oi‘ casing ; since‘

' during shut-in periods the upper part. of the casing string will drop - V

in temperature to values below tnat considered acceptable for higher

-strength steels.

Tu'bing |
It is e.ssumed that there will be & string of tubing in the well
‘ to 'provide a means of centrollmg the vell even'»though th_e well
.wouid be produced through the-_casing. Although a full-length string
of _tubing maynnt be _required from an operating viewpoint, there is
3 justification for s_uch a tu'bing string to obtain corrosion data as :
& function of depth. In addition, the tubing string would provide
& means of testing alternative xma:terials in the most corrosive i
locations. | » v ‘
| Steels accepta'ble for tubing from the hydrogen embrittlement

o aspect include__APIvGrades J-55 and C-75.

Wenhead Equipment o ‘.

Materials used f‘or vellhead equipment should follow API Speci-f‘
= i’ication GA, particula.rly items 1.i.3 end 1.k, 6 (see attachment)
"_which describe materials a.cceptable for resistance to hydrogen

e embrittlement. 'i‘he e:cternal bolting of wellhead equipment should

. : 'meet the above rem:.irements because of the possi'bility of exposure o

"””of the ‘nolts to. hydrosen sultide. - e

For equipment items req_uiring a high degree of resistance to




n_general corrosion;rpitting corrosion,»hydrogen~eMbrittlement, and

istress corrosion cracking, the following alloys should be used: |

| ‘Hastelloy c, Hastelloy c-k, ASTM Al53 Gra.de 660 (A- 286), or titanium.

lSatisfactory trim materials inclnde ASTM.A 399 RCoCr and A- 399 RNiCr.

' Use of austenitic stainless. steels (e.g., Types 30h and 316)

for pressure-containing components should be avoided because of the

. possibility of chloride 'stress corrosion. cracking. Martensitic
stainless steels (e.g., Type th)vshould be avoided because of

their poor resistance'to pitting corrosion in chloride'systems snd

their poor resistance to hydrogen embrittlement.

Flowlines :
Flowlines should be made of API c.rade 5L pipe with the added
speci’ication that hardness of the welds should not exceed 200

"Brinell to avoid hyorogen embrittlement. If feasible, a heav1er

- wall thickness than reqnired for mechanica1 strength should be used

80 as to provide & corrosion end erosion allowance. _Valves should
» follow APT Apecification 6D. Use of ‘bellows type expa.nsion :joints
‘-]should be avoided since the thin and highly stressed metal in such‘”
Joints is highly susceptible to failure from corrosion pitting or

stress corrosion cracking.,
s b

:VAttachmentS° 3f7’”
Excerpt from API Specif‘ication 6 |
L mcn publication lF'166 (1973 Revision) R A
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1.4.3 ADPI Flange, Ronnet, Cover Bolting, and Naut
Mnterials 1o Resist Sulfide Stress Cracking. Chemi-

- eal composition, heat trcatment, and hardness are

significant factors influencing  the suitability of a

- material for this service. Therefore, flange, bonnet,

cover bolting, and nut material for this service shall

.conform to requirements defined in National Asso-
. eiation of Corrosion Engineers (NACE) publication -

“JF166 (1973 revision).’ v .
Bolting Material — ASTM A193, Grade B7M is
acceptable. When §0,000. psi minimum yicld strength
bolting is wused, - the - working  pressure deratings
listed in Table 1.5 will apply, except as specified in
foctnotes 2 and 3 to the table.- - :
Iionel K-500 in the hot rolled and aged hardened
cordition is accéptable at a hardness of Rc 35 and
below. ASTM -A453, Grade 660, solution treated and
eged hardened is zcceptable at hardness of Re 35°
maximum and lower. To be used without derating
as required in Table 1.5, either of these materials
must be heat treated to 105,000 psi minimum yield -

strangth without exceeding the maximum hardness |
- gpecified, S :

Eolt -marking shall be in accordance with ASTM -
A193 for B7M material. i . :
" Polt marking for Grade 660 material shall be in
accordance with- ASTM. A453. ) ‘ _

Nut Matecial — ASTM A194, Grade 2M.

1fonel X-500 in the hot rolled and aged hardened .-

~ ecordition is acceptable at hardness of Rec. 35 and

below, ASTM A453, Grade 660, solution treated and -

i aged hardened is acceptable at hardness of Re 35
.-and below. ' S s

- Nut marking shall be in accordance with  ASTAM .

. A194 for 2M material. Nut marking for Grade €60
" _meterial shall be in accordance with ASTM A453.

‘NOTE: See Par. 1.4.8, Note 1, for bolting ma-
terials suitable for use in low temperature hy-
drogen-sulfide-environment scrvice.
S S TABLE 15 o
7 WORKING PRESSURE DURATING! FOR
S REDUCED HARDNESS BOLTS i
1 ) 2
AP] Working

Working Pressure with Reduced

essure . Hardness Bolts in End Flanges
psi psi
2,000, No Derating
8,000 . No Derating -~
5,000 (type 6B Flange)__.. No Derating -
5,000 (type €BX Flange) .. 3,800
10,000 (type GBX Flange) 17,6002
35,000 (type 6BX Flange) 11,4003

20,000 (type 6BX Flange) No Derating . .
API 2900 (10,000)%_.. 9,000

2When materials acceptable under National Association of
Corrosion Engincers Publication 1F166 (1973 revision): -

L Sulfide Cracking Resistant 3lctcllic dMaterials for Valves

Jor Production auad Pipeline Service are used at the
"strength levels which meet the minimuom. requircments

_of ASTM A193, Grade B7 (105,000 psi minimum yicld), -
~on a test block from cach melt furnace heat. The
- mechanical properties of the test block shall be

. the pressure rating of the valve and flanges need not be
redvced. - , \ S

210,000 psi 6BX . working pressure flanizes in the 1§37,
24", 27", and 34" sizes can be fully rated with 80,000 -
psi minimum yield strength material. . . .

