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ABSTRACT

This report describes the variability of oil and gas activities in
Texas. The characteristics of drilling and production operations vary
widely across the state. Conversations with persons involved in the oil and
gas industry enabled the development of variability pabametefs which de-
scribe local variations in activity on a countwadé basis.

Six variability parameters were definéd for each county which aid in
the derivation of 1nput data for thencomputerbanalysis procedure. A
procedure was also developed to convert crude 0il production into truck
traffic.

A detailed example illustrates the use of the variability parameters
to establish site-specific input data for use in the 0il Field Damage Pro-
gram. The computer program mddels pavement performance by calculating
levels of pavement distress over time. This technique provides a basis for
anticipating future maintenance and rehabilitation requirements for surface-

treated pavements in oil or gas field areas.



SUMMARY

The prihcipal objective of this phase of study was to describe the
statewide variability of oil and gas drilling and production activity. This
information expands the applicability of the Phase II methodology from one
unique region Qf 0oil field activity to any region within the state.

Photographic monitoring of several drilling sites in Brazos County
formed the basis of the traffic distributions used in the 0i1 Field Damage
Program. Conversations with petroleum engineers indicated that the traffic

distribution obtéined in Brazos County was typical of statewide use. Re-
gional variations in drilling and production characteristics change the
shépe of the distribution, but the general traffic volumes predicted during
eacﬁ phase of the we]]bdeve]opment remain suitable fOr statewide analysis.
Variations in drilling characteristics are primarily due to differ-
ences in the length of the drilling phaée. Production traffic characteris-
‘tics are primarily caused by differences in oil- or gas-bearing formations.
Transportation of final product is also a primary consideration. Several
petroleum éngineebs,noted that gas is typfca]ly transported from the well
site by pipeline. Crude o0il is also transported in pipelines, but uSua]ly
only from centralized gathering terminals located near a major trunk 1ine.
As a result, tfucks often haul crude oil from the well site to the gathering
terminal where it is then piped to the refinery. The numbér of trucks
required at the producing well eVentua\Iy declines over time, with the
actual rate of decline'depending upon the characteristics of the prodﬁcing
formation.

Six paraméters were developed to describe these regional variations in

drilling and production activity. Four of the parameters--lag time, percent

drilled, drill time, and drill time versus drill depth--describe variations

iv



in drilling characteristics. Completion success rate and production per well
describe regional variations in production activity. Each of the six varia-
bility parameters was defined on a county-by—tbunty basis from the Railroad
Commission of Texas Drilling Permit Records file.

The variability parameters were used to generate'input data for the 0il
Field Damage computer program. This program computes expected reduction in
pavement service life due to oil field traffic. Minor modifications to the
program will eventually be necessary to accommodate variable drill time and
production truck volumes for use in statewide analysis. |

This technique is an extension of Phase II (Report 299-2 and Report
299-3) methodology. The variabifity parameters permft consideration of
unique county oil and gas Characteristics while preserviﬁg the UtiTity of
the methodology as an assessment and planning tool. Since the 0il Field
Damage Program converts truck traffic into 18-kip eq01va1ent singlekaxle
loads, it has the potential for predicting the effects of other load-inten-

sive "special-use" truck traffic on pavement performance.



IMPLEMENTATION STATEMENT

Previous investigations produced results for a small oil-producing
region of the state. The current results lay the groundwork for future
analysis aimed at monitoring and predicting surface-treated pavement perfor-.
mance under oil or gas field traffic throughout Texas.

Periodic updating of regional or District density maps is imperative to
insure reliable results from the analysis procedure. »Annua] revision of the
Railroad Commission of Texas Drilling Permit Records ié suggested in order
to support the computer-generated density map process (discussed in Report
299-5). Highway officials must also consider current local o0il or gas field
activity when implementing the analysis procedure. The study results are
additional tools in the overall pavement management/design process; they are

meant to supplement, not replace, local information.

DISCLAIMER

The views, interpretations, analyses, and conclusions expressed or
| impiied in this report are those of the authors. They are not necessarily

those of the Texas State Department of Highways and Public Transportation.

vi



TABLE OF CONTENTS
Page
INTRODUCTION & v v v v e o e e e e e o e e e ot e m e e e 1
The Problem . . . . . P 1
Phase III Objectives . . . ; e e e e e e e e e 2
STUDY PROCEDURE . . . . . . . R e e e e 3

Local Petroleum Consultants . . « ¢ ¢« o ¢ ¢ v 0 v o 0 o o W . . 3

Dril19nG PRASE o v o o o o o o o o o o o & o o o o v v 0 0. 3
Production Phase - . A L 2 . [ ] L] L ] . . . - ) L ] L ] L ] [ ] /. * . L] L] L] 6
Major 01. ] Companies . L[] . ‘. * ‘. . * [ ] L ] L] L ] L ] L] . . . *® ® & o @ 6

Railroad Commission of Texas. . . . . . ; e e e e e e e e e e e T
ANALYSIS PROCEDURE « « v v v o v v v oo e e e e e e e ... 8
Langime . o .’. .‘. . .u. e e e e e e e c. ¢ s s s o« 8
Percent Drilled « & ¢ ¢« ¢« ¢ ¢ ¢ ¢ o ¢ ¢ « o & e v e e s e e e e 10

Dri]] Time * o o s o o * o . LI ¢ o e e e s e o e o‘o * e . . 12

Drilling Time Versus Drilling Depth . . . +« « & ¢« ¢ ¢ ¢ & &« o« & . 16
Comp]etion SUCCQSS Rate . 0 Y u‘. ..... ‘. . - o o ) . » . o 20
Production Per Well o ¢ v o e o o o o o o o o o o o 5 o o o o« o o 20

SAMPLE PROCEDURE . . . [ 010'0 . (] . . L] [ ; . L] . . o e - . . . . . L] 25

SDHPT District 11 (1977-1982) . v v v v ¢ ¢ o o o o o o s o o s 25

Example & ¢ ¢ ¢« 4 o 6 6 o 6 o 6 o s e s e s s s e e B ¥4

0i1 Field Damage Program Input Data . . . . . e

CONCLUSION AND RECOMMENDATIONS v & & & 4 4 ¢ 4o ¢ & 4 o o o o s o o o & 47

0il1 Field Damage Program Modifications . . . . . . . e e e e e e 47
Input Different Drill Times .« « ¢ ¢ ¢« ¢ o ¢ ¢ o o « o o o & 47 .

Input Different Production Truck Traffic Characteristics . . 48

Phase IV Considerations . . . . . ¢« ¢« ¢« ¢« o o o o o & e e e e e 48

vii



Interpretation . . . . . ¢« ¢ ¢ ¢ .

.

