
111. AN ANALYTICAL DESCRIPTION OF THE CURRENT 
IPAA COST INDEXES OF TOTAL DRILLING AND 
COMPLETION COSTS PER WELL AND PER FOOT 

HE April, 1962, IPAA cost indexes of total drilling and 
comp'letion casts per well and per foot are computed in 

accordance with the same general scheme as was employed in the 
April, 1960, Cost Study Committee Report. First, an index of 
operator cost unadjusted for depth changes is computed. This is 
then multiplied by an index of cost adjustment for changes in the 
depth distribution of wells, and the resulting series is designated 
as the index of direct operator cost per foot, adjusted for depth. This 
index is then combined in a weighted average with the indexes of 
total payments to drilling contractors per foot drilled, both on a 
footage rate basis, and on a day rate basis. The weights adopted 
are those given by the 1959 survey made by the Cost Study Com- 
mittee: 61 per cent for direct operator cost7 27 per cent for footage 
rate, and 12 per cent for day rate. The resulting index is designated 
as the total index of drilling and completion cost per foot. This 
index is then multiplied by an index of average depth of well, and 
the product is a series which is designated as the total index of 
drilling and completion cost per well. In the following pages, the 
sources andmethods employed in computing eachindex individually 
are described and analyzed. 

A. The Index of Operator Cost Unadjusted for Depth Changes. 

The index of operator cost unadjusted for depth changes is a 
weighted index of price indexes for nineteen components of total 
drilling and completion costs. In discussing the construction of 
this index, it will be necessary to consider (1) the selection of the 
individual components of cost, (2) the sources of the price data 
used for each individual component, and (3)  the relative weights 
given to each component in computing the final index. 

The nineteen cost components are based on the twenty cost items 
concerning which cost data were requested in part H of the "Survey 
of the Distribution of Expenditures in Drilling and Equipping Wells 
in 1959" (see Appendix B), which was sent out by the Committee 
in 1960. Of these twenty items, nineteen were individual cost com- 
ponents and the twentieth consisted of all other costs. Eighteen of 
these individual cost components were included in the final index, 
the item of water costs being included in the total of all other costs, 
since the Committee was unable to develop an acceptable index for 
the price of this item to the driller. A brief description of the sources 
for, and composition of, each of these nineteen price indexes follows. 
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1. Road and site preparation. This item should include the costs 
of preparing location and access roads and canals. Suchcosts 
should include labor, transportatiofl, supplies, contract expense, 
fuels, caliche, shell, gravel, board road lumber, caffle guards, 
pilings, and the like, in addition to the cost of clearing the drilling 
location, the cost of the permit to drillthe well, costs of any damage 
to property, outlays for pilings and for driving pilings for derrick 
foundations, engineering expenses for making location, the costs of 
dikes or levees, reserve pits, rentals on roads or right-of-way, and 
digging and faing slush pits. Comparable expenditures should be 
included in offshore drilling. In order to measure changes in the 
cost of this aggregate of inputs, a composite index consisting of a 
weighted average of six price series was constructed. The six 
price series are as follows: 

a. Truck rental: the rental cost per mile of a four and onehalf 
ton truck, as given in the Accessorial Service Tariffs, Motor 
Freight Commodity Tariffs No. 6, 7-B, and %A of the Interstate 
Commerce Commission. 

b. Bulldozer rental: the hourly rental cost of atypical bulldozer, 
as given in the Accessorial Service Tariffs, Motor Freight Com- 
modity Tariffs No. 6, 7-B, and %A, of the Interstate Commerce 
Commission. 

c. Common labor: the average hourly wage for common labor 
in the construction industries, as reported in the Engineering 
News Record. 

d Supervisory labor: the average hourly wage of production 
workers in the crude petroleum and natural gas industries, as 
reported by the Bureau of Labor Statistics of the Department of 
Commerce. 

e. Southern pine timbers no. 2: a component of the wholesale 
price index (Code 0812-52) as published by the Bureau of Labor 
Statistics of the Department of Commerce. 

f .  Sand, gravel, and crushed stone: a component of the whole- 
sale price index (Code 1321) as published by the Bureau of 
Labor Statistics of the Department of Commerce. 

On the basis of advice of industry consultants, the following 
weights were given to eachseries: truck rental, 10  per cent; bulldozer 
rental, 10 per cent; common labor, 20 per cent, supedsory labor, 
15 per cent; southern pine timbers number two, 10 per cent; sand, 
gravel, and crushed stone, 35 per cent. This index does not specifi- 
cally include many items which are only of minor importance, and 
other items, such as canals and pilings, which are of importance 
only in a limited area, in this case Southern Louisiana. 
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2. Transportation. This item should include the cost of transpor- 
tation of personnel, materials and supplies, tools, casing, and other 
subsurface equipment up to and including wellheadconnections, but 
it should exclude transportation included in other items such as 
fuel, water, drilling fluids, cement and cementing services. The price 
index used to measure changes in this item of cost is based on the 
average tariff for motor freight carriage per hundred pounds for 
distances of 30 to 300 miles, applicable to drilling rig and oilfield 
equipment. These rates are taken from various issues ofMotor 
Freight Commodity Tariffs, as issued by the Oil Field Haulers 
Association, Inc., of Austin, Texas. 