/315,000 psi 6BX working pressure flange in the 133” size
-ean be fully rated with 80,000 psi miuixpum yicld strength

- paterial, . o :
SAUTION: The magnitude of the resistance to external |

berling moments is veduced twhen flanges are equipped

- goith reduced strength bolting material.

- 40baolete scrics, sce Appendix G. . .

-+ the combination of chemical ¢omposition, heat treat-

.

‘ fure, such

American Petroleum Institute

T 144 $caling Materials. The non-metallic, resilient,
" .yubber-like materials used in the construction of the

annular static pressure sealing mechanisms of well-

heads, preventers, and valves shall be capable of
sustaining the designated operating pressure and -
temperature of the particular unit as specified,on the. .
‘purchase order; T R o

1.4.5 Ring-Joint Gasket Materials. Ring-joint gas-
" kets shall be of material and hardness as specified in

Table 1.6.. ' ,
' S "'TABLE 1.6 ]
API RING-JOINT GASKET MATERIAL AND
) ; IDENTIFICATION )
1 _ -2 8. 4
Brinell Rockwell
. Hardness ~ “B” Identifi-
. Number,* Scalet  cation
Material "~ Max. Max. Mark
Softfront — 90 50 D
Low-carbon steel} ....__120 68 S
Type 304 stainless steel 160 83 - 5304
Type 316 stainless steel..160 - 83 - S316

*Brinell hardness measured with 3,000-kg load exccpt
soft iron, which is measured with 500-kg load. B

.. tRockwell “B” mcasured with 100-kg load and 1/16-in. ‘
“.diameter ball. |

$Unless otherwise specified on the purchase order, sofi:

. iron and steel gaskets to be eadmium plated 0.0002-0.0005

inche;. _
1.4.6 Materials to Resist Sulfide Stress Cracking.

- Chemical composition, heat treatment, and hardness
are significant factors influencing the suitability -

of a material for this service. Therefore, for the in-
tended service, materials should be chosen such that

ment, and hardness is within the limits indicated for

the hydrogen sulfide-containing corrosive environ- -
-ment. Where the hardness limit results in tensile

properties lower than customarily employed, the de-

- 'sign or service rating should be reviewed and medi-
- fied as neccessary. This is an enzineering problem
to be resolved betswreen the manufacturer and user. -
Reference is made to National Associatioa of Corro-

ston Engineers Publication 1¥'166 (1973 Revision).
Sulfide Cracking Resistant Metallic Matcrials for
Valves for Production and Pipeline Service.

NOTE: See paragraph 1.4.8 for boliing and nut

materials switable jor this service. ‘
147 Materials for Low Temperature Service. All

- materjals for the shell or pressure containing strue-
as bodies, bonnets, covers, end flanges,
and welding ends as well as all beltinz materials for -

metal temperatures below ~201 shall be tested in

-accordance with the latest revision of ASTM E-23: -
-Notelh Bar Impact Testing of Metallic Materiuls,

using the Charpy V notch technique. - ’

A mininum of one impact test shall be conducted

representative of those of the material uced in the
product. The test block shall accompany a product

- charge through the entire heat treating process. -
** _The standard impact test temperature shall be in -
25 degree 1* increments and shall be —25F, —80F,

and —75F. The user shall clearly indicate on the
purchase order the test nietal temperature required
for his particular nced. Impact test coupons shall

‘be cut-from materials as noled in the asterisk-
* designated footnote to Par. 14.1.. o

- .




Technical -
Practices

 Sulfide Cracking Resistant Metallic Matericls

Report of NACE

NACE Publication 1F166 (1973 Revision)

Unit Committee T-1F* on Metallurgy of
Oil Field Equipment, prepared by Task Group T-1F-1** on
Sulfide Cracking Resistant Metallic Materials for Valves for
Production, ‘ ‘

.+ forValves for Production and Pipeline Service

£

S *. Foreword ,
¢ . Many metallic materials are subject to .
K *. spontaneous brittle failure when exposed-

»

s gndcr'{'stress to environments containing .

.o hydrogel: sulfide. The failure has various

. names, but in this report it will be referred

" “‘to as- sulfide stress cracking (SSC). The

materials described in this report have been

~ found by experience and laboratory testing
to be highly resistant to SSC.

.. »

i

Scope

tequ:rement for resistance to sulfide stress
cracking {SSC) for valves. These recom-

used for equipment covered by AP} Stand-
_srds 6A and 6D, and are not intended to
lnclude design requirements.
fNote: Although this report concerns
<.+ "walve materials intended for sulfide
* service, it is not.to be comstrued asa
guarantee that products conforming
o to these requirements will resist at-
<" tack by sulfide containing media un-
© der ol conditions. -

LS R T APPSR

15 to be construed as granting any

- gight by implication or otherwise for
~. . ganufacture, sale, or use in connec-
o ~ tion with any method, apparatus or
product covered by letters patent nor
" as Insuring anyone against liability
for infringement of letters patent.