Recommendations for Future Research . .

State Plane Coordinate System .

R. R. C. Graphics Computerization

Special-Use Activities . . . . .

REFERENCES . .
APPENDIX A . .

Appendix A

e o e s e o o o s o * o
e * e o o s & ° e o o o

® @ e ® o & s & & s o o o

viii

Page
49

49
50
50

50
51
52

52



10
11
12
13
14
15
16
17
18
19

LIST OF FIGURES

Phase IIT Study Procedure . . . « + o ¢ o v o o v o &
Daily Vehicle Histogram . . « <« « o ¢ o o v o o o o o
Phase III Analysis Procedure . . . « ¢ ¢ ¢ ¢ &« « & .
Variability of Average Lag Time Parameter . . . . . .

Variability of Percent Drilled Parameter . . . . . .

Variability of Average Drill Time Parameter . . . . . .

Variability of Completion Success Rate Parameter . .
SDHPT District 11 County Map . « ¢ & ¢« ¢ o ¢ ¢ o « &

Tota] Permits ISSUQd - DiStriCt 11 o o e o * e o s »

TOta] SpUd-inS - DiStriCt 11 ¢ o o s & o o & o o o

TOta] SpUd-iﬂS - DiStriCt 11 Map s o o o‘. * o o o o

Total Completion W's - District 11 & o v o v . . ..

Tota1>Completion W's - District 11 Map . . . ¢« v ¢ & & &

District 11 Annual Gas Production (1977-1982) . . . .

District 11 Gas Production Map (1977-1982) . . . ..

District 11 0il Production Map (1977-1982) . . . . .

District 11 Annual 0il Production (1977—1982); e e e

Variability Parameter Maps for District 11 Example

ix

-Total Permits - District 11 Map . « v ¢« ¢ ¢« ¢ ¢ ¢ ¢ « &

Page

11
13
14
21
26
27
28
29
30
31
32
33
34
36
38
39



LIST OF TABLES

CW-1 Update Codes . « « « &« o o o o o o o o o o o o o o &
Drilling Time Versus Drilling Dépth for SDHPT District 11
Drilling Time Versus Drilling Depth for SDHPT Distfict 13
Drilling Time Versus Drilling Depth for SDHPT District 17

Interrelationships Between 0il
and Gas Variability Parameters . ¢ ¢« ¢« ¢ ¢ ¢ ¢ ¢ ¢ « o

SDHPT District 11 0il and Gas Variability Parameters . .

Recommended Monthly 0i1 Production Truck Traffic
Volumes for SDHPT District 11.. . ¢ v v o v v 0 v v o o &

Input Data for District 11 Example . . . « ¢« ¢ ¢ & « .« .

Application of Deve]opmeht for District 11 Example . . .

24
40

41
45
46






INTRODUCTION
The Problem

Texas has long been known as a major producer of oil and gas. While
the state economy has benefitted from the prosperity of this activity, the
burden it places upon the highway system has just begun to be measured.

Drilling an 0oil or gas well generates a substantial amount of l1oad-
intensive truck trafffc. The vehicle miX and axle configurations are unique
and are not specifically considered in traditional pavement design tech-
niques. in addition, fhis‘activity typically occurs in rural areas, where
the_heavy truck traffic must travel over light-duty rural roadways
originally designed for low volumes of passenger cars and light trucks.

The Arab 0il1 Embargo of 1973 dramatized the nation's dependence upon a
precarious energy supply and spurred a surge in the amount and intensity of
oil field'development nationwide. In Texas, the State Department of
Highways and Pub]ichransportation found it necessarykto determine the
effecfs of the renewed oil field development on rural highwayé. Phase One
of this study estimated the effects of oil field development on rural pave-'
ments (1). Phase Two of the study involved the development of the "0il1 Field
Damage Program," a computer program which models present and future pavement
performance under various levels of oil field development (2). Also in-
cluded in this phase was a rational procedure for locating oil field activ-
ity centers and identifying impacted roadways through the development of

density maps (3).



Phase III Objectives

The results obtained in Phases I and II were site-specific and appli-
cable only to one small region of the state. In addition, thé densify maps
were created manually and were not easily updated from year to year. To
improve the comprehensiveness of the overall methodology for statewide use,
the Technical Advisory Committee recommended the following objectives for

Phase III of this study:

1. Describe statewide variability of oil and gas drilling and pro-
duction actiQity. : | |

2. Provide documentatidn of‘a proceduré for developing computér-
generatéd’density maps from the Railroad Commission»of fexas

Drilling Permit Records.

This report covers the first objective of Phase IIl. A subsequent report,

Report 299-5, will address the second Phase IIl objective.



STUDY PROCEDURE

Phase I and Phase Il characterizéd oil field drilling and production
for a small region of the state. In Phase III, the primary>objective‘ﬁas to
examine drilling and production activity for both oil and gas on a statewide‘
levél. This expansion of study scope formed the basis for the study proce-
dure depicted in Figurevl, The procedure involved gathering information

from the following sources:

1. Local Petroleum Cbnsultants
2. Major 0il Companies

3. Railroad Commission of Texas

,Loca] Petroleum Consultants

 F1ve‘1oca] petroleum consultants interviewed during the Phase III study
indicated that the conditions'observedlin our previous studiés were not
typical of all oil and gas operations in Texas. They agreed with the study
phi]osophy'of suppleménting our local knowledge with information obtainéd
from other unique regions of the state. |

The petroieum consultants also confirmed the basic components and shape
of the oil field traffic histogram developed in previous study phases
(Figure 2). Traffic Vo]ume and duration from three of the five stages
outlined in the histogram--access road, rigging-up, and rigging-down--remain
nearly constant throughout the state. Dri]]ing and production, however, are
sensitive to site-specific conditions and vary widely from region to region.

Drii'ling Phase. The duration of the drilling phase at any one well

site is primarily dependent upon the final depth of the hole. Deep wells
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Togically take longer to drill than do shallow wells. The variety of geolo-
gical formations in Texas, however, precludes the definition of a single
exact relationship between drilling depth and drilling time.

Production Phase. Site-specific geologic conditions directly affect

both»the duration and the amount of o0il or gas produced during the produc-
tion phase. In some regions (such as the Kurten field studied previously),
production may decline almost immediately. Wells in other regions (such as
the Bryan Woodbine, in the city of Bryan) may not experience a significant
decline in production for several years.

The inclusion of gas wells into the analysis was an important feature
of Phase III. Specifically, there was a need to determine the fundamental
operational differences between gas wells and oil wells. The local petro-
leum consultants indicated that the most important difference was that gas
is normally transported in pipelines, whereas o0il is moved either in trucks
or in pipelines. Al1 other phases of operation could be assumed to be

similar to those at an oil well.