3. Fuel, This item should include total expenses forfuel, inclusive 
of transportation, whether furnished from a company system or 
facility or by an outside agency, as well as any costs in connection 
with laying and recovering temporary fuel lines. The cost of fuels 
is measured by a composite index of the prices of three widely used 
fuels, as follows: 

a. Diesel fuel oil (light fuel): prices as compiled by the Inde- 
pendent Petroleum Association of America, based on low quota- 
tions from National Petroleum News. 

b. Natural gas: price in centsper thousand cubic feet, as reported 
by the United States Bureau of Mines in the annual Minerals 
Yearbook series. 

c. Propane: price in terms of the average of annual lows and 
highs, producers' contract prices for tank car lots, at Houston, 
Texas, as  reported in variousissuesofPlatt's Oil Price Handbook. 

The relative weights employed are: diesel fuel oil, 35.3 per cent; 
natural gas, 50.7 per cent; propane, 14.0 per cent. These weights 
were obtained from information on fuds used by rotary rigs listed 
in the "Rig Locator," a supplement to the Petroleum Engineer, for 
Spring, 1961. 

4. Drilling mud and additives. This item should include the cost 
of mud materials, mud conditioners, and additives such as  chemi- 
cals, weighting materials, crude or  fuel oil, salt water, etc. as well 
their transportation costs. It should include the cost of rental and 
transportation of mud hose, and of lost circulation materid. The 
price index for druingmud and additivesis comprised of a weighted 
average of the prices of six component ingredients of drilling fluids: 
barite, 45 per cent; bentonite, 15 per cent; thinner, 10 per cent; 
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starch, 10 per cent; C.M. C., 10 per cent; and lost circulation ma- 
terial, 10 per cent. The prices were obtained from the producing 
firms, and are F.O.B. warehouse, Houston, Texas. The weights 
were estimated with the aid of industry consultants, and were 
checked against the drilling fluids programs for deep wells in Pecos 
County, T e ~ a s . ~  

5. Well site logging. This item should include the cost of well site 
sample and core analysis and mud logging operations. This cost is 
measured by an index giving equal weight to the price indexes of 
two services: (1) core analysis (conventional analysis, 30sarnples), 
and (2) mud loggimg for a 45day  period. These prices were ob- 
tained from a commercial laboratory doing core analysis work. 

6. All other physical tests. This should include the costs of drill 
stem testing, caliper logs, side wall testing and sampling, and the 
like, but should exclude production testing. This is measured by a 
weighted average of the prices of two services: (1) sample taking, 
for 15 samples at 5,000 feet, onethirdweight, and drill stem testing, 
two-thirds weight. Price data and relative weights were obtained by 
consultation with leading firms in the field. 

7. Formation logging, This item should include temperature 
surveys and all types of well Iogs performed for the purpose of 
formation evaluation, such as electric, radioactive, and sonic 
logging. The construction of the requisite price index was rather 
difficult because of rapidly changing technology during the period 
1947-1960. After consultation with petroleum engineers, assump- 
tions were made relative to the use of various types of logs in each 
year. For the period 1947-1951, the index is based solely on the 
price of electrical logging. For the period 1952- 1954, the index is 
based on the prices of electrical and gamma ray-neutron logging. 
For the years 1955-1956, the index is based on the prices of 
electrical, gamma ray-neutron, and induction logging. For the 
period 1957-1961, the index is based on the prices of electrical, 
gamma ray-neutron, induction, and sonic logging. All prices 
were obtained from firms in the industry, and are for a first survey 
at 5,000 feet. Data on the number of wells logged by each method 
in each year were also obtained from firms. On the basis of the 
assumptions that 90 per cent of d l  wells drilled make use of pri- 
mary logging, and that approximately 15  per cent of new wells also 
use auxiliary logs, separate sets of weightsfor each year since 1951 
were computed and applied, in order to measure as accurately as 
possible the changes in per well expenditures for logging. It was 
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further assumed, in order to make such weighting calculations, that 
all electric and induction logging is primary, that all sonic logging 
is auxiliary, and that gamma ray-neutron logging (also used on 
workovers) is two-thirds primary and one-third auxiliary, 

8. Directional drilling service. This item shodd include directional 
drilling services and directional surveys. The index is based on the 
total charges by a representative firm for a typical directional 
drilling service for a period of 17 days, including the survey 
charge for a depth of 4,042 feet (the average depth of wells in 1959). 

9. Perlorating. This item should include the cost of perforating 
casing, whether by gun, shaped charge, casing cutter, or otherwise. 
The price index is based on the price of perforating services by a 
major firm, for 50 shots at 5,000 feet. 

10. Formation treating. This item should include formation 
treating such as formation fracturing, acidizing, shooting, open 
hole formation perforating, gravel packing, sand control, surface 
tension control, and the like. The price index is based on the prices 
of a standard fracturing unit at 4,000 feet, 65 per cent weight, and 
acidizing, including 5,000 gallons of acid, 35 per cent weight. 
Prices and weights were determined by consultation with leading 
firms in the field. 

11. Cement and cementing service. This item should indude 
the cost of cement, including the transportation of cement and 
equipment, and the cost of cementing service. The price index is a 
weighted average of the prices of cementing service at 4,000 feet, 
50 per cent weight, and the price of bulk cement, in 100-pound 
sacks, neat, including service charge, 50 per cent weight. Prices 
and weights were determined by consultation with leading firms in 
the field. 

