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INTRODUCTION 

The purpose of this report Is to provide a range of production 

projections and employment projections for Colorado's oil and gas 

Industry through the year 2000. A number of variables affect the 

employment within the Industry. The "macro" factors Include world oil 

price, competition from foreign sources, government regulations, 

marketing forces and over-and-under utilization of production capacity. 

The "micro" factors Include regional transportation capabilities and 

options, geologic formations, size of reservoir and proximity to other 

active sites. These factors affect employment trends both dependently 

and Independently. 

Although a general relationship exists between employment and 

production, the most prominent factors are price per production unit and 

the market for these products. The key variables examined 1n this report 

are reserves and decline rates, drilling activity related to both price 

and markets and production. The estimates are based on a delphl approach 

using the expertise of producers 1n the major fields of the state. As 

with all projections, the shorter term outlooks may present a more 

realistic view of the oil and gas Industry future 1n the state. 

FACTORS AFFECTING PRODUCTION 

Production trends reflect a variety of both national and 

International Influences 1n the Industry. The resulting employment 

trends cannot be based on a single factor; however, general trends can be 

Implied from the behavior of certain Influences. The dynamics of the 

Industry have changed drastically over the past decade. In the last 

four years, a variety of factors Including conservation, Improved 

technologies, declining oil prices, overproduction of gas, deregulation 

of prices and high Interest rates have reduced drilling activity and 

caused a major drawdown 1n reserves. New discoveries have not been 



sought to replace reserves produced. Changing government regulations 

have also changed the character of the Industry. The deregulation of oil 

1n 1981 was opportune from the standpoint of allowing price flexibility 

In a declining market. The phased decontrol of natural gas coupled with 

the renegotiation of take-or-pay contracts has resulted 1n some major 

structural changes 1n the Industry. 

The most prominent factors affecting production are the price and 

the market for these products. Both of these variables have a 

significant Impact on the exploration and production phases of a 

project. In general, they have caused a decrease 1n drilling and a major 

drawdown 1n reserves. New discoveries have not been sought to replace 

reserves produced due to adverse economic conditions. 

The price per barrel of oil has a direct Impact on demand which In 

turn affects the amount of drilling activity. A decrease 1n the price 

per barrel can slow drilling. For example, 1f the cost to drill a well 

remains constant from year to year but the profit margin is lower due to 

declining selling prices, it may not be economically feasible to continue 

to explore and develop new wells. Therefore, reserves will not be 

replenished. If the price per barrel increases, exploration and drilling 

activities would accelerate. Additional reserves would be discovered 

which could become more economically attractive with higher prices. 

An example of this situation 1s taken from the Annual Energy Outlook 

1983 by the Department of Energy: 

". . . the doubling of oil prices in real terms following 
the Iranian revolution, combined with normal constraints on 
the pace at which major new oil resources can be developed, 
made many of the small, higher cost, lower potential 
deposits 1n this country profitable and stimulated the entry 
of many more small drilling operators. The search for lower 
potential deposits and the employment of increasingly 
less-efficient crews and equipment led to a drop 1n the 
domestic crude oil finding rate (the average volume of 



reserves added per foot drilled) in the 1979 through 1982 
period, roughly 25 percent lower than that experienced 1n 
the preceding years." 

Higher world oil prices would most likely stimulate the development and 

exploration of both oil and gas reserves. These higher oil prices could 

stimulate the demand for gas as a substitute for oil 1f gas were cheaper on 

a delivered energy basis. 

The annual decline 1n gas consumption since 1980 is due to the combined 

Influences of rising gas prices under phased deregulation, a weak economy, 

conservation, milder temperatures, substitution with coal and falling oil 

prices. This resulted in gas bubbles 1n many regions of the country where 

pipeline companies had supplies in excess of demand. Therefore, many gas 

wells were drilled, completed, and then shut-1n. This resulted In a severe 

downturn in gas well exploration and development. 

The cost of recovering proved oil and gas reserves varies greatly with 

the location and physical characteristics of individual reservoirs. A 

single large reservoir is generally less expensive to develop per unit of 

production than many small scattered reservoirs. Other factors that could 

affect gas prices Include: additional imports from Canada and/or Mexico 

which would displace the more expensive domestic gas; more rapid development 

of deep sources of gas; and Increased production of 'associated' gas if 

domestic drilling activity intensifies. The down-scaling of off-shore oil 

reserve estimates may affect the economics of on-shore fields. 

New reserves must be expected to come from deeper and smaller deposits 

which will be more expensive to produce. To accommodate the country's 

growing petroleum consumption, Imports of crude oil and natural gas liquids 

are expected to Increase 1n the future. 

In general, the total cost of maintaining current reservoir levels 1s 

expected to Increase. Oil and gas are non-renewable resources; therefore, 

1t will take more time and expense to locate and develop new sources of 

supply. 



