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In the Sucker Rod Handbook No. 489 published by Bethlehem Steel 
Company in 1958, four 
are shown. 

total fluid produced from varying depths 
Curve A was presented by Bruce Robinson in 1935 in 

"Economics of Pumning" and was published in API Drilling and 
Production Practices in 1935. He assumed the maximum allowable 
stress was 27,000 psi. The curve is a straight line and shows 
that 800 BFPD could be produced from 2,000 feet and that over 
200 BFPD could-be produced from 7,000 feet. 

Curve B limited rod stress to 30,000 psi and limited stroke length 
to 74 inches. This allowed 1,000 BFPD to be lifted' from 3,000 
feet and over 200 BFPD to be nroduced from 7500 feet. 

Curve C showed the fluid that could be produced with longer strokes 
and a maximum all.owable stress of 35,000 psi. This allowed 900 
BFPD to be produced from 5,000 feet and 200 BFPD from 10,000 feet. 

Curve D is from 
McCamman , 

"Some Limitations of Rod Pumping" by Kenneth T. 
presented at the API Division of Production, Pacific 

Coast District meeting in May 1948. This curve indicates the 
theoretical limitation if maximum loading could be 40,000 psi. 

Curve D indicates that 1200 BFPD could be produced from 5,000 
feet and over 200 BFPD could be produced from 11,000 feet. 

Present day technology allows maximum sucker rod loading to be 
50,000 psi, and air balance pumping units are available with stroke 
lengths of 240 inches, beam capacities of 47,000 pounds and gear 
reducers that have a torque capacity of 2,56O,OOO inch-pounds. 
Sucker rods with a diameter of 1.125 inches are available. A.F.I. 
RP 11L supplies data on 1.25 inch rods, but these are not manufact- 
ured at this time. 

Each manufacturer of subsUrface sucker rod pumps calculates allcw- 
able setting depth differently. The APT committee on standard- 
ization of produc%ion equipment has appointed a task group to come 
up with API recommended pump setting depths. These should be avail- 
able in one to two years. The pump setting depths that I will use 
in this study were supplied by Harbison-Fischer Manufacturing 
Campany, and they assume that the yield strength of the pump barrel 
material is 75,000 psi and that the fluid being pumped has a snecific 
gravity of 1.0. 
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Wnenever the engineer and operator are designing a new beam pump- 
ing installation, they should aSS!JiTE that the well will make 
slightly more or slightly less than present data indicates. Once 
the weI. stabalizes, the pump displacement can be increased by 
increasing the size of the sheave on the primemover. Capacity can 
be decreased by decreasing the pitch diameter of this sheave, if 
the v-belt drive has been properly designed. 

Thirteen generalized design rules-of-thumb follow: 

1 L. 

2. 

? , . 

1 +. 

Maximum recommended pumping speed, N = 0.35x1.125x245,000/ 
pump depth, feet. 

Fini.mum recomme,nded punning speed, N = 0.20x1.125x245,000/ 
pump depth, feet. 

Maximum recommended design stroke length, inches = 0.30x 
70500/(maximum recommended pumping speed,SPM)squared. 

IVaximum allowable setti.ng depth of sucker rod pumps. 

TABLE 1 

a. Bottom holddown, heavy wall barrels: 

Dump Plunger diameter, in. 
maximum allowable 

wall thickness, in. setting depth,ft. 

36 
1125 
1.50 
'2'705 

2125 

0.125 
0.125 
0.188 
0.188 
0.25 
0.156 
0.25 

b. Bottom holddown, thin wall barrels: 

s:;o 0.125 
0.125 

11.538 
10; $92 
13,346 
11,569 
11,962 

7;7G5 
lO,G35 

c. Tubing pumps: 

z: 
2:75 

0.25 
0.25 
0.25 

d. Casing and oversized tubing pumps: 

9,619 

'6:::; 

2.75 

:*7': 
4175 

0.25 
0.25 

6,657 

0.25 
5,773 

0.25 
5,092 
L,122 
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Assume top holddown pumps can be run two-thirds as deep as bottom 
holddown pumps. 

5* From API RP llBR, Section 4, we find that maximum allowable 
peak stress, Sa, 
0.25 

for API grade C and grade D surker rods = 
x minimum tensile strength, psi + 0.5625 x minimum 

stress, psi. Assume minimum tensile strength for grade C 
rods is 90,COO psi and minimum tensile for grade D rods is 
115,000 psi. 