12. Casing and tubing. This item should include casing, tubing, 
tubing packers, liners, casing and liner couplings, screens, liner 
packer and lead seals, liner hangers, and the like. No appropriate 
index of the price of oilwell tubing is to be found. Theindex is 
therefore based on the prices of oilwell casing, carbon, 80 per cent 
weight, and oilwell casing, alloy, 20 per cent weight, as reported in 
the wholesale price index of the Bureau of Labor Statistics (Code 
101459.01 and 101460.01 ). The relative weights were derived 
from data in Table 9 of "Trends in the Oil, Gas, and Water Well 
Drilling Machinery and Equipment Industry,"U.S. Department of 
Commerce, Business and Defense Services Administration, Novem- 
ber, 1960. 
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13. Special tools rentals. This item should include rental of 
equipment and tools for all purposes other than transportation. 
This would include such items as special fishing tools not normally 
supplied by the drilling contractor, core barrels, special casing 
tools, and the like. The price index is a weighted average of three 
representative price series: special tools, for an eight-hour tour, 45  
per cent weight; core barrels, 5% inch outside diameter diamond, 
10 per cent weight; and fishing tools, common overshot, 5 inches 
to 6% inches, for a threeday average period, 45 per cent. Prices 
and weights were determined by consultation with leading firms 
in the field. 

14. Drill bits and reamers. This item should include the cost of 
drill bits, reamers, and associated services. This item is measured 
by the price index for rock bits, acomponent of the Oifield Machin- 
ery and Tools Index (Code 115-41.03) of the wholesale price 
index of the Bureau of Labor Statistics. 

15. Wellhead equipment. This item should include casing and 
tubing hangers, flow line connections at the wellhead, pressure 
gauges, valves, flow beans or chokes, etc., but should not include 
the cost of surface equipment beyond the wellhead. This series is 
measured by a weighted average of the price indexes of wellhead 
assemblies, 83.05 per cent weight, and tubing heads, 16.95 per 
cent weight. The price indexes are components of the Oilfield Ma- 
chinery and Tools Index (Codes 11 5 1-7 1.02 and 11 51-7 1.03) of 
the whoIesale price index of the Bureau of Labor Statistics. The 
relative weights are based on the pdcesof a typical wellhead assem- 
bly and tubing unit, as quoted by a representative supplier. 

16. Other equipment and supplies. This item should include 
items not included in other categories, such as stabilizers, coreheads, 
casing scratchers, casing centralizers, swab rubbers, non-retrievable 
cement retainers and plugs, casing float equipment such as float 
shoes, guide shoes, float collars, etc., stage collars, and similar 
items. This item is measured by the Oilfield Machinery and Tool 
Component (Code 1151) of the wholesale price index of the Bureau 
of Labor Statistics. 

17. Plugging. This item should include the cost of plugging back, 
cutting and pulling casing, plugging and abandoning, and cleaning 
up the location. This item is measured by an index giving equal 
weight to the price indexes for cement and cementing services (item 
number 11, above) and construction wages for skilled labor, as 
reported by Engineering News Record. 
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18. Supervision and overhead. This item should include super- 
vision, overhead, well sitting and service directly assigned to a 
particular well, including geologist, engineer, mud engineer, and 
other personnel assigned to the well on apart-time or  full-time basis. 
This item is measured by an index based on the average hourly 
earnings of crude petroleum and natural gas production workers, 
as reported by the Bureau of Labor Statistics. 

19. All other expenditures. This includes the coast of water (total 
cost of fresh water, including transportation and treating expense, 
and cost of water wells drilled) and all other items not specifically 
listed above, including such costs as those incurred for special con- 
tract services not listed above. For this miscellaneous category, the 
wholesale price index for "all commodities other than farm and 
foodsn was used, as reported by the Bureau of Labor Statistics. 
It is to be expected that any bias which may occur will be in the 
direction of an understatement of price increases. 

The relative weights used to combine these nineteen cost items 
into a composite index were obtained from the survey made by the 
IPAA in 1960 of the distribution of expenditures in drilling and 
equipping wells in 1959. Forty-two producers provided data for a 
sample of the wells they drilled in 1959, the most recent year for 
which data were available. These forty-two firms participating in 
the survey drilled a total of 8,201 wells in 1959. The quota of wells 
for which detailed information was requested from each firm was 
set at 10 per cent of the total number of wells drilled by each firm 
in 1959. Generally, the 10 per cent requirement was rounded to 
the nearest five wells; the minimum number of well reports request- 
ed from any firm was five. The total number of sample wells on 
which cost data were requested and obtained was 880, or 1.8 per 
cent of all wells drilled in 1959, excIuding service wells. This cover- 
age was deemed sufficient for the purpose. 

In planning the sample, it was necessary to obtain representation 
of the various petroleum producing areas, well depths, and types 
of completion. The universe of total wells drilled in 1959, as re- 
ported in the Oil and Gas Journal, was stratified by area, depth 
class, and type of completion (productive or dry), so that a sample 
might be drawn for each sub-classification. The classification by 
area was among eleven groups and by depth among six groups. 