<. Fhis report is for the convenience of *

+. 7 purchasers end manufacturers in or-

-

KN

P, O. Box 2189, Houston, Texas 77001,
<. chairman. .

e et

- se)M. R. Chance, Thornhill-Craver Co.. P.O.

Box 1184, Houston, Texls 77001. chaic-~
© man,

b

i March, »197.3 . |
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> " This report covers metallic materials

mendations sre applicable to the materials -

Nothing contained in thls report -

: Lowand Medrum Alloy Steels :
Low and medium-altoy steels, wrought -
.- and cast, such as APl Types 2and 3, ASTM

3, B. Greer, Esso Production Research,

/

- dering and producing materials for
products and ‘is not -intended: to
inhibit- purchasers and ..producers
~from purchasing and producing ma-

ly to any cold working or welding, the
whole part should be reheat treated by
tempering at 1150 F {621 C) minimumtoa .
hardness level of Rc22 or below. E

terials -for products meeting require- . o

ments -other than’ those contained
herem. ' :

Materials
Most ferrous materials hardenable by

" heat treatment can be made susceptible to

SSC. Conversely, most ferrous materials can
be heat treated to be highly resistant to
§SC. The following recommendations are
intended to assure heat treatments which

will ‘provide materials which are highly
__ resistant to SSC.

The recommendations shown under the

" various material categories are applicable to
. that material when the material is used in an
. equipment component. » :

Carbon Stee!

" Carbon steels such as ASTM A-216 API
Types 1 and 4, andAAOSI 1010 to 1045, -

inclusive, are satisfactory at hardness levels
of Rc22 or lower. If cold worked or cold
rolled materials  2re employed, the "item
should be tempered at 1150 F {621 .C)

minimum to a8 hardness level of Rc22 or
be!ow after cold workmg .

Types A-148, A-487, A-193, A-194, A-352,

AIS! Types 4130, 4140, 4145, 8630, 8640 °

should be annealed  or quenched or normal-

‘ized followed by tempering at 1150 F (621
" ©) minimum, to a hardness level of Rc22or -
“below. Low alloy steels cortaining over
- approximately 1% nickel are subject to SSC -
- gt hardnesses lower than Rc22, Subsequent-

K

Note: Flange, bonnet and cover boflt-

- ing: Carbon and low alloy steel bolt-
ing manufactured to the above re-
quirements will not meet the
105,000 minimum yield strength re-
quirements of APl Standards 6A and
6D which specify hardnesses at high-
er fevels than those required by SSC-

service. Carbon and low alloy steel

.- bolting ‘for SSC service should be
heat treated to obtain 80,000 psi

" minimum vield strength and a maxi-
‘mum hardness of Rc22, :
Designers are cautioned that it

. may be necessary to derate pressures

. ©or to use bolting not susceptible to
SSC st the strength levels required by

“the APl standards. - :

' Bolting is defined as studs, bolts, -
¢ap screws, slotted machine screws,
etc. Nuts holding critical compo-
aents, and nuts exposed directly to
the sour environment, shall meet the
requirements for bolting. :

" Free-Machining Steels

- Rephosphorized and/or  resulfurized
“-free-machining steels should be used only
for noncritical parts.

Carbon and low and medmm alloy steels e

“to which lead has been added {o promote .
machinability {not rephosphorized nor. re-

sufurized) are satisfactory at hardnesses of .

Rc22 and below pravided the requirements .
of the paragraphs on “Carbon Steels” and/

or "Low and Medium Alloy Steels” lusxed ey
- above ere comphed msh.
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Sta}'nlex Steels

Austenitic chromium-nickel steels {such ..
g5 304 and 316) and ferritic chromium

steels- {such as 405 and 430), wrought or
cast, should be in the annealed condition
free of cold work. The hardness tevel should
be Rc22 maximum, . :

Martensitic  chromium - stainless steels
{such as 410}, wrought or cast, should be

heat treated by quenching and double tem- -

pering at. 1150 F {621 C} minimum to a
hardness level of Rc22 maximum, However,

properly heat treated are satisfactory . at
hardnesses over Rc22 but should not gener-
ally be used without the perm«ssnon of the
-purchaser. ) .

Some precipitation hardening stainless

steels are satisfactory for use when properly
heat treated at hardness levels which may be
over Rc22 but should not be used in parts
without permission of the purchaser. =
ASTM A453 Grade 660 (A 286), solu-

tion treated and age hardened, is acceptable.

at hardnesses below Rc36.

Nickel-Copper-Aluminum Alloys
: Nickel-copper-aluminum alloys {such as
Monel alfoy K-500) are satisfactory in the
hot rolied and age hardened condition at
hardnesses of Rc35 and below.

: Mckel-Coper Alloys
Nicke!-copper alloys such  as ASTM
B-127 and B-164 lMonell are considerad

- satcsfactory. - :

" Nickel-Chromium-lron Alloys
Nickel-chromium-iron  alloys, such as

"ASTM B-166 -(Inconel 600 or 604) are

satisfactory annealed or cold worked.

