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ABSTRACT 

One of theprincipal causes of subsurfacefailures is corrosion. 
Corrosivity of wellfluids is primarily relatedto hydrogen sulfide 
and/or carbon dioxide gases in the produced water. Optimum 
utilization of corrosive-resistant materialsfor componentparts 
of sucker rodpumps has been the more economicalpractice in 

Exxon’s operation as compared with the use of corrosion 
inhibitors and less expensive metals. Past performance ofpump 
part metals was studied to provide guidelines in upgrading the 
pump part metallurgy. Using a computerized data bank, over 

8,000 pump runs were analyzedfrom 26 major folds within the 
West Texas and Oklahoma areas, most of which contained 
hydrogen sulfide in the produced fluid. General guidelines for 
pump part metals selection were established. The study 
indicated that average pump part service of at least I2 months 
should be expected with proper metallurgy selection. 

INTRODUCTION 

One of the principal causes of subsurface pump 
failures is corrosion. Pump corrosion is water 
dependent, and damages normally occur when the 
produced fluid contains greater than 20% water. The 
corrosivity of well fluids is primarily related to the 
amount of hydrogen sulfide and/ or carbon dioxide 
gases dissolved in the produced water. There is a 
choice in the selection of metal components used in 
subsurface pumps for handling the corrosive fluids: 
one may use (1) inexpensive pump metals and 
depend upon corrosion inhibitors for protection or 
(2) pump metals and alloys that are sufficiently cor- 
rosion-resistant to the acid gases. Optimum 
utilization of corrosion-resistant materials has been 
the preferred practice in Exxon’s Midcontinent Div- 
ision, as corrosion inhibitors have not provided a 
high degree of pump protection. Corrosion 
inhibitors are adversely affected by the mechanical 
action of the barrel, plunger and valves, and higher 

fluid velocities within the pump. Also, with certain 
pump designs, some pump parts are not sufficiently 
contacted by the inhibitors. 

This study was made to provide a basis for im- 
proved selection of pump part metals for sour brine 
service. Past performances were used to establish 
guidelines in upgrading pump part metallurgy to 
increase service life. 

COMPUTER DATA BANK 

The basis of this pump study was data accumulat- 
ed in a computerized data bank for the period of six 
years, 1969 through 1975. The computer file, one of 
several for artificial lift surveillance,’ was develop- 
ed and maintained through the use of two simplified 
field entry forms. Figure 1 is an input form for re- 
cording data associated with a pump installation 
(run) and Figure 2 is an input form for pump service 
(pull). The forms are completed by the pump 
company repairing the pumps. 

The input form for a pump “run” provides data’ 
on the proper pump identification and pump 
metallurgy. Recorded on this form are the lease and 
well number, “run” date, API pump classification, 
metallurgy of each pump component, and other 
pertinent information as shown in Figure 1. The 
pump “pull” record (Figure 2) provides identi- 
fication data similar to the “run” report; and in 
addition, it indicates the failing part and the cause of 
failure. Code numbers are used for metallurgies and 
failure types. Both reports are required to con- 
stitute a completed pump record for analysis. 

The computer data bank is built from data on 
input forms. The data bank is assessed with a 
computer program to collect and arrange the data as 
required for analysis. For this study, the average 
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ISTRICT 

SUBSURFACE PUMP SERVICE REPORT 

FIELD SUPERINTENDENT k I N 6 

LEASE NAMi 

PUMP STATUS (101: PUMP NUMBER (ll-lb) 

0 PUMP WAS* PUMP SHOP 

2 PUMP WAS PULLED 

I PUMP WAS PULLED AND JUNKED TOTAL PUMP REPAIR COST - DOLLARS 141.441 

FIGURE I-DATA FORM - REPLACEMENT PUMP 

lives of failures and non-failures by metallurgies 
were summarized for the barrels, plungers, valves, 
cages, and pull rods or pull tubes (Table 1). Guide- 
lines for pumppart service by metallurgies were 
based primarily on the service life of failing parts. 
Service life of non-failures was considered when 
such life exceeded the service life of failing parts. 