The eleven areas were: (1) Mississippi and South Louisiana 
(excluding offshore); (2) Louisiana, offshore; (3) Texas Gulf Coast 
(Texas Railroad Commission Districts 1, 2, 3, 4); (4) Arkansas, 
North Louisiana, and East Texas; (5)  Kansas; (6) Oklahoma and 
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Texas District 10; (7) Texas Districts 7b and 9; (8) West Texas 
and Southeast New Mexico; (9) California; (10) RockyMountains; 
(1  1) all other areas. Offshore drilling is includedonly for Louisiana. 

The six depth intervals were: (1) under 2,500feet; (2)  2,501-5,000 
feet; (3) 5,001-7,500 feet; (4) 7,501-10,000 feet; (5) 10,000-15,000 
feet, (6) 15,001 feet and over. 

With the additional distinction between dry holes and productive 
wells, there were 132 classes to be sampled (eleven area groups 
times six depth intervals times two types of completion). Forty 
classes were, however, eliminated as too small, in that they com- 
prised altogether only 234 wells drilled. This reduced the number 
of classes to be sampled to 92. Table I11 summarizes by area the 
number of wells drilled in the total United States, the number 
drilled by participating finns, and the number in the sample. It 
can be seen that while the participating firms drilled relatively 
more productive and relatively fewer dry holes, as compared with 
the national average, they reported on relatively more of their dry 
holes and relatively fewer of their productive wells. Participating 
companies drilled 20.4 per cent of all productive wells, and 10.0 
per cent of all dry holes; the the sample of 880 wells includes 8.9 
per cent of all productive wells and 16.7 per cent of all dry holes. 

The following procedure was adopted in seIecting the sample: 
(1) Each of the participating companies provided the identifi- 

cation, location, depth, and type of completion for each well which 
it drilled a s  operator in the United States in 1959, including wells 
drilled by both the operator and the contractor and wells drilled 
by cable tools, but excluding service wells. 

(2) A control sheet was set up for each of the 92 categories to 
be sampled. Each well drilled by each cooperating company was 
entered in the appropriate category. The wells listed on each 
control sheet were numbered consecutively. 

(3)  The sample for each category was drawn by use of a table 
of random numbers, the particular table used being Tables of 
Random Sampling Numbers, by M .  G. Kendall and B. B. Smith. 
These randomly selected numbers were applied to the consecutive 
numbers assigned the individual wells in the control sheets. 

(4) As the sampling proceeded, a record was maintained of the 
number of sample wells drawn for eachcompany. When the sample 
wells drawn for a given company reached that company's "quota," 
no further wells were drawn for that company. In further sampling, 
when the random number selected corresponded to a well drilled 
by a company whose quota had already been attained, thenext 
random number applicable to a company not over its quota was 
used, 
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TABLE I11 

THE NUMBER OF WELLS DRILLED I N  1959 BY 
COMPANIES COOPERATING I N  IPAA 

DRILLING WEIGHTS SURVEY COMPARED WITH UNIVERSE 

Productive WeIls Dry Holes 
Drllled by Drilled by 

Total Participating Sample Total Participating Sample 
Area ~r i l ledf ' )  Cornpanies(z) Wells iJrilled(') Companies(') Wells 

M~ssisslppi, South 
Louisiana 

Louisiana, Offshore 
Texas Gulf (Dlstr~cts 

1 , 2 , 3 , 4 )  
Arkansas, North 

Louisiana, East Texas 
Kansas 
Oklahoma and Texas 

District 10 
Texas Districts 7 6  and 9 
West Texas and South- 

east New Mexlco 
Cahfornia 
Rocky Mountalns 
Other 

Totals 30,837 6,276 559 19,256 1,925 321 

Sources: ( 1 )  Od arld Gas Journal 

( 2 )  I.P.A.A. Survey 

One copy of the survey form (see Appendix B) for each well in 
the sample was sent to the relevant company. Part A of the form, 
identifying the well, was filled out by the Cost Study Committee. 
Parts B through H of the form were filled out by the operator and 
returned to the Committee. These survey forms required detailed 
information on payments to the drilling contractor (or, in the case 
of operator-drilled wells, on costs in drilling hole) and on the 
twenty categories of operator expendituredescribed above, including 
water as a separate item. The time and effort devoted by the opera- 
tors to satisfying the detailed requirements of the survey form was 
gratifying. To a limited extent, their accounting records combined 
items listed separately in part H of the survey form. These com- 
bined expenditures were allocated by the Committee on the basis of 
other returns which provided the fully detailed breakdown among 
categories. 