Major Oil Companies

Interviews with representatives of two major oil companies verified the
information obtained from the local petroleum consultants. The oil company
representatives, however, were more cognizant of the wide variety of oil-
and gas-bearing formations in Texas. With 11,361 active oil fields and
16,382 active gas fie]ds in 1982, the major oil company representatives

suggested an analysis based upon characteristics of "major" fields (4).



Railroad Commission of Texas

The Railroad Commiésion of Texas (R.R.C.) regulates the statewide
operations of the oil and gas 1'ndﬁstry. The R.R.C. continually updates a
Master Drilling Permits Record file--a series of computer tapes of w»eH
permits issued; wells dbri 1 1ed, and' wells completed. These tapés may bev
purchased from the R.R.C. and updated quarterliy. TTI submitted its previous
set of computer tapes for updating in June, 1983. These ckomputer tapes

provided most of the information used in the Phase III analysis.






ANALYSIS PROCEDURE

The results of ‘the data collection process describe general statewide
0oil and gas characteristics. Figure 3 illustrates the basic Phase II1I
analysis procedure to demonstrate statewide application.

Of the five phases in the development of an oil or gas well, oniy the
drilling and production phases vary significantly from region to region.
Variability parameters were obtained for each county through manipulation bf
the updated version of the R.R.C. Drilling Permit Records. These parameters

included:

1. Lag Time

2. Percent Drilled

3. Drilling Time

4. Drilling Time Versus Drilling Depth
5. Completion Success Rate

6. Production Per Well

Lag Time

Lag time measures the length of time elapsed between the issuing of a

permit and the actual drilling of the well itself. More specifically,
Lag Time = "Spud-in" (drill) Date - Permit Date

This parameter provides a measure of available response time foc maintenance
activities on roadways in areas of oil and gas deve]opment; In certain
counties, lag time is quité long, and maintenance crews haveyenough time to
rehabilitate roadways before drilling begins. In other counties there is
not enough time available for any such work. Lag timé is thus useful in

scheduling maintenance and rehabilitation activities.
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However, one problem with lag time is that it is a function of both
spud-in date and permit date. Every well in the R.R.C. Drilling Permit
Records is given a permit date. Well operatbrs, however, are not required
to report actual spud-in date. These wells, along with those that have not
yet been drilled, have spud-in dates of " 0/ 0/ 0" in the Drilling Permit
Records. As a result, on]y}20-30 percent of the total number of records in
a region (e.g., a SDHPT District) are actually used in the lag time computa-
tions. Lag time, as with the other variability parameters described in this
report, provides an initial estimate of regional conditions and should be
supplemented by local knowledge whenever possible.

Figure 4 depicts statewide variability in lag time. Data for the map
was retrieved from the R.R.C. permit records using a FORTRAN computer pro-
gram. The program computed lag time from the R.R.C. records'(when lag time
could actually be computed) on a county basis for each well spud-in between
1977 and 1982. Average lag time, the arithmetic mean of the values for each
county, was entered into a Statistical Analysis System (SAS) program for use

by SAS/GRAPH in plotting the statewide variabi]ity map (5, 6).

Percent Drilled

Percent drilled measures the probability that drilling activity will
occur atvany one permit site. Specifically,
Total Number of Spud-Ins

Percent Drilled = X 100%
Total Number of Permits

10
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Figure 5 portrays statewide variability in percent drilled on a county
basis. This map was produced in a manner similar to the statewide lag time
map (Figure 4).

Percent drilled is an important parameter because it basically predicts
the occurrence (or non-occurrence) of oil or gas field traffic. Issuing a
permit only indicates an interest in future deQe]opment and has a minor
influence on traffic volumes. The actual drilling of a well produces a
dramatic increase in traffic. This increase occurs not only during the
drilling of the well but also for several weeks before development.

The percent drilled parametér complements the lag time parameter. For
any given county, the percent drilled value indicates the average likelihood
of drilling at a permit site. Lag time approximates when the activity will

actually begin.
Drill Time
The third variability parameter, drill time, is computed as follows:
Drill Time = Completion "W" Date - Spud-in Date

Drill time provides a measure of the duration of drilling activity at a well
~site. Figure 6 demonstrates the statewide variability in average drill time
for each county in Texas.

Drill time is a function of spud-in date and completion "W" date. The
completion "W" date on a permit record indicates the date that drilling
ended on a "successful" well. Operators are required to submit periodic
"status" reports on their drilled wells to the R.R.C. in the form of CW-1
update codes. Table 1 lists the recognized update codes. Code "W"

acknowledges that the well has been completed and production is anticipated.

12
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Table 1. CW-1 Update Codes. (7)

_'Reserve Code Activity Status
A Long String
B Conductor Casing
C Test Bottom Hole Pressure
D | Plug Dry Hole - P & A (W-3)
E \ (Not defined by R.R.C.)
F Circulate Production String Casing
G Drive Pipe
H Plug Dry Hole - P & A (1tr.)
I Temperature Survey
J Liner
K v P & A Sulphur Core Test
L Plug Back
M ‘ | Core Test (P & A)
N Intermediate String
0 Plug Dry Hole (o0il)
P : Plug Dry Hole (gas)
Q Plug Fresh Water
R Plug Stat Test
S Plug Dry Hole (Explorate)
U Unsuccessful Workover
) | , PTug Uranium Test
W Final Completion
X Lignite Expl. (P & A)
JA Removed Reserve Code

15



Since drilling time and production length are the two major descriptors
of oil and gas well variability, the drill time parameter is an important

piece of information in the statewide analysis procedure,.

Drilling Time Versus Drilling Depth

The drill time parameter provides an estimate of the duration of dril-
ling traffic at a well site. Each person interviewed agreed'that the depth
of the hole being drilled is the primary factor influencing drilling time.

Permit records used in the computation of average drill time served as
the source of the drill depth information. The large number of records in
the drill time file necessitated limiting the comparisons of drill time vs.
drill depth to wells in SDHPT District 11, 13, and 17. A SAS computer
program assembled the time/depth data by county and printed the results for
the 25th, 50th, and 75th percentile drill times and drill depths. Tables
2, 3, and 4 display the results obtained for SDHPT bistricts'll, 13, and 17,
respectively. In District 11, for example, 75 percént of the wells drilled
in Nacogdoches County are less than 10,992 feet deep.

The resulting comparisons of drill time and drill depth provide genera-
lized information about drilling operations in a county. Highway officia]s
may use the information to assign values for drilling time in a county for
use in regional planning and analysis. Local officials may also use this
information to predict the effects of isolated oil or gas development. For
example, an engineer may wish to determine the potential impact if three gas
wells are drilled near a remote county road. By detérmining the proposed
depths of the wells (either from the well operators or the R.R.C.) and
converting those depths into drill times, the engineer can use the 0il Field

Damage Program to estimate future pavement service life and performance.