_Nickel-Chromium-Iron Alloys
Nickel-chromium-iron alloys- {such as

" some straight chromium {martensitic) stain- "
less steels with- proper chemistry ‘when -

v

“Inconel X-750) at hardness levels

- molybdenum-chromium - alloys
ASTM A-494 (Hastelloy B and Hastelloy C)

below
Rc35 are satisfactory,

Nickel-Molybderium and Nickel-
Molybdenum-Chromium Alloys

Nickel-molybdenum and nickel-
such as

are considered satisfactory.

Cobalt-Chroh)ium- Tungsten Alloys

"and Nickel-Boron Alloys

" Cobalt-chromium-tungsten 'alloys and
nickel-boron alloys such as ASTM A-399
RCoCr and A-399 -RNiCr (Stellite and

Colmonoy) are considered satisfactory as.
trim materials.. After the trim application, -

the part should be reheat treated by temper-

_ingat 1150 F (621 C) minimum to maintain

the hardness level of the part bemg trimmed

at Rc22 maximum,

Cemented Carbides
Cemented carbides are considered satis-
factory. When used as trim materials and

" applied by the fusion or welding process, .

the part trimmed should be subsequently
tempered at 1150 F (621 C) minimum. The
hardness of the base material should be
timited to Rc22 maximum.,

Copper Base Alloys

Bronze and other copper base alloys are -

not generally satisfactory for highly stressed

parts in sour service and should not be used -

in parts without permission of the pur-
chaser.,

Cast Iron

Cast iron is not permitted for use as
pressure containing members in equipment
covered by AP! Standards 6A and 6D. Cast
iron in nonpressure containing internal parts

Weldmg

should not generally be used without per-
mission of the purchaser, -

Plating -

The use of plating li.e., nickel, chromi-
um, cadmium, electroless nickel, etc.) to
prevent SSC is not satisfactory. For other

- purposes, the use of plating over materials

satisfactory for use in sour environments is a
matter for agreemcnt between the producer,

. &and user,

Fabrication -

- Repair welding to cast components

: should be in accordance with ASTM A-488 .

and the appropriate ASTM material speclfo-
cation.

Al fabrication welds should be made in
accordance with the procedure and by
welders or welding operators qualified under
Section IX of the ASME Boiler and Pressure
Vessel Code. . 4

Subsequent ' to any. welding, repair or
otherwise, the whole part should be heat .
treated at 1150 F (621 C) minimum to
produce uniform structures, to relieve inter-
nal stresses, and to limit the hardness to
Rc22 maximum.

QOverlaying

When overlays are apphed by a process
involving heat, the parts should be jubse-
quently heat treated at a temperature of
1150 F (621 C) minimum to a base metal .
hardness of Rc22 maximum.

Cold Working .

Subsequent to any cold deformation by
rolling, straightening, cold forging, or other
process which results in uncontrotled residu- -
al stresses incident to such operations, the
part should be heat treated at a temperature
of 1150 F (621 C) minimum to a hardness
of Rc22 maximum,

i
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-PART III

FIELD CORROSION: TEST PROGRAM FOR NEVADA GEOTHERMAL WELL

The following i‘ield corrosion test program is proposed for’ the
geothermal test well 'being planned for a Nevada site. The prog,ram :
is divided into sections based on location- " dovn-the-hole ’ 'wellhead ’
- flowline, power plant, and 'brine disposal. Within eacn section are

tests designed ‘to obtain: (1) short term data to reflect the influ-'-.'
“ence of operating variables, and (2) long term data to esta.‘blish |

suita.'bility of specific materials.

I. Dovn-the-hole

A, Short range
» 1 The material of interest is carbon steel, -which presumably
| will be the material used for the down—the-hole tubulars. It is
'proposed that the progress of corrosion be determined by daily
analyses of the produced brine for iron., There is the problem of
not knoving fthe bottom-hole iron values, but changes may be indica- '
tive v'of changes 'in' the corrosion’ rate, end thus indicate the most
corrosiVe and the least corrosive operating condition. |

2. Another a.pproach would be to use.a radioactive specimen

| down-the-hole s and monitor corrosion by counting the produced fluid.

| »"A techniq_ue that has 'been used successfully in oil wells is descri‘bed
by Gordon P Raifsnider , e.nd Ly (1966) This technique would
: ‘require (1) presence of tubing in the hole to support the specimen, :

'-a.nd (2) knowledge of the most corrosive zZone SO &S to pla.ce the '




specimen where it would be most'useful Therefore y it is suggested
that implementation of this a.pproach be deferred until the initial

" long. range da.ta (see below) become available. s

B. long range’

‘ 1. If there is a possibility tﬁet the casing or liner will be
removed at a later date, the pipe should be measured before 1t is
m ‘I'in the hole to ‘esta.blish base .data'..‘ Measurements eould include,
for exé.mpie, wall thickness by ‘ca.'liper' at three locations near each
end of eech ,joint , and the joints identified ’by a sté.xhped number.