The data on the 880 sample questionnaires were tabulated on 
IBM cards and sorted by class. The 92 classes were reduced to 56 
by combination of adjacent depth classes within area and type of 
completion. The reported sample expenditures (by individual cost 
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TABLE IV 

SURVEY OF THE DISTRIBUTION OF EXPENDITURES I N  DRILLING AND 
EQUIPPING WELLS IN 1959: SELECTED PRODUCING AREAS 

Seven South La. 
United Southwest (Incl. Offshore) Permian 

I tem: States States(') and Miss. Basin 

Contract rate footage payment 24.5 23.9 14.2 29.8 
Contract day rate payment 10.8 10.1 15.1 6.3 
Contract turnkey payment 1.2 1.0 0.1 2.2 
Cost of drilling hole with operator rig 3.2 2.7 4.3 2.8 

Subtotal 39.7 38.1 33.7 41.1 

Direct Expenditures by Operator: 

Road and site preparation 3.8 4.1 5.5 3.0 
Transportation 2.1 1.9 2.0 1.7 
Fuel 0.6 0.5 0.7 0.3 
Water 0.3 0.2 0.1 0.3 
Drilling mud 6.9 7.3 10.3 4.1 
Cement 3.9 3.9 2.9 4.9 
Casing and tubing 20.5 21.7 25.0 23.0 
Wellhead equipment 1.9 2.2 2.1 2.0 
Well site logging 1.1 1.1 1.7 0.6 
All other physical tests 1.0 1.0 0.8 0.7 
Logs 2.5 2.5 2.3 2.3 
Directional drilling service 0.2 0.2 0.4 ( 3 )  
Perforation 1.5 1.6 0.9 1.8 
Formation treating 3.3 3.3 0.4 5.7 
Tool rentals 2.0 2.0 2.4 1.2 
Drill bits and reamers 1.4 1.1 1.5 1.9 
Other equipment 2.1 2.2 1.5 1.9 
plugging 0.5 0.4 0.6 0.2 
Supervision and overhead 2.6 2.5 2.9 2.3 
All other expenditures(2) 2.1 2.2 2.3 2.0 

Subtotal 60.3 61.9 66.3 58.9 
Total 100.0 100.0 100.0 100.0 

(1) Arkansas, Kansas, Louisiana, Mississippi, New Mexico, Oklahoma and Texas. 
(2) Includes contract labor, completion costs and coring costs not elsewhere included. 
(3) Less than 0.05 per cent 

Source: Survey by IPAA Cost Study Committee 

category) for each of the 56 classes were expanded to universe 
estimates, the expansion factor used being theratio of total universe 
footage in the given class in 1959 (obtained from the Joint Associ- 
ation Survey of Industry Drilling Costs in 1959) to the reported 
sample footage. 

The expenditures f o r  drilling and equipping wells, by individual 
cost categories, were then summarized for the United States, the 
seven southwest states (Arkansas, Louisiana, Oklahoma, Texas, 
Kansas, Mississippi, and New Mexico), the Permian Basin, and 
f o r  South Louisiana (including offshore) and Mississippi, The 
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TABLE V 

DISTRIBUTION OF 1959 EXPENDITURES 
FOR DRILLING AND COMPLETING WELLS 

I N  THE UNITED STATES 

Per Cent of Direct Per Cent of 
Item: Operator Costs Total Costs 

Contract footage rate payment n .O 
Contract dam rate payment 12.0 

Subtotal 39.0 

Direct Expenditures By Operator: 

Road and site 
Transportation 
Fuel 
Drilling mud 
Cement and cementing service 
Casing and tubing 
Wellhead equipment 
Well site logging 
All other physical tests 
Logs 
Directional drilIing service 
Perforating 
Format~on treating 
Tool rentals 
Drill bits and reamers 
Other equipment 
Plugging 
Supervision and overhead 
All other expenditures 

Subtotal 

Total 

(1) Turnkey payments amounting to 
from this total. 

1.2 per cent of all expenditures have been excluded 

Source: IPAA Cost Study Committee Survey 

distribution of expenditures for these four areas is shown in Table 
IV. The weighting of the items included in direct expenditures by 
operator in the composite index was obtained by expressing the 
percentages given in the United States totals column in Table IV 
relative to the base 61.0 = 100 per cent. The resulting weights are 
given in Table V. 

The final weighted index is given at the bottom of Table VI. It 
can be seen that with the 1959 weights (1959 = loo), the value of 
the composite index for 1960 is 100.7, and for 1947, 63.2. If the 
base is transposed from 1959 to the averageof the years 1947-1949, 
the 1960 value of the composite index becomes 150.9. 
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Year 

TABLE VII 

INDEXES OF DIRECT OPERATOR COST 
ADJUSTED FOR DEPTH PER FOOT, AND OF COST 

ADJUSTMENT FOR DEPTH, 1947-1961 

Index of 
Cost Adjustment 

for Depth 
1959 = 100 1947-49 = 100 

(1) (2) 
69.7 96.5 
72.1 99.8 
74.5 103.6 
77.6 107.7 
82.7 114.7 
91.1 126.4 
90.7 125.7 
93.1 129.1 
92.7 128.6 
94.9 131.6 
97.6 135.4 
97.5 135.2 
100.0 138.7 
102.9 142.7 
103.8 144.0 

Index of 
Direct Operator Cost 

Adjusted for Depth per Foot 
1959 = 100 1947-49 = 100 

(3) (4) 
44.1 91.5 
48.9 101.5 
51.6 107.1 
56.5 117.2 
62.8 130.3 
70.3 145.8 
73.4 152.3 
77.2 160.2 
80.3 166.6 
86.9 180.3 
95.6 199.4 
96.6 200.8 
100.0 2M.5 
103.6 215.3 
105.3 218.9 

Sources: Columns (11, (2): Computed b y  IPAA Cost Study Committee, See Text Part IIIB. 