TABLE I~SUBSURFACE PUMP: COMPONENT PUMP PART 
LlFE AND METALLURGY 

Dlstnct. c” 
Field No. Number Average IVumber Average 

Pump Compnent m Iallures t,wDays Non-Fa,lurer Llf 

Barre, or Llrw Allay Steel Chr. PI,. 2 462 ii 326 

Adm. Brass Chr. Pit. 50 534 370 567 

Reg. Steel - Hardened 257 310 109 Ku 

Rq. Steel Nickel PI,. 28 540 9 112 

rota, 337 363 499 A60 

Plunger Cobalt Nickel Spray 45 515 325 480 

Hard cast Iroll “Reg. Steel 37 ?79 138 501 

N,-Hard”+q. Steel 28554 x dli 

PUMP AND PART SERVICE 

Service of pumps and parts, subsurface pump 

types, and average pumping conditions were 
summarized for 26 major fields that produce sour 
fluids (Table 2). The average of completed pump 
runs ranged from 3 to 10 months in these fields while 
the range for average part-life was 5 to 14 months. 
Pump run and part life do not necessarily relate. To 
illustrate, Field No. 1, District C, experienced a 4.5 
month average pump run and a 13.8 month average 
part life for a ratio of 0.32, while at Field No. 2, 
District B, similar values were 8.5 months and 8.7 
months, respectively, for a 0.98 ratio. This ratio gen- 
erally reflected the effect of well servicing for other 
types of subsurface failures-rod breaks, tubing 
leaks, workovers, etc.-and the field practices on 
pulling and shopping pumps for cleanup, in- 
spection, or replacement. Consequently, a low ratio 
indicates that other subsurface failures dominate 
well servicing and should receive more attention. 
Eight of the 26 fields with moderate to severe pump- 

172 SOUTHWESTERN PETROLEUM SHORI COURSE 



SUBSURFACE PUMP SERVICE REPORT 

FIELD SUPERINTENDENT k 1 r\l 6 

LEASE NAME jv ER NS s* A* 

PUMP STATUS COJ: PUMP NUMBER ,m6J[513/qj 

3 6 LEASE CODE 5 7 6 6 D-4, j j 15 j j 1 j 

MO. DAY YEA” 

1 PUMP WAS RUN PUMP SHOP xXxX* 

0 
API PUMP 

2 PUMP WAS PULLED DES. (?9.44) 
~-~~~~-~~~~~~~~~~~~[-~-~r~~ 

20 lSof?Wrj,C 240 

3 PUMP WAS PULLED AND JUNKED TOTAL PUMP REPAIR COST - DOLLARS (a-444) 

FIGURE2--DA-TA FORM -DAMAGEDPUMP 

ing conditions showed an average pump-part life on unless otherwise indicated. For each component 
the order of 12 months and greater. This would part, the two metallurgies most widely used in each 
appear to be a reasonable goal for all of the fields, specific field and their corresponding service are 
and pump metallurgy should be upgraded presented. This service represents the average life for 
accordingly. Costs of various metallurgies are parts that failed in service, except in certain cases 
generally not a major factor in metals selection since where the life of non-failed parts exceeded that of 
well servicing costs $250 to $900 per job and pro- failed parts; then the average life of both failed and 
duction losses greatly exceed the incremental costs non-failed parts is used. Figure 3 presents a com- 
of upgraded replacement parts. parison of part service and readily reveals which 

Average service life of major pump component individual components are experiencing shorter 
parts was determined and typical data are shown in service lives. These are candidates for upgrading to 
Table 3 and graphically in Figure 3. The average ser- improve service. A description of metal codes is pre- 
vice represents the service life for failing parts only, sented in the Appendix. 