16
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Table 2. Drilling Time Versus Drilling Depth for
SDHPT District 11.

Percentile

25th 50th 75th
County Depth* | Time** Depth | Time Depth Time

Angelina 9150.00 | 22.50 _9696.00' 38.50 12375.00 91.00
Houston 8791.00 | 27.00 10216.00 | 49.00 11494.00 | 87.00
Nacogdoches 7837.50 23.00} 9525.00 | 38.00 | 10991.80 | 65.25
Polk 7800.00 | 18.00 9500.00 | 25.00 - 10463.50 | 52.00
Sabine 5352.25 | 14.00 6371.50 | 17.50 8000.00 | 41.00
San Augustine } 7767.00 | 31.00 8515.00 | 43.00 9524.00 {139.50
San Jacinto 8459.00 | 18.25 11150.00 | 37.50 12125.00 |100.75
Shelby 4709.50 | 21.00 8000.00 | 39.00 9000.00 | 73.50
Trinity 9437.50 | 24.50 9872.50 | 39.50 11573.80 | 79.50
* Depth = Well depth, in feet

** Time = Drill time, in days
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Table 3.

SDHPT District 13.

Drilling Time Versus Dri]ling Depth for

Percentile

25th 50th 75th
County Depth* | Time** Depth | Time Depth | Time

Austin 7131.25 17.50 10900.00 | 39.50 - 15687.50 {131.75
Calhoun 6500.00 | 9.00 8600.00 20.00 9500.00 | 62.00
Colorado 4940.00 | 9.00 9806.00 | 23.00 10811.30 | 44.75
DeWitt 5500.00 | 7.00 8491.50 ] 18.50 10500.00 | 35.00
Fayette 8500.00 18.00 9539.00 | 27.50 11000.00 | 53.25
Gonzales 7121.50 {12.00 7800.00 | 17.00 8392.50 | 40.50
Jackson 5000.00 6.00 6300;00 - 9.00 7461.00 | 21.00
Lavaca 5155.00 {13.00 9180.00} 32.00 12000.00 | 89.50
Matagorda 7000.00 | 12.00 9400.00 | 27.00 10740.00 | 54.00
Victoria 4050.00 | 5.00 4213.00} 7.00 6500.00 | 13.00
Wharton 5500.00 | 6.00 6202.50 | 9.00 7409.80 | 18.00
* Depth depth, in feet |

**x Time

Drill time, in days
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Table 4.

SDHPT District 17.

Drilling Time Versus Drilling Depth for

**x Time

Percentile
25th 50th 75th
County Depth* | Time** Depth | Time Depth Time

Brazos ~ 8800.00 | 17.00 9200.00 | 28.00 10000.00 | 60.00
Burleson 8358.00 | 14.00 9000.00 | 20.00 9900.00 | 36.00
Freestone 11372.00 | 38.00 12500.00 | 54.00 13200.00 | 83.50
Grimes 10206.50 | 28.50 11089.00 | 49.00 11921.50 [109.50
Leon 6796.50 { 14.00 8000.00 [ 29.00 12000.00 {117.50
Madison 8963.50 | 22.00 9925.00 | 36.00 10275.00 | 99.50
Milam 1050.00 | 5.00 2400.00 | 10.00 3800.00 | 26.00
Robertson 7485.30 | 16.25 13250f00 65.00 14427.00 |132.25
Walker 910.00| 1.00 6500.00 | 26.00 12598.80 44,25
Nashington -10950.00 | 25.00 11500.00 | 33.00 12000.00 | 51.00
* Depth = Well depth, in feet

Drill time, in

days




The lag time, percent drilled, drill time, and drill time/depth factors

affect the drilling phase of an oil or gas well. Completion success rate

and production per well describe the production phase.

Completion Success Rate

Completion success rate defines the probability that a given permit
site will actually be completed (i.e., produce oil or gas). Specifically,
Total Number of Completion W's

Completion Success Rate = X 100%
: Total Number of Permits

This parameter identifies the potential onset of long-term production truck
traffic. Completion success rate is particularly important in areas where
trucking of crude oil is common. It is less important in gas field areas
because, as the petroleum consultants mentioned, gas is predominantly
transported by pipelines. Statewide variability of completion success rate

is shown in Figure 7.

Production Per Well

The final variability parameter, production per well, describes the

expected decline in production over time at a well site in any Texas county.

Annual 0i1 Production (Bbls)

Production Per Well
Number of Producing 0il Wells

Annual Gas Production (Mcf)

Number of Producing Gas Wells

where 1 Bbl 42 U.S. Gallons

1 Mcf = 1000 cu. ft. gas
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STATE-TEXAS

DATE 1977-1982

LEGEND: CKWDSD 0%
<50 %

COMPLETION W SUCCESS RATE

Figure 7. Variability of Completion
Success Rate Parameter.
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Annual o0il and gas production figures were obtained from Annual Reports of
the R.R.C. 0i1 and Gas Division (1977-1982). Personnel in the Automated
Data Processing division of the R.R.C. conducted a special series of com-
puter runs to provide the necessary information on producing wells in each
county in Texas for 1979, 1980, 1981, and 1982. These figures, coupled with
the annual oil and gas production figures for each county, enabled the
computation of the production per well parameter (0oil and gas) for each
year. Gas production per well was not computed since gas wells were assumed
not to generate any additional production truck traffic.

Computing the parameter on a county basis, as opposed to a per well

basis, yielded some interesting results. Approximately half of the counties

demonstrated an increase in the production per well parameter over time!
Since this parameter was intended to model individual well production, the
increase meant production at the average oil well actually increases over
time. Thé increase is usually due to a surge in éctivity where a few ﬁew
0il wells produce at a high initial rate and cause a dramatic rise in annual
prpduction for a county. Andther logical explanation is the presence of
“work-over" operations in the county. These work-over operations seek to
increase the production from "old" or low-producing wells. Success of these -
work-over operations results in an increase in annual production without
increasing the ﬁumber of wells actually contributing to the production. In
either caSe, the production per well parameter for the county increases and
individual wells may appear to be produting more oil as they age.

The problems posed by short-term surges in production are magnified by
the small sample size currently available. In the future, more data points
will be available and a more reliable model of individual well production
can be defined for any county in Texas. Linear regression of the available

production per well data is currently the most practical method of defining
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coﬁnty modelsrof individual well production. Officials may, however, choose
to base théir models upon production per well data obtained during rela-
tively “quiet" periods of o0il and gas stability. As with all of the other
variability parameters described ih this report, local information shou]d be
used to supplement these parameters whenever it is available.