Columns (3). (4): Product of the index of direct operator cost unadjusted for depth 
changes (Table VI)  and columns (1) and (2). 

B. The Index of Cost Adjustment for Changes in the 
Depth Distribution of Wells. 

The index of cost adjustment for depth was computed by obtain- 
ing data on the number of wells drilled in seven depth ranges 
(0-2,500 feet, 2,500-5,000 feet, 5,001-7,500 feet, 7,501-10,000 
feet, 10,001-12,500 feet, 12,501-15,000 feet, 15,001 feet and over) 
from annual statistics reported in the Oil and Gas Journal for all 
years after 1948. The average depth of well in each depth interval 
was then computed. For the years 1953, 1955, 1956, and 1959, 
such average depths were available from the Joint Association 
Survey studies. For other years the average depths were estimated 
on the basis of interpolation and extrapolation. These average 
depths per well in each depth range were then multiplied by the 
number of wells drilled in each depth range in order to arrive at 
the number of feet drilled in each depth range. This process was 
repeated for each year after 1948, the data for 1953, 1955, and 
1956 being based on the Joint Association Survey findings, the 
data for the other years being estimates of total footage drilled. 
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The total cost of drilling in each year, at 1959 cost levels, was 
then computed by multiplying the total number of feet drilledin 
each depth range by the average cost per foot of drilIing to that 
particular depth, as  determined by the 1959 Joint Association 
Survey. These total costs for wells in each depth range in each 
year were then added together, and the resulting total was divided 
by the total number of wells drilled during the year, for drilling at 
different depths at the 1959 drilling cost levels. This series of 
hypothetical costs (hypothetical for all years except 1959) covered 
the years 1949-1961. This series was extrapolated backward to 
1947 and 1948, and observations for these two years were in- 
corporated in the index. Table VII gives the index of cost adjust- 
ment for depth for the base 1959 = 100, from which it can be seen 
that the value for 1961 is 103.8 and for 1947, 69.7. Table VII 
also shows this index on the basis of 1947-1949 = 100, in which 
case the value for 1961 becomes 144.0. 

C. The Index of Direct Operator Cost Adjusted For 
Depth Per Foot. 

The index of direct operator cost adjusted for depth per foot is 
obtained by simply multiplying the index of operator cost un- 
adjusted for depth changes by the index of cost adjustment for 
depth per foot. Table VII shows the results of this multiplication, 
revealing that for the base 1959 = 100, 1947 costs per well were 
44.1 and 1961 cost per well were 105.3. For the base 1947-1949 
= 100, 1961 costs per well were 218.9. 

D. The Index of Total Payments to Drilling Contractors 
Per Foot Drilled. 

In the earlier indexes, the distribution of total cost between the 
operator and the drilling contractor had been made on the basis of 
the ratio between the AAODC series on contract cost per foot a ~ d  
total cost per foot drilled. This series had been used, as it were, by 
default, since no other basis existed for making this distribution. 
There are at least five reasons why the placing of so much reliance 
on these series is not to be desired. First, there is no way to check 
on the basic data originally employed in compiling the AAODC 
cost series, these data having beenlost when the association changed 
location. Second, the cost figures themselves seem to have been 
only approximations rather than exact computations, the published 



44 RICE UNIVERSITY STUDIES 

contract cost per foot increasing or decreasing by regular ten or 
twenty-fivecent intervals, and the published total cost per foot 
drilled increasing or decreasing by regular five, ten, or twenty-five 
cent intervals. It hardly seems likely that the actual arithmetic 
averages behaved so regularly. Third, there is the circumstance 
that the series was discontinued after 1958. Fourth, certain move 
ments in the series have not in the past seemed consistent. For 
example, the total cost per foot drilled (measured at actual depths 
drilled) declined by 23 per cent from 1952 through 1958, whiie 
the drilling contract rate per foot (measured at constant depth) 
declined by only 14.5 per cent. Since this period was characterized 
by an increasing average depth of well drilled, and since it is well 
known that the total cost per foot drilled increases dramatically 
as  average well depth increases, it is obvious that the drilling con- 
tract rate per foot should have declined by more than the total cost 
per foot drilled. This inconsistency does not indicate which (if 
either) of the series is correct and which is incorrect, but does indi- 
cate that the data are not reliable. Fifth, even if the contract cost 
per foot drilled were actually a reliable cost series, it would not be 
an acceptable measure of total contractor cost in that it ignores 
the day rate cost element, which is about 30 per cent of total con- 
tractor cost, or about 45 per cent as large as footage rate costs, 
according to the Committee's survey of 1959 drilling and com- 
pletion costs. 

The most promising practical expedient appeared to be the col- 
lection of annual data from oil companies on their total payments 
to contractors for all work done (both on a footage rate and on a 
day rate basis), together with the number of wells drilled and the 
total footage drilled by such contractors. The IPAA Cost Study 
Committee attempted, in 1960, to collect such data from a number 
of large and medium-sized operators, for the years 1947-1960. For 
several reasons, however, the results of this survey were deemed 
insufficiently representative and reliable to qualify for use in the 
indexes. First, insufficient data were obtained, since only eleven 
companies, all large or relatively large in size, responded satis- 
factorily to the survey. Second, there was probably some bias in 
the sample toward the inclusion of more of the deeper wells, since 
the large companies drill deeper. Third, with relatively few ob- 
servations, the data seemed to be subject to a significant degree of 
random fluctuation. Fourth, too few responses were received for 
the earlier years to allow the series to begin before 1954. 