TABLE 2pSUBSURFACE PUMP PERFOKMANCE: 1969 
THROUGH 1975 

olslrlct '08 "8' 'MB' "c' 
Fldd i 2 * I 

No. R""S 96 118 142 2625 

Avg. unp Run Ma"fhS 9. 6 8. 5 6. 9 4. 5 

Avg. Part SewIce Niontilr 12. 7 8. 7 12. 3 13. 8 

Ratlo ?umplPa* Llk .76 .98 56 .32 

rype Pump RWT. Rb! 8 RHT. WB WT. RV.8 R!tB, RllH 

Pump Depth Avg. Feei 5cKn 2203 25W 7ml 

H2S PPM iProd Wr., 30 303 En zml 

TABLE3pPUMPPARTPERFORMANCE:1969THROUGH1975 

blslrlc, 8' 8' 8" ,,c ,, 
Fldd I 2 I I 

sew. serv. SU". SW". 
coae Ml. C"& MI. CO& Nor. Code MO5. -~ - 

A. Pump Barre, 

Avg, =,rrv,ct Months 13 9 12 
Metals Most "IN 

1st I 15 I5 7 b 9 14 18+ 
2nd 6 6 2 13 2 IO 
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DISTRICT “B” 

DISTRICT “C” 

z 
20 

I FIELD No. 2 I 

FlGURE 3-SUBSURFACE PUMP PERFORMANCE 

METALS SELECTION 

Performance of component pump parts is 
presented in Tables 4 through 12. The parts are 
identified as to metallurgy and rated according to 
their service record as follows: 

RATING 

A-Good 

A-Qualified 
B-Fair 

C-Poor 

MONTHS SERVICE 

Over 10 months in 2 or more 
districts 
Over 10 months in one district 
8 through 10 months in one or 
more districts 
Less than 8 months in one or 
more districts 

The A-qualified rating is included because sat- 
isfactory service of a metal in one field or district 
may not extend to other areas. 

These tables provide guidelines on metals 
selection for upgrading of pump parts. Generally, 
the past performance data indicate that the best ser- 
vice for pump barrels is attained with corrosion-re- 

sistant base metals plated with chrome or nickel on 
the inside diameter. Regular steel plungers with 
spray metal coatings of chrome, nickel, and certain 
metallic carbides on the external surface perform 
well. Also, regular steel appears to be satisfactory 
for other fittings-cages, pull rods, and pull tubes. 
The best valve service is obtained with stellite, a non- 
ferrous alloy. Certain metals with lower ratings 
show good service in specific fields, and continued 
use of the materials in these fields would be prudent. 
These tables can be used to reduce the “trial and 
error” effort and expense in selecting a right com- 
bination of parts to improve pump service. 

Performance of different metals and alloys is 
discussed by pump parts below: 

Barrels (Table 4) 

Barrels of corrosion-resistant base metal, plated 
with chrome or nickel on the internal diameter have 
provided the best service in our pumping environ- 
ments. A nickel-plated, regular steel barrel has per- 
formed satisfactorily in one field. However, steel 
base metal has few corrosion-resistant properties 
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and normally should be used in mild corrosive 
environments. The plating materials are beneficial 
on wear surfaces in that they possess corrosion- and 
abrasion-resistant properties. Occasionally, erratic 
performance may be experienced with plated 
barrels due to improper application of the plate. 
Failures occur as “flaking” of the plate material or 
galvanic corrosion of the base metal part. 

The majority of our subsurface pumps are of the 
bottom holddown design, and selection of a base 
metal to resist corrosion is important to good ser- 
vice. With this type of pump, a “dead space” in the 
tubing-barrel annulus exists and extends from the 
discharge at the top of the pump to the bottom hold- 
down. Corrosion products settle in this space to set 
up concentration cell corrosion, and inhibitors 
cannot be effectively applied to the area. So, both 
barrel and tubing corrosion damage can occur. This 
is one reason that corrosion inhibitors have not 
been highly effective in controlling pump cor- 
rosion. 

Where tubing corrosion is a problem in this dead 
space, an internal plastic coating on the joint of tub- 
ing containing the pump has been successful. A top 
seal on the pump barrel can alleviate this corrosive 
area and permit the use of a cheaper base metal for 
the barrel. With pumping depth above 5,000 ft, a top 
holddown or travel-barrel design can eliminate this 
corrosive condition. 