2. The tubing should be measured in the same way as suggested
a'bove for the casing.

3. Special tubular specimens of alloys of interest should be

prepared which could be attached to the tu'bing string. These could
be in.the vfom_of sleeve type specimehs vhich could be clamped to

’ tﬁe outs.iae of the txfﬁing with an inSulating sheet of Teflon between
the speeixﬁeh and the tubing. to prevent galvanic effects. If the .
well ‘ie pi-oduced through the tubing’,’ the -specimens. would be located
on"»the 'iﬁside of t’he tubing. Initially three locations would be
used- 'bottom of the hole, md-way, ana top. If4 init’ial results
1ndicate the necessity of obtaining more reliable perfoma.nce data

" : for e speciﬁc a.lloy than o'btamable with specimens » this could be
‘done by means of pup Joints nxade from that a.lloy. o 7 |

-k, If the ‘casing 1s not to be recovered, arra.ngements should be |

n:a.de for 1nspect:lon of the casinig.before -the*well is produced and at |

e reasonable ‘inter'_vai after. This could be done by commercially.

'e\'ailable ‘survey equipment using either caliper or e'ddy current

oo




»tec‘hniques- selection of the best a.pproech could be made by discus-
sion with potential suppliers of the service after size and ’bype
of casing to be used are known ‘
5. To obtain da.ta on the corrosiireneés‘ of thedrilling operé.tioo‘,'_
-several ring type corrosion'specimens sho'uld.ibe inoorporated in the
: driil strinjg.f These can be welghed to determine oorrosion rate and
inspected for~pi£s. ' In eddition the drill string can be inspec‘ted

for corrosion damage.

II. Wellhead ’
A Short range
L. Provision should 'be made for insertion of a.n electrlca.l

resistance corrosion measurement probe at the weuhead. This will

provide & means of obtaining fairly short term measurements of the
corrosion rate at this location and serve as a guide for timing

the lono range tests.

' 7-2. An additiona.l 1ocation shonld be provided for a pole.rization :

, resistance corrosion rate measurement pro'be at the wellhead. This

: ‘er"? .
winl provide in tantaneous corrosion rate measurements which will Ye

: of value in evaluating the ei‘fect of changes in operating vane:bles.

3. Conventional corrosion specimens oi' & va:riety of alloys of

Snterest should be pla.ced in the outlet from the vellhead. This is
chonveniently done ‘by ettaching the specimens to a rod which is
. attached to a plug fitting whick screvws into a tee- connection e:l'. the -
: wellhead. These would be removed for examination on & weekly basis ‘

"and new specimens exposed. In addition to weight loss specimens, '

e o e e g e o T e e K ST ey s ae o e b - ——s s o




’ U-bend stress corros ion specimens and welded specimens would be
1ncluded in each specimen assembly. | .

l& An assembly for evaluating velocity effects would 'be
attached to the wellhead. This would consist, of a bypass line of
l-ineh pipe designed with machined test sectious that couldv'be
removed for weight Joss measurements, plus the necessary equipment :

-

to measure and -control flow. rate. |
B. Iong range :
1. A1l equipment items in the wellhead assembly should be

1nspected prior to assembly.of the wellhead and the wall thickness
(or I.D. if thicme'ss not applicable) 'measured at several points on
each item, and the points identified for Jater reference. If there
are 1nterual‘- components that are easily disessembled » this should be
-done and the components measured and weighed (if small enough to be
meaniugful). After exposure i’or a period to be determined by the
short rangeitests ; the items are to be inspected and re-measured.
2. Ii' significant corrosion is found ou any of the eo_uipment
_ 1tems 3 they should be replaced with items fa'bricated from an §_]__.l_c_)z
| expected to be resistant to corrosion and the above procedure repeated./. :
. 3. 'In the event that short range tests »1ndicete significant ’ |
,corrosion, but it is not practical to shut down and disassemble the

-'wellhead, -} tentative measure of the severity of the attack can be

" obtained by x-ray inspection of the wellhead. -

e
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- IXT. Flowlines

: ’.A.'_ _S__t_lg_x_‘t range | | - »
L The cOrrosion‘idate. ofotained at the wellhead and et lt_he:;' :
plant should' ‘allow adequate measure. of the effect of operating |
~ variables on flowline corrosion, and also provide advance warning
of any serious ‘corrosion problem.- Therefore, no short range test
‘program 1is indicated.
- B. Long range .

1. Ultrasonic thickness mea.surements should be’ made at a

number of locations along the flowline, ‘the exact nmnber being
: determi_ned by the,length of t_he line. - At each location sufficient
»measurements should be made 'toi_obtain a picture. of any circm_nferen;
tial effect of corrosion. 'FVThese measnrements should be made prior

- to putting the line in service and at periodic int_ervals,' the

) , frequency' ’being determined by the nature of the short range'data '

| . ‘. o'bta.ined at the wel]head and at the plant. ‘

‘ 2 Based on the a‘bove data, sections of the line should be
cut out for detailed inspection and measurement. _

S 3. - If the a'bove data indicate a significant corrosion ‘pro'blem,

"}a progra.m should be initiated to test a.lternate pipe materials, the o

o vtest vould consist of test s;pools of ma.terials of interest pla.ced :
" 4n the flowl:lne a.nd inspected at intervals to provide an ea.rly |

‘ _“evaluation of their suitability.




IV. Power Plant and Brine.Disposal

~ Since a detaiied design of the plent is not availabie, the

"corrosion test program can be treated only in. general terms

“A. Short range

. Provisions would be made for insertion of both electrical

- resistance and polarization resistance corrosion measurement probes.

~ These would be used to. monitor the corrOSivity of major process

streams.:

2. Locations should be provided for corrosion specimens (both

'weight Jloss and stress corrosion) These would be more numerous
~ than the above, since it would be-desirable to define the corrosion

_characteristics of all process streams.