In order to relate the contractor segment of the industry to the 
operator segment, the following procedure was adopted for the 
April, 1962, report. The American Association of Oilwell Drilling 
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Contractors had previously undertaken to collect more accurate 
and reliable data on contract drilling rates per foot, beginning in 
1957. These data have been pubIished by the Association in The 
Drilling Contractor. The average footage rate per foot is reported 
for over 35 areas. An index of footage payments is computed as a 
weighted average, the weights being provided by information on 
the total footage drilled in each area, as reported by the Oil and Gas 
Journal. Acceptable data on day rates are more difficult to obtain. 
Day work rates are published in the Oil and Gas Journal's annual 
"Active Field Survey." Day rates for three depth intervals (0-4,999 
feet; 5,000-9,999 feet; 10,000 feet and over) were averaged in each 
of six areas (Gulf Coast, Mid-Continent, Permian Basin, Rocky 
Mountains, California, all other areas). Day rates are quoted for 
each depth range; the average rate in a given area is obtained by 
weighting the day rates quoted for each depth range by the number 
of wells drilled in that depth range, as reported-by the Oil and Gas 
Journal. This is an imprecise method of approximatingthe effective 
day work rate in a particular area, but there seems to be no prefer- 
able alternative method practicably available. The two indexes of 
day rates and footage rates were then combined in a weighted 
average index of contractor cost per foot, the weights being 27/39 
for the day rate, which corresponds with the relative per cent of 
total cost accounted for by these two components of total cost, as 
shown by the 1959 cost survey made by the Committee. 

In view of the fact that the recent footage rate series compiled by 
the American Association of Oilwell Drilling Contractors went back 
only as far as 1957, the Cost Study Committee decided to limit the 
published indexes in the April, 1962, report to the five years 1957- 
1961. The Cost Study Committee's reasons for imposing this 
limitation, in the interests of statistical consistency, are fully appre- 
ciated. It nevertheless seems highly desirable to attempt to present 
the best possible approximation to a consistently-defined set of 
indexes for the entire fifteen-year period, 1947 through 1961. The 
substantive importance of the actual trend in drilling and com- 
pletion costs is sufficiently great to lend much interest to the indexes 
conceived of as constituting empirical evidence on costs, as well as 
being the embodiment of a particular technique of index number 
computation. Table IX shows the computation of per foot and per 
well cost indexes for the years 1947-1961, but it must be made 
clear that the Cost Study Committee of the Independent Petroleum 
Association of America regards only the last fiveyears, 1957-1961, 
as statistically eligible for inclusion in the April, 1962, Report. The 
years 1947-1956 have been computed by the author, employing 
the same methods used by the Committee, and the same data, 
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Year 

TABLE VIII 

INDEX OF TOTAL PAYMENTS PER FOOT 
TO DRILLING CONTRACTORS, 1947-1961 

Total Payments 
Per Foot Drilled 

1959= 100 1947-49 = 100 

1947 102.9 102.9 
1948 99.8 99.8 
1949 97.4 97.4 
1950 98.2 98.2 
1951 98.4 98.4 
1952 99.4 99.4 
1953 99.0 99.0 
1954 97.0 97 .O 
1955 97.2 97.2 
1956 98.2 98.2 
1957 100.7 100.7 
1958 97.1 97.1 
1959 100.0 100.0 
1960 98.8 98.8 
1961 102.9 102.9 

Sources: Day rates from "Active Field Surveys," Oil and Gas Journal, 1950.1951. (Day 
rates for 1947-1949estimatedby theauthoron b a s ~ s  of extrapolation of exponential 
regression line fitted to 1950-1961 data.) 

Footage rates from AAODC, published in The Drilling Contractor, for 1957-1961. 
(Footage rates for 1947-1956 derived from AAODC index of drilling costs for 
drilling at comparable depth in the same o r  similar fields.) 

Day and footage rates combined in a weighted average, 27/39 for footage rate 
and 12/39 for day rate. (Weights based on 1959 drilling cost survey made by 
the IPAA Cost Study Committee.) 

wherever possible. (Since the April Report was still in preliminary 
form when the final draft of this monograph was written, the 1957- 
1961 indexes must be regarded as preliminary, and subject to 
possible change in the final April Report of the Cost Study 
Committee. ) 

Day work rates have been published in the Oil and Gas Journal's 
"Active Field Surveysn since 1950. It was necessary to estimate 
values for 1947,--1948, and 1949. This was done by fitting an 
exponential regression curve to the 1950-1961 data and extrapo- 
lating the curve for 1947-1949, admittedly only an approximate 
method, but perhaps the least objectionable expedient to adopt 
in the absence of any data. The footage rate problem was a bit 
more complex. Several types of data were available, but of differing 
reliability. The American Association of Oilwell Drilling Contractors 
had published three time series of some relevance: the "oldnseries 
on contract footage rates, extending from 1935 to 1957, and 
being of questionable value; the "newn series on contract footage 
rates, available since 1957, and of considerable value; and the 
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TABLE IX 

DERIVATION OF INDEXES OF DRILLING AND COMPLETION COSTS PER WELL AND PER FOOT, 

FOR THE PERIOD 1947-1961, ON THE BASES 1959=100 AND 1947-49=100(" 

(') The April, 1962, Report of the Cost Study Committee of the Independent Petroleum Association of Americalimlts the indexes to the years 

1957-1961. The indexes for 1947-1956 have been computed by the author, employing the same methods used by the Cost Study Com- 

mittee, but some of the basic statistical sources are not strictly comparable. See the accompanying text for explanation. 