The production per well parameter is eventually used to convert barrels
of oil (or mcf of gas) pér well into trucks perwell. Conversations with
sevérai oil field servicing businesses indicated that the average capacity
of a crude oil tank truck is 180 barrels. As a result, the oil production
per well parameter can be converted into monthly crude oil truck traffic by
dividing byv2160, as shown below: |

trucks /well -1 year

, ) )X( )X(
month year 12 months 180 Bbls

1 truck

' : Bbls/well
Production Traffic ( (-

Production Per Well

2160
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The six variability parameters provide qualitative and quantitative
descriptions of oil and gas activity in a county. These parameters are vital
inputs into the analysis procedure because they are interrelated--each one
describing akdifferent facet of local oil and gas activity. Table 5
illustrates the interrelationships between the six variability parameters.

Table 5. Interrelationships Between 0il and
' Gas Variability Parameters.

Phase of 0il/Gas Well Development 1
Question

Drilling Production

Will it occur? Percent Drilled : Completion Success Rate

When? Lag Time Lag Time + Drill Time
For how long? Drill Time ‘ Production Per Well
either average or decline in Bbls/well

from drill depth

These variability parameters, in conjunction with current versions of the
density maps, provide the fundamental information for analyzing the impact

of oil or gas development on surface-treated pavements. in Texas.
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SAMPLE PROCEDURE

Many factors influence the level of regional oil and gas development
and its impact on flexible pavements. Some of these factors, such as pave-
ment thickness, subgrade plasticity index and 1iquid Timit, and average
daily traffic, are contained in local roadway inventory records. Other
factors, such as the oil and gas variability parameteré,.may be obtained
from R.R.C. records. The following discussion illustrates how the
variability parametérs are used to generate site-specific input data for the

0i1 Field Damage Program.

SDHPT District 11 (1977-1982)

SDHPT District 11 (Figure 8) was selected as the example district.
It comprises a nine-county area located in a heavily-forested region of East
Texas. In 1982, District 11 accounted for over 1.7 million barrels of crude
011 and over 76 billion cubic feet of gas.

The six variability parameters are based primarily upon the following:

1. Number of permits issued.
2. Number of spud-in wells.
3. Number of completion "W" wells.

4, Annual'oil and gas production.

Figures 9 through 18 depict the values obtained for each county in District
11 during the study period, 1977-1982. These diagrams were created using
SAS computer programs and SAS/GRAPH plotting capabilities. The variability
parameters have been extracted from Appendix A (County Variability Parame-
ters), illustrated in Figure 19, and tabulated in Table 6. Recommended

production truck traffic volumes for oil wells are given in Table 7. The
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SDHPT DISTRICT 11

Nacogdoches

San
Augustine

*

Houston

Sabine

Lufkin

Angelina

San
Jacinto

Figure 8. SDHPT District 11 County Map.
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Map.
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Figure 11. Total Spud-ins - District 11.
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Figure 14. Total Completion W's -
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Table 6. SDHPT District 11 0il and Gas Variability Parameters.

Variability Parameter
County Lag Time | Percent Drilledf Drill Time |Success Rate
Angelina 55 77.9 94 44.1
Houston 56 76.3 88 39.5
Nacogdoches 63 50.4 50 33.5
Polk 53 74.1 60 36.4
Sabine 77 - 57.1 25 26.8
San Augustine 35 56.5 12 6.5
San Jacinto 62 69.7 40 31.8
Shelby 45 68.6 76 30.1
Trinity 79 67.5 ; 69 15.0
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Table 7. Recommended Monthly 0i1 Production Truck
Traffic Volumes for SDHPT District 11.

Years of_Production*

County 1 2 3 4 51 6 7 8 9 10 111 |12
Angelina 0.5} 0.5}0.5}0.5}0.5}0.5}1.0}1.0]1.0}1.0}1.0]1.0
Houston 6.0 5.0)4.0]3.5]3.0}2.0}1.0}0.5] 0 J o] o] o
Nacogdoches {0.5] 0.5}0.5}0.5}0.5f0.5}00.5}0.5]0.5]0.5}0.5]0.5
Polk 3.013.0}2.0}2.0]1.5}1.0}0.5} 0 J o] o}o]o
Sabine o lo.sf1.5{2.5]3.5}4.5{5.5}6.5]7.5]8.5]9.5}0.5
san Augustinej 0 | o | o |o.5}0.5]0.5]0.5}0.5}0.5}0.5]0.5]0.5
San Jacinto J2.5)2.5)2.5]2.5}2.5]2.5]2.5}2.5]2.0]2.0]2.0]2.0
Shelby 1.0{1.0f1.0f1.0f1.0}1.0f12.0}0.5}0.5}0.5]0.5]0.5
Trinity 0.s}o.5{0.5005 0o J ol ofjolofo]ol]o
prstricT 11 J1.5]1.5)1.5] 1.5) 1.5} 1.0} 1.0} 1.0] 1.0 1.0] 1.0] 1.0

* Year 1 = First 12 months of production.
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necessary drill depth/drill time quartile information can be found in
Table 2.

The established information is useful in defining the level and general
characteristics of oil and gas fie]d development within the influence area
of a 1ight-duty flexible paVement. The following example illustrates the

actual data development process.

Example

Consider a 6-inch flexible surface-treated pavement in an area of new

611 and gés field development. The road is located in Nacogdoches County.
Current density maps indicate that 50 permits have been issued within the
inf]uehée areévof this surface-treated roadway. Thirty of the permits are
for gas wells and twenty are for oil wells. What input data values are
necessary to predict‘present and future pavement pefformance using the 0il
Field DamagévProgram? The 0i1 Field Damage Program predicts present and
future performance of surface-treated pavements using the fo]]owing input
data:

1. Intended-use ADT, directional distribution,

percent trucks, and annual growth rate.

2. Flexible base thickness.

3. Subgrade Atterberg limits (PI, LL).

4, Section maximum dynaflect deflection.

5. Texas county number.

6. Number of wells drilled in each month of deve]opmént.

The first five input items may be obtained from District records or field
studies. Definition of the sixth item, number of wells drilled by month,

requires use of the county variability parameters.
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The percent drilled parameter aids in computing how many oil and gas
wells will actually be drilled. Thus, for this influence area located in

Nacogdoches County;

]

Gas wells drilled = (30 wells)X(50.4%)

15 gas wells

0i1 wells drilled = (20 wells)X(50.4%)

10 0il1 wells

25

Total wells drilled

The 25 wells are'expected to be drilled in the influence area, based
upon previous oil and gas well drilling in the county. These wells may be
applied to the roadway at the beginning of the study period, 63 days into
the study period (using average lag time for the county from Table 6), or at
any rate and time which seems appropriate to the designer. The major con-
cern is that this application of development must be consistent with the
local activity.