‘B. long range

1. A1l major-eduipmenﬁ items should be measured at several

'critical'points prior to being put in service to proﬁide base -

f points for subseqnent'inspections. This includes in particular such

items as pump impellers, heat exchange tubing, turbine components,

vessel walls, and major piping. In addition, ultrasonic measurements ,

should be made on all pressure vessels and ma jor pressnre'piping'so

_that corrosion damage can be detected conveniently to avoid any

[

Any heat exchanger should coatain test tubes of alternate

:] alloys, arranged in cluster patterns to minimize galvanic effects._v
Major piping runs, €.8., effluent brine piping, should contain test

i}sections of alternate materials

- 3. ‘The effect of inhibitors and non-Newtonian additives on




' _corrosion should e investigated. This,v vould be carried out in

Ja’boratory or pilot plant operations. Beneficial effects have

-’been,reported-,-, and this my prove _tg be useful in.reducing corrosion.._,

’ Summazz |
Attached is a ta.ble surmnarizing the above program end defining

' the modifications of norma.l design required to a.ccomoda.te each '

espect. of the progra.m plus a. description of the e.uxiliary equipment

: required to conduct the tests.{ |

Detailed designs of the individual test units and cost estimates ’

can be prepared after agreement is reached on. the corrosion test
,program;, these designs would be coordinated _with the design of the

test well and the power plant”a.nd brine disposal systein.
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;Table 1.

OUIP-‘.F\XT R"Q'JTRF’[ ENTS FOR CORROSIO’\I TESTS
- . Additions to . Special = -
Tocation Test No. Description Regular Equip. Equipment '
bown-the—hole IA1 Analyses ‘Sample valve dt . | a)
- - . wellhead. T, . o
IA 2 - Radioactive - Spccia:. tubing - Radioactive
. _specimens | joint _ ..specimeny
RO A e - counting app.
" ¥B1  Casing measure None . calipers |
: I:.B;Z Tubing measure  None - Calipers
" IB 3 Tubular specimens Special tubi ng Sf;ec'imens
, o . joints (3) (3 per alloy)
: , IB'4  Caliper survey  None , Survey too1? ,
Wellhead  II A1 Resistance probe LYNPT connection y. | Metery probes
T e , - with 6" free space " o .o
- ITA2 Poléri_zation' . '3/4"NPT connection - Meter, probes
... . . probe . with 6" free space S
O IXTA3 Corrosion - " 44"NPT connection = ° Support rod,
e e specimens - with 24" free space ' specimens
o IT A 4 Velocity test ~ 4"NPT connections (2)°  Test section
T T Pt - with valves to be designed )
IIB1 Measurements ~None =~ LT Calipers,balance ‘
. IIB 2" Alloy test Reéplacement item - “None B "
R ' o IXB3 X-ray inspection’ None ' o ,...7.. X-ray equip.b)
'_ Flowlines III B 1 ,f' V_‘Ultrasonic insp. None ) _ _ S Ultrasoru.c equip.l?)
o ' III B 2 }Ieasorementv s ‘_ Rep]:acement pipe .None ’
. . III B 3 . Alloy test Replacemen_t pipe No_ne . :
_.pla'.nt, L IV A 1 i{esistarice, ;Qol- 3g3/4" NPT connections ' Meters(from :FI AA),
R St ‘ar:ization probes with 6% free space (x) _probes' Tl
IV&Z Corrosion o 13§"NPT connections (y) . Support rods, i
o e '.'_-‘spec:mens - with 24" fr:ee space , specinens :
“Ive1l 'Measurenents None o Calipers,. ‘b)‘} |
B R T | ORI SRR I Ultrasonic equip. :
L oIwB2 Alloy test - Replacement items - - _ NOne Co, |

a) Analytical laboratory facilities, not necessarily on site.
" b) Provided by service company on contract,with operator. RRE L
-~ €) Distance that must be left free beyond opening in axial direction
"of opening; this is to accommodate_ the probe or specimens. ’

e
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PART IV

~ VELOCITY EFFECTS IN CORROSION

Preliminary Investigation of Mass Transfer Controlled
Corrosion of Prototype Impellers/Propellers

" Abstract - ' _' . K

Mass tra.nsfer data was o'btained for the cathodic polarization

- of three. different vertically mounted brass propeller/ impeller

shapes: a 3.81 cm diameter cylinder 36 83 cm long, & flat blade

v 0. 635 em by 5.08 em by 36.83 cm, and a pitched blade with the same

dimensions as the flat blade but with a 10° pitch. The potential

for the me.ss transfer limiting cnrrent was determined to be 956

millivolts negative to e silver/ silver chloride electrode for the
3 5% NaCl solution at 21°%.

'I'he average Sherwood numbers ‘determined for Reynolds numbers

v 'from 9,900 to h3 000 were of the form' X
0.614

5, ylinder =135 Re

— o 0.731 .