If conventional petroleum becomes much more expensive, a variety of 

known technologies can be expected to replace current oil and/or gas 

production processes. Natural gas may become a less expensive substitute 

for oil. The potential resource base for oil will Increase with the 

development of unconventional heavy crude oils, shale oil, tar sands, 

gasoline and other liquid and gaseous fuels from coal. 

THE STEPS TO DRILL A WELL 

Drilling oil and gas wells requires a mobile labor force that Is at a 

given site for only a very short period of time. The size of the 

drilling crews Is not only related to the size of the job, but also to 

the geologic conditions and geographic accessibility which affect the 

effort required to complete the tasks. For convenience, the state Is 

divided into two slightly differing geological areas: 1) Eastern 

Colorado and 2) Western Colorado. The major factors which distinguish 

these two areas include drilling location accessibility and type of 

formations. Wells in Eastern Colorado are more easily accessible since 

there are more roads, vegetation Is sparce, well spacing 1s generally 

close and topography is less severe. Generally, formations in Western 

Colorado are harder and, therefore, require more time to drill. Eastern 

Colorado Includes the producing areas of the Denver Basin, Las Animas 

Arch, Hugoton Embayment, Raton Basin and the Canon City Embayment. 

Western Colorado includes the producing areas of the Sand Wash Basin, 

Piceance Basin, San Juan Basin, Paradox Basin, Uinta Basin and North Park 

Basin. 

In general, there are two phases to the development of a field. The 

first phase Includes preparing the drill site, Installing the rig, 

drilling and evaluation. The second phase involves Installing the 

appropriate hardware for production and maintenance of the site. The 

steps are described below in detail. Each step includes the average 

person-days required for completion. 



PHASE I - ASSESSMENT 

Step 1: Preparing the drill site - Eastern Colorado - 16 person days 

Western Colorado - 28 person days 

Once it Is decided to drill a well, leases are signed and drilling 

contracts are finalized. The operating company then determines the exact 

location to drill. The drilling contractor prepares the site for rig 

set-up and additional equipment. This Includes clearing and leveling the 

land, building access roads, providing water, and digging mud pits. 

Step 2: Rigging up - Eastern Colorado - 16 person days 

Western Colorado - 32 person days 

The contracted crew moves the rig and leased equipment on location so 

drilling can commence. 

Step 3:. Drilling - Eastern Colorado - 112, 240, and 400 person days 

for shallow, Intermediate and deep holes, 

respectively. 

Western Colorado - 196, 640, and 960 person days 

for shallow, intermediate and deep holes, 

respectively. 

Drilling begins and continues until soft unstable surface formations 

(I.e., gravel beds, alluvium) have been drilled. The drill pipe Is 

pulled (tripped out) and surface casing 1s run and cemented Into place. 

An Independent casing crew moves 1n to run the casing, while an 

Independent oil well cementing service company usually performs the job 

of cementing the casing in place. To resume drilling, the drill stem and 

a new, smaller bit are tripped back Into the hole and drilling 

continues. As formations get harder and drilling progresses, round trips 

are necessary to replace worn bits and to facilitate testing. Depending 

on the final depth of the well, intermediate string casing may be run and 



cemented. Drilling continues until the final proposed depth or formation 

is encountered. Often, whole cores (coring) are taken rather than 

drilling through these formations. Coring a well adds considerable delay 

1n drilling time as the coring process is slow. 

Step 4: Formation evaluation - Eastern Colorado - 10, 18, and 28 

person days for shallow. 

Intermediate and deep holes, 

respectively 

Western Colorado - 17, 43, and 63 

person days for shallow, 

intermediate and deep holes, 

respectively 

Examination of drill cuttings by the geologist may Indicate the 

presence of hydrocarbons. Well logging also allows for rock properties 

to be evaluated to determine whether oil and/or gas are present in 

sufficient quantities to be economic. Drill stem testing allows for 

measuring down hole formation pressures. In addition, fluids can be 

sampled and analyzed. This test procedure also adds additional time to 

the drilling process. 

PHASE II - PRODUCTION 

Step 5: Setting production casing - Eastern Colorado - 3 person days 

Western Colorado - 3 person days 

Depending on the outcome of the various tests run 1n the well, the 

company decides whether to set casing or plug the well. If hydrocarbons 

are not present, or are 1n uneconomic quantities, the well is plugged and 

abandoned. 

If these hydrocarbons are thought to be present in economic 

quantities, production casing will be set. Pipe is hauled to the 

location and tested. Before running casing in the hole, a final run into 



the hole Is undertaken. This allows for a check of possible bridging and 

settling of cuttings on the bottom. Once the hole is clean, the 

production casing is carefully made up. This requires a contract casing 

crew, independent of the drilling crew. The drilling contractor usually 

moves the rig to the next location after casing has been cemented; 

however, the rig can remain on site until tubing and placement of the 

wellhead occur and the well 1s producing. 