Assume minimum allowable peak stress for National-Oilwell 
EL rods is 50,000 psi regardless of minimum stress. 

Maximum calculated stress when unseating the pump will not 
exceed 80 percent of the minimum yield strength for API rods 
or 90 percent of the minimum yield strength when utilizing 
E'I, or equivalent rods. 

-- 

TABLE 2 

API sucker rod slim-hole coupling derating factors from 
S.P.E. Petroleum Ennineering Handbook, page 9-d: 

API rod 
size. in. 11 

API grade 
c Ii 

0.93 

0.97 

O.dd 

0.77 
O.d6 
0.69 
0.89 

The use of slim-hole-couplings cannot be recommended with 
National-Oilwell EL rods, or equivalent rods. 

6. The tubing will be anchored no more than 209 feet above the 
seating nipple if the casing is good and if the well does not 
make sand. 

7. The pump intake should be located at least 15 feet below the 
producing zone if at all practical. The liquid capacity of 
the natural-gas anchor will be about = area of casing-tubing 
annulus, square inches x 0.5 feet per second/9702 cubic inches 
per barrel/(12 inches per foot x 86400 seconds per day) = area 
of annulus, in.2/0.0187153. 

The gas capacity, standard ft.j/day, of this natural gas anchor 
wil be about equal to the area of the annulus, in.2 x 7000 
ft. /in.2. 3 
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If the pump displacement is greater than the gas anchor liquid 
capacity, pump volumetric efficiency will be decreased. 

If gas product Lion is greater than the gas separating capacity 
of the gas anchor, pump volumetric efficiency will be decreased. 

If the puma intake is above the producing zone, a natural gas 
anchor cannot be utilized and the liquid and gas capacity will 
be decreased. 

8. Assume that liquid will have to be lifted from the seating 
nipple when designing beam pumping installations. 

9. Assume the specific gravity of the liquid will be equal to 
the specific gravity of the formation water. 

10. If the prime mover is an electric motor, the unit should be 
equipped with-a pump-off control. 

11. The unit should be set so that the polished rod is in the 
center of the pumping tee throughou: the pumping cycle. 

12. Assume that the pump will operate at 70 percent volumetric 
efficiency. When the pump is new, if the pump intake pip- 
ing is properly designed and if the fluid does not foam, 
volumetric efficiency will be higher and the unit will have 
to be shut ,-in for part of each demand period. 

13. Recommended maximum pumping speed and stroke length versus 
pump setting depth. 

pump setting 
polished 

recommended maximum recommended maximum rod 
depth.ft. pumDing speed,SPM* -. stroke length,in.'k* travel,ft./min. 

LOO0 2: 
145 
220 

145 292 
227 363 
327 L36 
445 512 

6000 
do00 

10000 
12000 
14000 

*N,SPM = 
** s 

0.3-5x1.125x2~5,000/L = 96,468.75/L 
= 0.30%70500/N 

If desired production cannot be secured with these recommended 
combinations because the optimum pump size cannot be run, the 
stroke lenth will have to be increased and the pumping speed 
will have to be decreased. In shallow wells, casing smaller 
than optimum will require longer strokes than optimum. 
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If you need to increase the nump di.splac+ment bu: the present nunp- 
ing speed is resulting in a dyr!amometer card that, indicates that an 
increase in pumoinpr sneed wil! chtlse the 133-j range to increase 
enough to over?oad the eear reci:xrlor, what can you do? Tf ‘.he pre- 
sent pumning soeed is resulting in the minimum load either going to, 

1,s -. or anproaching zero, on the downstroke, what car, you do? .~~iyi,e you 
cannot do anything, but consider the foL!.oWing: 

1. 

2. 

? 
8 l 

4. 

5. 

6* 

If the well does not, make gas. vr,u can increase the alLowabLe 
downstroke velocity by moving the t:raveling valve to the t,>p 
of the plunger. 

You can also increase the downstroke v e lo c i t y by ru n n i n g s .i n k e r 
bars above the pump han. dling pony rod and a fuL.i. bore centriil.- 
izer. 

A tight polished rod stuffing box can decrease the minimum 
polished rod- load, as can a polished rod not cer.tralized in 
the middle of the Dumping tee throughout the pcmslng cycle. 