The drill time parameter defines the avérage length of the dfilling
phase from spud-in date to final completion. For the 25 new wells in this
example, the expected drilling time may be given as 50 days (average drill
time for the county from Table 6) or any other reasonable value. If the
final drilling depth can be approximated for any of the wells being drilled,
the drill time/drill depth quartile tables (Tables 2-4) may be used instead.
These tables also provide a method of predicting the effect of individual
wells (given the R.R.C. permitted final well depth) on a given surface-

treated pavement.
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The completion success rate parameter defines the number of wells
expected to generate production activity. Thus, for the original 50 permits

issued in the case-study influence area:

Producing gas wells = (30 wells)X(33.5%)

= 10 gas producers

Producing oil wells = (20 wells)X(33.5%)

= 6 oil producers

Thus, 16 wells are expected to generate production activity. Of primary
concern are the six oil producers, since they will 1likely generate produc-
tion truck traffic on a periodic basis. The actual magnitude and duration
of this 0il1 production truck traffic may be taken from the recommended
values for Nacogdoches County in Table 7, or from other local estimates.
Production truck traffic from the 10 gas wells may be ignored, unless it is
specifically known that certain operators in the area are transporting gas
from various well sites by truck. As with all of the other variability
parameters, site-specific information should be used in Tieu of the regional

values whenever possible.

0il Field Damage Program Input Data

Typical characteristics of oil and gas field development in the sample
region are summarized in Table 8. Actual rate of the drilling activity
assumed in this example is given in Table 9. These two tables summarize the
input data necessary to use the 0il Field Damage Program to predict the

performance of the surface-treated pavement.
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Table 8. Input Data for District 11 Example.

Item Value Source
Intended-Use ADT 500 District Records
Traffic Distribution 50/50 District Records
Annual Growth Rate 5 percent District Records
Intended-Use %Trucks 5 percent District Records
Flexible Base Thickness 6 inches bDistrict Records
Subgrade PI 12.00% District Lab
Subgrade LL 41.63% District Lab
Maximum Dynaflect 1.55 mils District Records
County Number 174 Staté Records
Wells Drilled 15 gas Permits X Percent Drilled

' 10 oil
Average Lag Time 63 days County Value
Average Drill Time 50 days County Value
Wells Producing g ggi Permits X Success Rate

oi o

Gas Production Traffic

0i1 Production Traffic

0 trucks/mo.

0.5 trucks/mo.

Assumed

Table 7 (for first year only)
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| Table 9. Application of Development for District 11 Example.

Month Wells Drilled Well Type
1 1 0il
2 1 | Gas
3 1 Gas
4 1 0il
5 1 Gas
6 1 Gas
7 1 i
8 1 - Gas
9 | 1 Gas
10 1 0il
11 : 1 | Gas
12 1 | Gas
13 1 oil
14 1 Gas
15 1 Gas
16 | 1 0il
17 1 Gas
18 1 Gas
19 1 ©0il
20 1 Gas
21 1 Gas
22 1 0il
23 1 Gas
24 1 0il
25 1 0il
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CONCLUSIONS AND RECOMMENDATIONS

The formation of oil and gas deposits is the result of a complex series
of geological, chemical, and physical activities taking place over millions
of years. The characteristics of deposits in one area rarely hold true for
other nearby areas. As a result, site-specific relationships are truly
useful only for very small regions.

Previous studies have dehonstrated the dramatic impact of localized oil
field development on one rural surface-treated pavement. These studies have
dealt only with one’region of the state. The procedures described in this
report, however, represent an expansion from l1ocal to statewide applica-
bility. The variabi]ity parameters illustrated in the case study example
should enable the Department to deal with the~prob1ems posed by oil and gas

field development.

0il1 Field Damage Program Modifications

The previous example illustrates the development of input data for the
0i1 Field Damage Program. However the current version of the program is not
suitable for_statéwide use. Actual analysis cannot take place untilythe
fo]loWing modifications are made to incorporate the 0il and gas variability

information described in this report:

1. Input Different Drill Times.

2. Input Different Production Truck Traffic Characteristics.

Input Different Drill Times. The 0il Field Damage Program is presently

set to model wells with adrill time of 60 days. Most wells in Texas are
not drilled in 60 days, as indicated by the wide range of county average

drill time values. Adding this variable drill time capability would enable
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the program to examine the effect of drilling time (and possibly drilling
depth) on pavement performance.

Input Different Production Truck Traffic Characteristics. Variations

in production activity at different We11 sites require a modification of the
0i1 Fié]d Damage Program's modelling of production truck fraffjc. .Some
wells, such as dry holes and gas wells, are assumed to generate no
production truck traffic. Producing oil we]]s, however, may generate’truck
activity during production. The computer program should be modified to
reflect potential variations in the mégnitude and the duration of production

truck traffic activity within an oil field region.

Phase 1V COnsiderations

Phase III was intehded to expand the uti]ity of the earlier site-
specific results to statewide analysis of fndividua] surface-treated pave-
ments in o0il and gas field areas. This report, in conjunction with Report
299-5, satisfies the Phase III objectives. |

| 0i1 and gas well traffic is rarely conffned to just one road. Traffic
to and from the well site usually travels over a network of two or more
roadways. Most of these flexible rural pavements are surface-treated;
others are not. The current 0i1 Field Damage Program is not capable of
analyzing overlay, black base, and hot-mix flexible pavements. In addition,
‘the current program does not accommodate different dfi]1ing and production
characteristics. These limitations severely restritt the implementation of
the current study results. To improve the applicability of these results
for statewide Department use, the Technical Advisory Committee recommended

that the fo]iowing objeétiveé be considered in Phase IV of this study:
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1. Demonstrate the use of the current methodology in assessing and
predicting the effects of oil or gas field activity on a network
of flexible pavements.

2. Develop pavement distress equations for flexible pavements other
than surface-treated pavements.

3. Modify the 0i1 Field Damage Program for use with both the new
pavement distress equations and the Phase III variability para-

meters to analyze flexible pavehent networks.

Interpretation

Interpretation of the information contained in this report must con-
sider the generality of the input data. The descriptors of county activity

are based upon previous 0il or gas activity and may nbt specifically repre-

sent current characteristics at any one site. The case study example pre-
sented in this report was intended to illustrate the potential use of the

overall analysis procedure.