TABLE 4~ 

*atem Hat,", 

'A' Good 

'A' QuaIlfled 

'B' 

-SUBSURFACE PUMP METALS EVALUATION: 
BARRELS 

Tnlni 

14 Brass Cllr. Pit. 5+ IO+ 18+ 15, 72C 

4 RQ. Steel - NI. Pit - - 12 12 85 
12 StaIrlIes Cllr. PK. - 13t 13t 2E 
16 Mo”d cllr. WI. 1: I3 26 
1 RFj. Steel 9+ St 9+ 363 
2 Rq Steel- Harden 6 12 9 9 to9 
3 Rq Steel Chr. PI, 8 9+ 8 267 
6 Alkw Steel - Harden 9 9+ - 9 316 
9 Spehal Alloy Harden B+ II 9 91 

‘C’ Poor 7 Alloy Steel- Chr. PI,. 61 6+ 29 
I5 hkmd 7+ 7t 59 

Not Rated 13 Al. Bronze lnrufllclent Data 
27.Sec. No-Hard Stamless InsuffIcIent Data 

+ Life of non-failed parts exceed failures; service months are 
an average of both. 

* See Appendix for code. 

Plungers (Table 5) 

Both the one-piece and composite plungers of 
specific metallurgy have provided satisfactory ser- 

vice. The tendency within the Division and In- 
dustry is to use the one-piece plunger. This trend 
probably results from the additional work required 
to manufacture and assemble the composite, dif- 
ficulties in maintaining alignment, particularly in 
deeper wells, and the slight increase of restriction be- 
cause of the smaller I.D. of the plunger tube. 

The spray-metal (Cobalt-Nickel), one-piece 
plunger has provided the best performance record of 
the one-piece plungers. Two types of spray-metal 
plungers are available: a plunger with the pins 
(threaded ends) protected by a plating or by means 
of a monel connector, and a plunger without 
protection. The ones without protection have 
performed better than the plungers with corrosion 
resistant pins. This may be due to a reduction in pin 
strength caused by the metal spraying process or, in 
the case of those with a monel connector, a 
reduction of metal strength. Of the composite 
plungers, the nickel cast iron (Ni-Hard) has per- 
formed satisfactorily. The cast iron (regular and 
hard) has provided good service in one District. 

TABLE 5-SUBSURFACE PUMP METALS EVALUATION: 
PLUNGERS 

‘A’ Gco” 17 coL!alt-til. spray li id+ 141 121 877 
26-S%. NI-Haru- Reg. Steel 8+ 16’ 134 280 

‘A’ QuaIlled 20.sec. c. I, Reg. Steel I6+ lb+ 175 
23-Sec. KC. I. Rej. Skel 13* 13+ 97 

‘8’ Fair 2 Reg. Steel Haraen 101 10’ 76 
18 Cobalt-NI. Spray CRP 7+ ,I* 9 101 536 
24-S%. H.C. I. Sta,nlers 8 a 27 
30.sec. StaInless sta,n,err lOi lo+ 70 

1C’ B Alby 51. N,. w. 7 7 23 

Not Rated -! Req. Steel lnsufflcleni Data 

Balls and Seats (Tables 6 and 7) 

Performance data in the tables reflect either ball 
or seat service, whichever failed first. The ball and 
seat are considered as one unit since they are 
generally replaced as a unit. The service data show 
that the stellite (cobalt, chrome, tungsten non- 
ferrous alloy) provides outstanding service and is 
most widely used within the division. In one shallow 
field, Field No. 2, District B, the monel valve has 
performed well in a very sour environment. Care 
should be exercised in the application of monel be- 
cause it is a relatively soft metal and will deform 
under heavy loads as encountered in deep wells. Its 

S”“,HWES,ERN ,‘E,ROl.EUM SHORI COURSE 175 



hardness is about R35 as compared to R58 for TABLE 8-SUBSURFACE PUMP METALS EVALUATION: 

Stellite. TRAVELVALVE-CAGE 

In some fields, a cheaper ball (tool steel or 
stainless) with a very hard tungsten carbide (R,72) 
seat is used. No improved valve performance has 
been apparent with this combination, primarily 
because a failure of either part required a service job, 
and generally, both parts were replaced. 