If the subsurface hole contains doglegs tha: result in ex- 
cessive sucker rod contlp.Lint: wear, the rod; in these sect;ior.:z 
should be equinned with cast on plastic ce:tra!ize?s. Cen- 
tralizers that contain kevlar, the material that, they make 
bullet proof vests out, of, are available. 

Small tubing and small flowlines in high v:>lume wells can 
increase the upstroke loads and decrease the dcwnstroke load.:. 

If you run tubing pumps in high volume wells, have thn +,op 
of the plunger on 2.3’75~1.75 in. t::bing pumps equipped with a 
0.625 in. sucker rod pin. Attach the plunger to the rod s!.r:tig 
with a 0.525 in. slimhole coupling and a 0.625 in. ncny rod 
longer than the maximum polished rod stroke length. A t. ? a c h 
the pony rod to the bottom sucker rod with a 0.625 in. slim- 
hole cour~ling,If a 2.875x2.25 in. tubing pump is run ut,i:izc 
0.75 in. slimhole couplings. 
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Using rule-of-thumb 7, casing design curvi!s and casing and tubing 
capacity tables, the 1iqui.d and gas capaci.ty of different 54 in. 
and 7 in. casing--tubing annulus were calculated. These are in 
table 3. 
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TABLE 3 

Liquid and gas capacity of 
natural gas anchors 

es natural gas 
capacity, anchor 

MFPD size 

149 

2; 
143 
173 
159 
137 

7x2 
7x2 
7x3 B 
7x2 

;"x:f 
7x2 
7x2 
7x3 a 

77=: 
7x3 i 
7x2 

are 
1 in. 

14.82 
12.76 

9.62 
14.37 
12.30 

9.17 
ij .49 

‘3 
28:31 
26.24 
23.11 
27.h 
25ij4 
22.20 
26.51 
24.44 
21.31 
25.60 
23.54 
20.42 
24.74 
12.68 
19.54 

casing interval 
T.D.,in. covered, f t . 

4.95 O-6800 

liquid capacity, 
BFPD 

792 
6d2 
514 

it;; 
490 
721 
611 
444 

1531 
1402 
1273 
1464 
1376 
1223 
1417 
1306 

;:z 
1258 
1091 
1322 
1212 
1044 

4.892 6800-10600 

4.778 10600-13800 

6.456 3500-4500 

6.366 4500-5800 

6.276 5mcJ-9400 

6.184. 9400-11600 

6.094 11600-13700 

Utilizing API RP 11L calculated pump displacement from 4,000 to 
14,000 feet, in 2500 foot steps were made. 
lations are shown in table 4. 

Result of these calcu- 
The pump displacements at 100 per- 

cent volumetric efficiency versus depth are also shown on curve 1. 

TABLE 4 

pump setting 
depth, ft. 
pump plunger 
diameter, in. 
rod string 
stroke length, in. 
strokes/min. 
net plunger T 
travel, in. 
PUrnD 
displacement, BPD 
pprl,lbs. 
mprl ,lbs 
peak torque,in.-lb. 
prhp 
load range,lb,, 
lrxs/h,in.-lb. 
rods stress ,psi. 

c c: 
allowable pump 
depth,ft. ' 
hydraulic 
horsepower 
counter 
balance,lbs. 
pump unseating 
stress ,psi 

4000 6500 9000 11500 

3.75 2.75 
9a 

1.75 
97 96 

200 200 740 
10.3 10.3 9.1, 

1.50 1.25 
96 86 
240 240 
8.7 7.1 

176 164 211.2 2OL 

2972 
42883 

2433 
2198323 

111.3 
40450 

2022490 

4E . 

5092 

1490 

4::;: 
2079814 

89.3 
39150 

1m9 
0.30 

709 
41492 
10039 
2063UO 

77.9 
31463 

1gg77go 
41742 

0.30 

466 261, 

29012 
1620097 

45221 
0.256 

90.2 

22548 

6657 11962 

73.5 48.4 

27003 26708 

11569 

40.7 

31376 

55788 

14000 

1098820 
41.9 

21191, 

13346 

2g.o 

30691 

55046 
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I war,t to give credit to my w:fe and f-it:;::, DC:.!-.r-.!.;; T.ec Gipson, 
for editing and tyninir; this paper. 
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