Recommendations for Future Research

The results of Phase IV will finalize the pfocedurebfor analyzing the
effects of oil or gas fieldkdevelopment on light-ddty, flexible rural
highways in Texas. Future research efforts should be directed towards
simplifying implehehtation and broadening the general applicability of the

study procedures:

1. Initiate a Unified State Plane Coordinate System.
2. Coordinate With R.R.C. Graphics Computerization Efforts.

3. Identify and Analyze Other "Special-Use" Activities.
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State Plane Coordinate System. Texas is now divided into five state
plane coofdinate regions. These regions, however, are independent of one
another and cannot easily be consolidated into one system. Such a unified
state plane ;oordinate system would aid immeasurably fn the accurate loca-
tion of towns, coenty lines, roadway mileposts, énd other similar geographic
landmarks usedtto create the regional density maps. The increased relia-
bility of the density maps wou]d be just one of many benefits accrued by the

Department from a unified state plane coordinate system.

R.R.C. Graphics COmputerization. The R.R.C. recently began a long-term

program aimed at computerizing all of their graphics materials. Such a
program would include their well location maps and lease maps. Assistance

in this effort by members of the Department could yield mutual benefits.

'Sgecfal—Use“ ACtivities. The vehicle mix and axle 1oads of trucks
used by the timber, grain, and gravel industries are atypica]. Reseerch is
currently underway to identify the activfty centers and unique traffic
characteristics generated by these localized "special-use" activities.
Future project efforts wil]vmaintain the generality of the 0il Field Damage
Program to preserve its potential utility in analyzing the effects of these

other load-intensive "special-use" activities.
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APPENDIX A

County Variability Parameters - by SDHPT District Number
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Percent Drill Success

District County Lag Time Drilled Time Rate
Delta 111 63.6 *% 0.0

Fannin ** 60.0 *% 0.0
Franklin 50 - 74.8 20 47.5

Grayson 51 65.7 74 32.2

1 Hopkins 39 77.1 43 16.9
Hunt 48 71.4 63 10.7

Lamar 46 84.6 *%k 0.0

Rains 52 77.8 80 27.8

Red River 65 58.1 27 - 18.0

Erath 53 73.0 51 45.8

Hood 28 64.1 30 37.4

Jack 51 65.3 34 38.3

Johnson 15 50.0 *% 0.0

2 Palo Pinto 45 74.6 25 45.0
‘Parker 37 73.1 35 40.5
Somervell 85 66.7 299 41.7

Tarrant 53 81.3 91 37.5

Wise 60 72.4 29 53.4

Archer 61 59.7 28 32.5

Baylor 55 65.5 10 22.2

Clay 52 67.1 35 38.1

Cooke _ 62 64.6 24 33.8

3 Montague 49 69.5 29 38.5
Throckmorton 51 67.2 24 30.8

Wichita 55 63.7 18 41.2
Wilbarger 46 72.1 15 47.5

Young 51 63.5 25 37.3

** No records'available to compute this parameter.
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. ; Percent Drill | Success
District County Lag Time Drilled Time Rate
Armstrong 20 100.0 *k 0.0

Carson 66 69.0 16 56.7

Dallam 117 83.3 119 16.7

Deaf Smith 65 53.8 *x 0.0

Gray 50 68.3 21 53.1
Hansford 56 80.1 36 32.2
|Hartley 73 72.5 54 17.5
Hemphill 48 83.7 69 52.9

4 Hutchinson 77 82.4 17 71.9
Lipscomb 59 84.0 - 29 54.0

Moore 70 67.6 17 51.6
Ochiltree 46 80.6 41 52.5

O0ldham 22 88.0 32 37.6

Potter 62 65.9 7 44,1
~|Randall 44 100.0 *k 0.0
Roberts 60 76.9 43 43.2

Sherman 62 77.2 23 31.7

Bailey 43 80.0 ol 0.0

Castro *k 100.0 *k 0.0
‘1Cochran 63 82.9 14 - 55.2
Crosby 59 81.7 23 65.6

Dawson 44 86.4 28 47.6

Floyd 39 - 100.0 129 4.8

Gaines 58 82.8 .24 52.2

Garza 60 84.4 32 57.2

5 Hale 80 68.8 24 35.9
Hockley 59 84.5 17 58.8

Lamb 47 82.7 20 22.7

Lubbock 51 89.9 18 57.0

Lynn 41 87.4 128 28.3

Parmer 50 57.1 *% 0.0

Swisher 13 92.0 ** 0.0

Terry 38 89.9 31 51.7

Yoakum 76 83.9 23 58.3

** No records available to compute this parameter.
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Percent Drill Success
District County Lag Time Drilled Time Rate
Andrews 65 80.3 22 65.3
Crane 55 79.6 24 6l.1
Ector 60 75.1 19 52.6
Loving 51 77.4 109 54.4
Martin 48 83.1 33 67.3
6 Midland 44 76.2 33 62.5
Pecos 56 70.8 65 48.8
Reeves 36 717.6 56 41.4
Terrell 61 73.9 138 37.7
Upton 48 75.4 38 55.6
Ward 63 76.0 45 57.0
Winkler 54 74.2 38 56.4
Coke 50 89.0 23 44.3
Concho 37 79.2 17 32.9
Crockett 52 74.5 22 51.7
Edwards 54 66.0 8 34.5
Glasscock 44 78.1 33 51.5
Irion 43 82.7 19 55.9
Kimble 43 77.0 17 14.8
Kinney 39 56.0 *k 0.0
7 Menard 25 76.2 23 23.8
Reagan 52 83.2 15 73.0
Real 17 55.6 *k 0.0
Runnels 49 76.8 22 35.5
Schleicher 42 79.3 26 39.1
Sterling 57 77.1 23 53.1
Sutton 55 81.8 12 55.4
Tom Green 38 76.9 35 35.8 -
Val Verde 88 54.9 128 20.3
Borden 50 80.9 43 33.5
Callahan 40 69.4 36 31.5
Fisher 43 77.6 26 38.2
Haskell 46 76.5 32 27.9
Howard 52 80.5 22 55.3
Jones 40 79.4 24 33.5
8 Kent 45 87.8 56 50.3
Mitchell 55 78.3 17 56.2
Nolan 46 77.9 31 41.2
Scurry 59 80.4 27 60.9
Shackelford 41 67.4 20 35.9
Stonewall 54 80.1 25 36.3
Taylor 49 77.0 25 35.7

55



: Percent Drill Success
District County Lag Time Drilled Time Rate
Bell 40 34.5 *k 3.4