Preliminary 

Index of DrillIng 

and Completion 

Costs per Well 

1959=100 1947-49=100 

(13) (14) 

Sources: Columns (1), (2): Table VII Column (10): Column (2)  x Column (4) 

Columns (3), (4): Oil and Gas Journal Column (11): Column (3) x Column (5)  

Columns (5), (6): Table VIII Column (12): Column (4) x Column (6)  

Column (7): Column ( I )  x .6l f Column (5)  x .39 Column (13): Column (3)  x Column (7)  

Column (8): Column (2)  x .GI + Column (6) x .39 Column (14): Column (4)  x Column (8)  

Column (9): Column (1) x Column (3) 

Adjusted Index of 

Contractor Cost 

per Well 

1959=100 1947-49=100 

(11) (12) 

Adjusted Index of 

Direct Operator 

Cost per Well 

1959=100 1947-49=100 

(9) (10) 

Index of Drilling 

and Completion 

Costs per Foot 

1959=100 1947-49=100 

(7) (8) 

Index of Total Payments 

to Contractore 

per Foot Drilled 

1959=100 1947-49=100 

(5) (6) 

Index of Average 

Depth of Well 

1959=100 1947-49=100 

(3) (4)  

Year 

Index of Dlrect Operator 

Cost Adjusted for 

Depth per Foot 

1959=100 1947-49=100 

(1) (2)  
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series, in index number form only, concerning the cost of drilling 
"to comparable depth" in the same or similar fields, available 
from 1941 to 1957. It is believed that the latter series is of more 
value for the earlier years than is the "oldVseries oncontract 
footage rates. The years prior to 1957 were then estimated by use 
of the index of the cost of drilling to comparable depth, expressed 
relative to the year 1959, but employing the year 1957, common 
to both the comparable depth series and the "newn series on contract 
footage rates, as the intermediate term of comparison. The 1959 
ratios of 27/39 and 12/39 were used to weight footage rates and 
day rates for all f~teen years. 

The resulting index of total contractor payments per foot is 
shown in Table VIII. On the basis of 1959 = 100, the value of the 
index for 1961 is 102.9. By sheer coincidence, the index is the same 
whether based on 1959 or  1947-1949, the average of the observa- 
tions for 1947-1949 as based on the 1959 base year being 100.03. 

E. The Adjusted Index o f  Contractor Costper Well. 

The adjusted index of contractor cost per well is obtained by 
simply multiplying the index of total payments to drilling con- 
tractors per foot drilled by an index of the average depth of wells 
drilled. The index of average depth of wells drilled is obtained 
from the Oil and Gas Journal. The resulting adjusted index of 
contractor cost per well is shown in Table IX. On the basis of 1959 
= 100, the value of the index for the year 1947 is 87.7 and the 
value for 1961 is 104.2. On the basis of 1947-1949 = 100, the 
value of the index for the year 1961 is 104.2. 

F. The I n d a  of Drilling and Completion Costs per Well. 

The index of drilling and completion costs per well is obtained 
by computing a weighted average of the depth-adjusted index of 
direct operator cost per well and the depth-adjusted index of con- 
tractor cost per well. The weights employed in this computation are 
the relative portions of total cost accounted for by direct operator 
outlays and contractor costs, on the basis of the Committee's 
survey of 1959 drilling and completion costs. These weights are 39 
per cent for contractor costs and 61 per cent for direct operator 
costs. The resulting index of drilling and completion costs per well 
is shown in Table IX. On the basis of 1959 = 100, the value of the 
index for 1961 is 105.7, and for 1947, 57.1. On the basis of 1947- 
1949 = 100, the value of the index for 1961 is 204.3. 
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G. The Adjusted Index of Direct Operator Cost per Well. 

In order to compute the adjusted index of direct operator cost per 
well, the previously described index of direct operator cost per 
foot is merely multiplied by the index of the average depth of well, 
the resulting quotient representing the required index. This index is 
shown in Table IX. On the basis of 1959 = 100, the value of the 
index for 1961 is 106.7, and for 1947, 37.6. On the basis of 1947- 
1949 = 100, the value of fhe index for 1961 is 257.6. 

H. The Index of Drilling and Completion Costs per Foot. 

The index of drilling and completion costs perfoot is obtained by 
computing a weighted average of the adjusted index of direct 
operator cost per foot drilled and the index of total payments to 
drilling contractors per foot drilled. The weights employed are 
identical with those described above for the computation of the 
index of drilling and completion costs per well. This index is shown 
for the years 1947-1961 in Table IX. On the basis of 1959 = 100, 
the value of the index for 1961 is 104.3, and for 1947, 67.0. On the 
basis of 1947-1949 = 100, the value of the index for 1961 is 173.6. 
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