: hflat blade 0. 3% Re -
'é‘h 0.631

pitched 'bls.de ; = 1. 2h Re -

'I‘hese correla.tions permit conservative estims.tes of maximum
"‘corrosion rates under the conditions of test, a.nd ﬁirnish quantita- .
tive information on’ cu.rrent requirements for ca.thodic protection. |
",V_iThe systematic s.nd predicta'ble correlations o'btained indicate that .
_- 'vit is practical to test more compliceted systems 3 a.nd even actua.l -

T; B propellers and impellers, to obtain correlations which will be useful

“for design and scale up purposes.' :




,Introduction

Bigh velocities » even attaining sonic flow ’ are reached in.
‘ processing geothermal fluids, due to high pressure drops or to flash-, ’
: ing of hot brine. In nozzles, orifices, valves ’ in hea.t exchangers
and _flotr lines-, such high velocity flows can cause accelerated cor-
rosion.” It is desirable therefore to understand the relation between
flow ",ve'lo‘c'ity and corrosion in order to evaluate effects eand design |
| : accordingly, E | " - ‘ |
: Research conducted o'verv a period of years has shown that in |
.many systems_ the-» corrosion of metal in & moving fluid is controlled
by mass transfer processes ‘in the v-f_luid (Cornet, et al., 1961, 1969a;
‘Makato, et et al., 1968) Mach of this early-Vork has involved aerated
systems ,v where access of oxygen to the metal surface results in
cathodic reduction of oxygen to form hydroxyl ions. This cathodic
f:reaction determines the rate of" the anodic or corrosion reaction. 7 |
Recent work has shown that in non-aerated systems also convective
Vns.ss transfer in the fluid may control corrosion (El1ison, et al. .
‘1971;) e
‘l‘ypically where a metal has 1itt1e scale or oxide cover to act

L _ ’as a difi‘usion barrier , mass transport through the fluid pbase is .

more . likely to affect the corrosion rate. Quantitative relationships

: have been obtained for simpJ:e geometric shapes ) such as discs (Ellison, . i
| bv’et al. s 19{1) N cylinders (Cornet, et al. » 1969'b), and cones (Kappesser,

: - 1973) rotating in quiescent i‘luids.v Investigation in many cases is
"based on electrochemical techniques, 'because such techniques ere

o precise ’ duplica‘ble and convenient . |




metal is polarized to a protective potential and a mass
transfer limiting current is determined. The potential is a ﬁmction v
» : of the metal° thus at 25 c, steel may be protected at a potential |
i_of -O 77 and a bronze at -0. 93 volts relative to & calomel reference? :
'electrode in aerated salt solution (Cornet; et al., 1965) The
' mass transfer limiting current depends on the access of oxygen to

the metal this current is also the corrosion current in an unpolarized

syste_m. “The corrosion- rate therefore can be calculated quantitatively

- 1f the: concentration and diffusivity of oxygen in the saline solution
arevknown. Furthemore s .R%nolds analogy may permit quantitative ‘. |
correlatiOns oi‘ corrosion rates with momentum, heat ) and ma.ss trans- -
port equations. | | |

'I'o apply the la'boratory and theoretical corrosion equations to
large scale engineering design, an investigation was undertaken on

’ prototype impeller-propeller systems.

. Experimental System |

The apparatus used- in this investigation consisted of three

L different vertically mounted ‘brass propellers' & 3.81 em diameter

| _cylinder 36.83 em long, & flat”bl’ade 0.635 cm by 5_.08 cm by 36.83 cm, -
. and e pitched blade with the same ddnensions as the flat blade but

E :'_ | ‘vith 100 pitch. Each was mounted separately on a 6. 35 cm diameter
acrylic plastic cylinder with e brass female mounting shaft which
mated to the male main drive shaft. The prope]_‘l.ers vere: immersed

: in 113 liters of 3. 5‘}': NaCl aqueous solution vith a 25. L cm head. The

~-_

e .anode of the system was ‘a thin circuler sheet of titanium 1ocated at




‘the botto'n of the 113 liter conta'iner e.nd 50 cm from the propeller.

A compressed Mice.rta material lcm thick vas used to fa'bricate baffles

'_ to reduce the core velocity of the solution. ' o .
The reference electrode for the system was a silver/silver

chloride cell. The control potential and current source were pro-

vided by & Brinlonann Wenking potentiostat. |
Drive for the propellers was produced by a 1/2 horsepower A.C.

motor. The speed of rotation of the propeller was nmeasured from &

‘ 60 tooth kgear on the main drive shaft by s. negnetic pickup and an

_ electronic digital counter. ' . |

Details of the experimental system are shown in Figures 1-5.

Procedure | ’

‘The 3.5% NaCl solution was mixed the day before the experiment
- and stored overnight ina plastic covered ta.nk to allow the solution
| , to reach a steedy state with respect to the dissolved ox.ygen concen-
_ tre.tion. Fifty gallons -of city tap vater were mixed with 15 l
pounds of reagent grade NaCl to give a 3 5% solution. ‘
| The electronic counter e.nd Wenking potentiostat were: turned on '
‘.vand left :ln standby to warm up. | |

- In order to mainta.in a reproducible surface ’ ee.ch de.y the

| surface of the propeller used was polished with 500 grit aluminum

~'_,'»oxide paper and washed with city ta.p water end rinsed in distilled

o ?vater. :

'l‘he propeller ves then inserted th;rough the center hole in the

o plexigles lid and threeded hend tight on the ms.in drive shaft.