TABLE 6-SUBSURFACE PUMP METALS EVALUATION: 
TRAVELVALVE-BALLSANDSEATS 

Total 
Average Sewce Months No. 

olstrll rota1 R”“S 
,, II A ‘B” ‘C” - 

‘A’ G2.2 52 Stelllte 12t 15 13t 1082 

‘A’ Qualified 15 Monel Ill Ilt IIt 75 

‘B’ - Fa,r 9 Sper Alloy- Harden 81 *+ 81 267 
54 Tun~slen Carbide 5+ 81 6+ 8’ 271 

‘C’ PWI 10 Stainless 329 & 414 74 7+ 313 
55 sta1”less 44) c&A 5t IO+ 6* 307 

Nat Rated 52 T,,an,um rarb,de ,nr”f,lclenl IAt.3 

11, Hardness 27135 Rc Mt rutted for heavy bads 

+ Me Of non-,a,,eu parts eKeed* Iallures: ser”,Ct months are an average 01 tdh. 

TABLE 7-SUBSURFACE PUMP METALS EVALUATION: 
STANDINGVALVE-BALLSANDSEATS 

TOk 
Metal 

,v,ater,al Rat,ng Code 
Average Serv,ce - Months No. 

olstrlct Total Runs 
A’, ‘B’ “C’ 

n 9 Spec. Alloy Harden 8+ 8’ 171 

‘C’ PWI 10 Stainless 329, 414 7+ 7’ 
54 Tungsten CarbIde 3+ 8’ 7’ % 
55 Sla~nlerr 440 C&A 4+ ll+ 51 303 

Not Rated 53 T,tan,um CarbIde ,nr”l,lc,ent Data 
2 Reg. Steel Harden lnsufflclent Data 

11, Hardness 27135 R, t&t sulted lor heavy loads 

+ Life of non-fa,,ed parts exceeds fa,lures: serv,ce months are a” averageof toth. 

Other Fittings-Cages, Couplings, Pull Rod, and 
Pull Tube (Tables 8 through 11) 

Regular steel metallurgy .has provided sat- 
isfactory service for the other fittings and is used 
extensively within the division. Naval brass has per- 
formed well in Field No. 2, District C, under dif- 
ficult pumping conditions. This metal has good cor- 
rosion-resistant properties but is a softer metal with 
less strength than regular steel. 

Upgrading Pump Parts 

Component parts that are candidates for upgrad- 
ing (less than 12 months average service life) were 

iota, 
Metal DeSC~lpllO~ Average Serwce - Months I\b. 

Matem Ratmg Code * E OlSlllCl Total Runs 
“A’, “E” “C” - - 
- - - 

‘A’ Gmd 32 Reg. St Reg. St 12t 14t 13 13t 654 
33 Reg. St. ,nsert 8+ lb+ I,+ a5 

13+ 56 
224 19 
12t 244 
12+ 282 

‘A’ QuaIdled 

‘B’ - Fa,r 

‘C’- 

37 Alloy St Insert 13t 
41 StaInleSS Insert 22t 
44 Brass Brass 12+ 
45 BraSS Insert 12i 

34 Reg. St Spray 
36 Alloy St Alloy St 81 
44 SlaInleSS StaInless 7+ 
48 tVtJ”el MOIW! 

43 Stainless Rubber 7+ 

B+ 
II+ IO+ 
10 
101 

8+ 57 
LOi 299 
8* 89 

lot 131 

7+ 122 

+ Me of non-Wed parts exceeds la~lures; sewce months are d” average of both. 

TABLE 9--SUBSURFACE PUMP METALS EVALUATION: 
STANDINGVALVE-CAGE 

Total 
Metal Description Average Serum-Months No. 