Bosque ** 100.0 *x - 0.0

Coryell 8 100.0 *ok 0.0

9 Falls 54 54,2 47 21.7
Hamilton 35 58.9 56 19.6

Hill 34 44,3 198 5.7
Limestone 52 74.9 71 35.8

MclLennan 52 50.2 53 34,2
Anderson 49 62.6 88 36.3
Cherokee 44 78.8 74 45.4

Gregg 62 70.7 87 52.3

10 Henderson 61 81.3 87 51.6
Rusk 47 79.0 58 55.8

Smith 38 80.4 47 41.0

Van Zandt 42 79.5 84 26.3

Wood 53 77.8 24 51.4

Angelina 55 77.9 94 44,1

Houston 56 76.3 88 39.5
Nacogdoches 63 50.4 50 33.5

Polk 53 74.1 60 36.4

11 Sabine 77 57.1 25 26.8
San Augustine] 35 56.5 12 6.5

San Jacinto 62 69.7 40 31.8

Shelby 45 68.6 76 30.1

Trinity 79 67.5 69 15.0

Brazoria 63 63.8 73 32.9

Fort Bend 53 70.7 56 39,2

12 Galveston 84 66.0 45 34.4
Harris 82 64.1 46 31.9
Montgomery 51 71.6 32 36.7

Waller 53.4 83 - 33.7

** No records available to compUte this parameter.
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Percent Drill | Success
District County Lag Time Drilled Time Rate
Austin 56 59.8 93 33.9
Calhoun 60 66.5 45 28.1"
Colorado 46 70.9 64 30.8
DeWitt 49 73.6 55 29.2
Fayette 49 76.3 50 63.9
13 Gonzales 43 72.1 48 56.0
Jackson 62 69.1 31 40.1
Lavaca 42 - 67.8 110 35.6
Matagorda 73 68.4 74 31.7
Victoria 47 68.8 58 38.5
Wharton 54 66.8 53 33.6
Bastrop 89 48.2 74 24.4
B'l anco ok *%k *% *k
Burnet k% 0.0 *% 0.0
Caldwell 40 69.4 36 31.5
G-i]]esp-ie *x *% * % *%
14 ‘Hays *k 50.0 *k *k
Lee 38 73.6 36 56.8
L] ano *k *% *% *%
Mason *%k *% *k *% .
Travis 20 40.6 *% 15.6
Williamson 61 29.5 76 5.3
Atascosa 49 57.8 48 41.1
Bandera 48 70.0 *% 0.0
- Bexar 74 54.7 48 48.0
Comal ek 0.0 *k 0.0
Dimmit 42 71.3 63 41.3
Frio 47 64.9 42 46.1
Guadalupe 69 58.2 73 50.1
15 Kendall 43 57.1 ol 0.0
Kerr 4 55.6 *% 11.1
LaSalle 58 65.9 57 25.2
Maverick 47 68.6 40 37.5
McMullen 56 70.5 59 17.7
Medina 84 46.5 59 35.6
Uvalde 34 50.0 *k 0.0
Wilson 47 66.0 52 46.5
Zavala 46 72.3 47 33.3.

** No records available to compute this parameter.
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Percent | Drill | Success

District County Lag Time Drilled Time Rate
Aransas 83 66.3 54 31.7

Bee 48 75.0 34 25.6

Goliad 44 70.1 40 34.1

Jim Wells 41 ' 71.3 55 29.5

16 | Karnes 49 74.6 62 16.9
Kieberg 44 53.1 29 25.8

Live 0Oak 53 78.8 70 19.5

Nueces 62 68.5 49 36.3

Refugio 57 56.6 62 37.5

San Patricio 52 68.6 48 35.7

Brazos 30 77.5 53 59.3

Burleson 44 84.2 36 76.4
Freestone 42 76.0 72 50.5

: Grimes 65 80.0 77 39.4

17 Leon 47 73.6 107 44,5
Madison - 55 68.9 63 46.2

Milam 73 44,5 70 31.4
Robertson 38 ' 75.8 87 42.4

Walker 56 80.9 41 14.7
Washington 48 75.6 70 48.0

Collin 9 66.7 ** 0.0

Dallas 31 33.3 *k 33.3

' Denton 50 50.0 60 17.9
18 “E1lis 45 43.8 ' 19 36.3
Kaufman 58 76.4 133 15.3

Navarro 66 48.8 62 33.4

‘Rockwall - 31 100.0 *% 0.0

Bowie 67 82.4 63 17.6

Camp 47 69.8 43 45.3

Cass 43 83.2 67 42.6
Harrison - 50 78.9 51 55.7

19 Marion 47 79.9 41 36.5
Morris 51 87.5 *% 0.0

Panola 60 81.0 61 59.9

Titus 75 73.4 35 52.6

Upshur 44 81.3 61 51.6

** No records available to compute this parameter.
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Percent Drill Success

District County Lag Time Drilled Time Rate
Chambers 72 62.2 48 33.1

Hardin 70 66.2 42 41.8

Jasper -70 66.7 81 35.8

20 Jefferson 63 63.5 57 30.7
Liberty 64 60.1 b1 29.1

Newton 45 73.6 95 22.5

Orange 62 74.7 62 37.1

Tyler 53 68.8 225 31.3

Brooks 40 70.9 35 27.8

Cameron 40 65.6 224 19.4

Duval 46 86.6 59 12.1

Hidalgo 47 72.0 74 39.4

21 Jim Hogg 36 84.6 32 16.0
Kenedy 46 65.5 28 - 32.6

Starr 48 70.9 57 39.3

Webb 43 78.7 62 45.5

Willacy 45 66.8 42 39.3

Zapata 37 72.1 68 38.7

Brown 52 60.1 21 36.5

Coleman 40 63.5 25 34,3

Comanche 38 67.5 25 38.6

Eastland 41 65.4 27 38.8

23 Lampasas 6 100.0 ** 0.0
McCulloch 43 66.1 35 18.2

Mills 34 60.0 *k 0.0

San Saba 22 54,2 *k 0.0

Stephens 49 73.7 28 46.6
Brewster 50 91.0 *% 0.0
Culberson 33 85.2 16 36.2

24 E1 Paso *k 0.0 ok 0.0
Hudspeth 58 61.1 *x 0.0

Jeff Davis ok 100.0 *k 0.0

Presidio 38 95.4 *x 0.0

** No records available to compute this parameter.

59




4 - | - Percent Drill | Success
District County Lag Time Drilled Time Rate
Briscoe 87 94.4 82 0.8
Childress 17 80.0 *x 3.3
Collingsworth] 54 73.0 28 46.7

Cottle 37 85.7 59 22.9

Dickens 25 - 83.3 18 3.0

Donley 75 33.3 *k 0.0

25 Foard 38 65.5 20 24,1
Hall 46 70.0 *k 0.0

Hardeman 42 75.1 39 27.8

King 37 78.6 18 - 33.5

Knox 34 74.6 17 23.9

Motley 50 84.0 17 12.0

Wheeler 48 73.3 85 45,9

** No records-available to compute this parameter.
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