The entire drive apparatus mounted on & heavy table was raised
: three feet by -1 hoist and the working tank/baffle/counter electrode
', assembly vas positioned under the ra:lsed propeller. The drive _'
pparatus was then slowly lowered down 'back to the deck with the g |
propeller inside the working tank. See Figures 2, 5 |
The 3.5% NaCl solution was drained from the mixing tank with
e rnbber hose and into the working tank with care taken not to cause :
| splashing or other vigorous aeration. ) |
_ “Two samples, one for dissolved oxygen (p.0.), the other for
| chlorinity (Cl), were then drawn from the working tank and the solu-
*tion temperature was recorded. - o ; ‘
After the wiring and the baffle clearance were visually checked, &
: the potentiostat was used to measure ER’ the rest potential between
ithe working end reference electrode while no curient is flowing.
'i‘he first part oi‘ the experimentel work was to obtain a plot of

: the potential vs current curve o that the mass transfer limiting

‘ current and its e.ssociated potential could ’be determined. This was

o accomplished by setting potentials of i‘rom T00 millivolts to 11400

| 1millivolts on the vernier of the potentiostat and switching to I ,
“,‘:the actual working position of the potentiostat , to record the
" » -’cv.rrent.: The first run vas made at a constant h3 rpm S0 that &
uniform polarization would take pla.ce., The system ves then stopped |
v and second run of from 500 millivolts to 1250 millivolts ‘was recorded.v
| ':i g AThe initial polarization of the propeller was then reed as current

"vs time

e
Dadi NN

After the. current reached a slowly declining value .2 ma per
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30 second period, the apparatus wes 'star‘_bed at the lowest rpm and

- the currexit read. For 10 rpm increments, there was no change in

- the value of the current vs time ) 8O that the" reading of current
could be taken directly after the reading of rpm. |
v This iterative process continued until the drive motor of the
‘app’ara:fus stalled, at which time the sysﬁem was shut down. -
" Pwo additional samples for dissolved oxygen and chlorinity
were taken w1th1n minutes after shutdown ’ but still the froth from '>

the high rpms had .settled to a point that the entralned air in the

5 solutien could not be obtained for analysis. The finel solution

 temperature was recorded.

The kpropeller and drive assembly were then hoisted clear of the

c-golution and washedvdown. b'l‘he solution was either drained or covered

- for the following dayb's use.

The dissolved oxyzen and chlorinity sa.m’ples were then imedie.tely

enalyzed. -

*Results and Discussion

~Be§resentative current-voltage data are shown in Figure 6, for

potentia.l sweeps at 0 end h3 rpm There are two scales for the

a.hscissa. There is a,rbitrariness in seleetion of O. 950 vnlts

(negative to Ag-AgCl electrode) as the potential at which J.imting

_ '-current is o‘btained but even SO, “the limiting current is determin-
. eable within x 3% The in'egu]arities in the curve at the inflection

may a.ctually imply stepwise reduction of oxygen to hydroxyl ion,

bnt there was no attempt to exanﬁ.ne sm:h mechanisms. s




Data. o'btained was next converted to a mass transfer coefficient,
ma/ (cm ppmoz) R plotted againot RPM in Figure 7. ] |
The data vas then converted to Sherwood Number vs Reynolds N
Numhers, Figures 8 9, 10 and a.ttempts were made to correlate w:ith
yarious e_quations in the literature. ‘

‘ E;npi‘ricalv e:‘inations obtained are shd#n in Figure 8. Correlations

- for the cy.l:lnder ,prop_eller are shown in Figure 9, and for the‘ hori-
' zontalv ﬂat blade 'propeller in Figure ]F_O.v No attempt has been made
. 'to-‘ta.ke into account' the effect of the baffles on the ‘mass transfer,
althought'baffles are known to affect the hydrodynamic performance

and therefore would affect heat and mass trans_port (D2ily end Ne'ce s

: 1960)

‘Correlations with various two dimensional model ejuations for

' ‘t:he rotating cyllnder and flat blade gave agreement generally within
E + 300,5, vhich may be cons:Ldered reasona’ble inasmuch as the effect of

baffles was neglected; The effect of the 10 pitch has not been

- fully. rationalized as yet.

‘ Ma.ss transfer information of the type o'btained here has been
shown to corre]ate directly with maximm corrosion rates, and also
: ,with the current required for cathod:.c protection to prevent corrosion.’ _
o ‘_ !|'3he systemtic and predlctahle changes measured in this investiga-
ey tion are encourao'ing in that they warrant further research ‘with
‘ V'I-fle.t 'blades at different engles of attack and sm:sequently with
" j‘j imeller and prope]_'l.er systems The assurance that corrosion effects
: ean be rationalized and predicted will permt rational design and

-

o scale wp of components.

L
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Conclusions

Prototype impeller/propeller shapes were rotat.ed in a.erated

: _'3 5% salt solutions at 21° c and polarization curves . obtained For

a ra.nge of Reynolds numbers from 9,900 to 43 ,000 the average Sherwood

numbers were:

061

Shcylinder =1.35 Re
— | 0.731
Sheynt blade = °‘3‘58 Re

Bh o =124 %63

pitched blade - , v o
'.[‘hese' correlatiorxs agreed vith.;m':l- 30% witlr ‘predict':ions of two
dimensional models, even ’chough the effect of 'ba.ffles in the vicinity
of the rotating shapes was not taken into account. '
Mass transfer increased as a power of Reynolds Number. The
systemtic re]ationship warrants further investigati’on s to permit

interpolatioﬁ rather than unproven extrapolation for design purposes..

o o ——————— s Y5 e ot % e N )
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