Mahal Rat,“9 J@ 5 Guide Distrlcl TObl Runs 
“A” “B” “C’ 
- - 

‘A’ - Goad 

_ - 
32 Rex St Reg. St lO+ 14+ 13+ 13+ 879 
33 Rq. St Insert 8+ lO+ 13t 11t 289 
36 Alby St Alloy St 8t 12+ ,I+ 352 

,A’ Qualtlled 37 Alby St I nrerl lb+ lb+ 48 
44 BGlSS Brass 13t 13+ 571 
45 Bra** Insert - 14t 14t 314 

‘B’-Falr 34 RE?. St Spray 8+ 8t 43 
38 Alby St. spray - lo+ lo+ 64 
4% hmel MOW 101 - 10t 96 

‘C’ mar Q) St~,“kSS Slalnlerr 4t 101 - 7+ 66 
43 Stainless Rubber 4+ *+ 50 

Not Rated 41 Stainless Insert Insufficient Data 

+ tdeof non-failed parts exceeds failures; sewce months are an averageof tnth. 

TABLE IO-SUBSURFACE PUMP METALS EVALUATION: 
TOPPLUNGERCAGEOR UPPERPULLTUBECOUPLING 

Total 
Metal Average Serv,ce Months iw. 
J@ Material Ratmg D~SC~lphO” Dlstrlct !oy & 

‘,A’, “B” “C’ 

‘A’ - Good 1 Reg. Steel 8+ 14+ 14 131 1503 

‘A’ -Qualified 6 Alloy St - Harden 11* Iit 39 
10 StallleSS ,4+ - 14+ 21 
13 Brass 13 13 56 

‘B1-Falr 5 Alloy Steel 12t 64 lo+ 203 
15 Mow 9+ 9+ 142 

‘Z’ Pool 2 Reg. Steel 5t 101 9t 71 180 

Not Rated 14 Al. Er. Chr. 211. lnsufflclent Data 
32 Reg. Steel Reg. Steel lnlulflclent Data 

+ Life 01 non-failed parts exceeds la~lures, SBIYICB monlhs are an l”elilge of both. 

TABLE II-SUBSURFACE PUMP METALS EVALUATION: 
PULLRODORTUBE 

TOM 
Metal Average Seruce - Months M. 

Matem Ratmg Code Der‘liptlO” Dlstrlct Total R”M - - - “A’, ‘,B” “C” 

‘A’ Cad 1 Reg. Steel 7+ 131 L4+ 13+ 1B65 

‘A’ - (iualdled NUNE 

‘B’ 5 Alloy Steel I,+ 6t IO+ 228 
I5 Mane, 10 10 84 

‘C’ Pwr 2 Req. Steel - Harden 6+ 6i 6+ 137 
6 Alloy Steel - Harden 61 6+ 31 

Not Rated 13 Brass or Al. Br. lnsuffl‘lent Oata 

+ ldeof non-falled parts exceeds la~lures. %r”,ce “wnths are an average of both. 
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summarized by fields (Table 12). All 26 fields had 
pump parts that were candidates for upgrading, 
even those with average service equal or exceeding 
12 months. In several fields only one part would re- 
quire attention, but in nine fields all components of 
the pump had poor service records. 

TABLE I2--SUMMARY OF UPGRADE CANDIDATES 

I. Fields with Average Pump Service of 12 months or greater 

Districf Field Problem Parts 

“B” 1 3~’ Valve 
3 St& Valve and Plunger 
4 Barrel 
5 Barrel 
8 Barrel 

15 Barrel and Plunger 

I I. Fields with Average Pump Service of less than 12 months 

Districf Field Problem Parts 

“B” 2 All components 
6 Barrel and Plunger 
7 Plunger, Valves, Travel Valve Cage and 

Top Cage 
9 Valves 

10 Barrel, Valves and Cages 
11 All components 
12 Barrel, Plunger, Std Valve and Cage, 

and Top Cage 
13 All components 
14 Std Va.lve Cage and Pull Rod 

A table like that presented in Table 3 can serve as a 
guideline in appropriate metals selection for upgrad- 
ing. To illustrate the table’s use, under “Pump 
Barrel” in Field No. 1, District B, metal code No. 1 
had provided 15 months average service as 
compared to 6 months for metal code No. 6. Thus, 
greater use of metal code No. 1 should improve 
barrel service. The “pump barrel” at Field No. 4, 
District B, had a short service life of about 9 months 
and only metal code No. 6 had been used. Selection 
of another metallurgy from Table 4“Barrels”would 
be recommended for evaluation. In summary, utilize 
existing metals that have performed satisfactorily in 
specific fields. If there are none, select other metals 
that have performed well from Tables 4 through 11. 
This approach can reduce the “trial and error” effort 
and expense in selecting the right combinations of 
pump parts for service improvement. 

PUMP SURVEILLANCE 

For proper surveillance and improvement of 
subsurface part performance, it is planned to review 
pump data on an annual basis by computer analysis. 

sOU,“wES,ERY PE,ROI.EUM SHORT COURSE 

Generally, metals selection has been at the dis- 
cretion of the pump company or the shop, with 
limited input from Exxon. The application of dif- 
ferent metals has been made experimentally. Now 
sufficient data is available to provide suitable guide- 
lines as to proper metals selection in most fields. It is 
believed that, by combining our pump data with the 
pump company’s information, further 
improvements in metals selection and, ultimately, in 
total pump service can be attained. 

CONCLUSIONS 

1. Average pump-part service of at least 12 
months should be an attainable goal, and 
pumps should be upgraded accordingly. 

2. Past performance data provides guidelines 
for upgrading pumps. General guidelines 
for pumppart metals selection are as follows: 
a. Barrels: Chrome or nickel plate on a cor- 

rosion-resistant base metal. 
b. Plungers: Spray-metal coatings on a reg- 

gular steel-base metal and unprotected pins. 
c. Valves: Stellite. 
d. Cages, couplings, pull rods, and pull tubes: 

Regular steel. 
3. A low ratio of average pump run to average 

part life in a specific field indicates that ser- 
vice jobs other than pump failures dominate 
well servicing costs. 
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APPENDIX 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

Pump Metallurgy Codes 
Regular Steel-No Hardening 
Regular Steel-Harden 
Regular Steel-Chrome Plated 
Regular Steel-Nickel Plated 

One Piece Barrel 

One Piece Plunger 

Pull Rod 

Alloy Steel 
Alloy Steel-Harden 
Alloy Steel-Chrome Plated 
Alloy Steel-Nickel Plated 
Special Alloy-Harden 
Stainless Steel 

Top Cage 
Stainless Steel-Harden 
Stainless Steel-Chrome Plated 

Valves 
Brass or Aluminum Bronze 
Brass or Al Brz-Chrom Plated 
Monel 
Monel-Chrome Plated 
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17 Cobalt Nickel Spray 
18 Co-Ni Spray-Cor. Resis Pins 
19 Other 
20 Cast IrorFRegular Steel 
21 Cast Iron+*Alloy or Stainless 
22 Cast IrorVBrass or Monel 
23 
24 
25 
26 
27 
28 

Liner Barrels 

& 

Sectional Plungers 

Hard Cast IrorFRegular Steel 
Hard Cast Iron*“Allov or Stnls 
Hard Cast IroW*Bra& or Monel 
Ni-Hard**Regular Steel 
Ni-Hard**Alloy or Stainless 
Ni-Hard*” Brass or Monel 

29 
30 
31 

;: 
34 
35 
36 

Stnls Steel**Regular Steel 
Stnls Steel**Alloyor Stnls 
Stnls Steel”*Brass or Monel 

Regular Steel**Regular Steel 
Regular Steel** Insert 
Regular Steel**Spray 
Regular Steel**Rubber 
Alloy Steel**Alloy Steel 

37 
38 
39 
40 
41 
42 

Cages 

43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

Valves 

Alloy Steel**lnsert 
Alloy SteelYpray 
Alloy SteeVRubber 
Stainless SteeWStnls Steel 
Stainless Steel** Insert 
Stainless SteelYpray 
Stainless SteeFRubber 
Brass or Al Brz**Br or Al Brz 
Brassor Al Brz**lnsert 
Brass or Al BrzYpray 
Brass or Al Brz”*Rubber 
MonelYv?onel 
Monel** I nsert 
Monel**Sprav 
Monel**R’ubber 
Cobalt-Chrome Steel 
Titanium Carbide 
Tungsten Carbide 
Spec. - Stainless 44OC, 44QA 55 
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