Step 6: Completion methods - Eastern Colorado - 3 person days 

Western Colorado - 3 person days 

Often a smaller rig 1s moved on location to perform the operations 

necessary to put the well into production. Three methods are most 

commonly used to complete a well: open-hole completion, linear 

completion, and perforated casing completion. Perforated casing 1s the 

most commonly used method. Completing a well requires an Independent 

operating crew. Once the well 1s perforated, It Is swabbed and fluids 

are then allowed to flow to the surface. If the well does not flow after 

being swabbed, a pump 1s installed as a permanent lifting device to bring 

the hydrocarbon fluids to the surface. The well is then tested. These 

can Include a 24 hour production test, a bottom hole pressure test over a 

24 to 48 hour period and a productivity test. 

Step 7: Well stimulation - Eastern Colorado - 12 person days 

Western Colorado - 3 person days 

These methods Include acid treatment and hydraulic fracturing which 

allow or expedite the flow of oil and/or gas to the well bore. 

Step 8: Well service and workover - Eastern Colorado - 18 person days 

Western Colorado - 12 person days 

Well servicing Is the maintenance work performed on an oil or gas 

well to Improve or maintain the production from a formation already 



producing. This requires a well servicing unit and crew. Most commonly 

the servicing Involves work related to artificial lift Installations, 

tubing, sucker rod repair and work on other downhole equipment. 

Step 9: Routine maintenance - Eastern Colorado - 2 person days 

Western Colorado - 5 person days 

This can include replacing worn out pump parts, broken rods, gas-lift 

devices, repairing tubing leaks, replacing packers and cleaning out the 

well. 

After discussing the person days Involved in the various drilling 

procedures with numerous operators 1n Colorado, the total number of 

person days to complete a well can be determined. This Information is 

summarized below: 

Average Time Required to Complete Drilling 

011 and/or Gas Wells in Colorado 

Time to Complete'(Person Days) 

Depth Eastern Colorado Western Colorado 

Shallow well 

(0-5000 feet) 211 280 

Intermediate well 

(5,000-10,000 feet) 347 750 

Deep well 

(greater than 10,000 feet) 517 1,090 

The many steps Involved in drilling are completed by individual 

crews. These crews are at one site only until their job is completed. 

Then, they leave the site. Therefore, crews rotate from site to site. 

These crews are not restricted to work within one county, basin or state. 

8 



ADDITIONAL REQUIREMENTS 

In certain geologic situations, alternative methods are required to 

induce production. Secondary and tertiary recovery methods include water 

flood, saltwater disposal, high pressure gas drive, enriched gas drive, 

misclble flooding and thermal processes. The length and number of persons 

required to complete such jobs vary greatly with the size of the field, 

type of Injection project and preparations required to initiate such 

projects. Effects of secondary recovery also vary with the type of 

project and reservoir. Most projects require few additional wells to be 

drilled; therefore, the effect on employment 1s slight. 

EMPLOYMENT PROJECTION METHODOLOGY 

The Colorado Geological Survey has prepared estimates of oil and gas 

reserves for the major oil producing counties of Colorado. These open 

file reports contain the methodologies for calculating reserves, actual 

reserve estimates, county location maps and the field-horizon historical 

production decline curves. As a general rule, oil and gas fields are 

older and are becoming rapidly depleted. New discoveries are not being 

found to replace the reserves that are being produced. Major 

augmentations to production which could reverse- the declining trend 

Include secondary and tertiary production technologies for oil, the 

production of C0„ and gas from tight sands. Table I contains the 

projected decline rates for the oil and gas producing counties in 

Colorado. 

Using the production decline curves and the current best outlooks of 

the Industry, production estimates can be made by county in Colorado. 

From a random survey of numerous petroleum companies, little change is 

expected 1n the number of oil and/or gas wells drilled during the 



1980's. Therefore, the amount of drilling will probably be comparable to 

existing levels. For the years 1990 through 2000, a slight Increase In 

drilling activity is anticipated. 

Based on the data, production estimates can be developed. Tables 2, 

3, and 4 contain oil production by county 1n low, intermediate, and high 

scenarios, respectively. Tables 5, 6, and 7 contain gas production 

estimates for low, intermediate, and high scenarios, respectively. The 

low scenario reflects a significant decline 1n exploration and drilling. 

The intermediate scenario is based on established trends of the past 

which are projected to continue assuming no significant changes 1n demand 

or technology. The high case reflects a significant increase 1n 

exploration and drilling based on market and price changes as well as 

technology changes. 

Inherent In the production decline curves for each field is the 

"stage of production" of that field. That stage of production Is 

reflected in future production trends. Early Stage Includes new 

production and new significant discoveries.. Middle Stage includes 

production which Is beginning to establish consistent decline where new 

production or new discoveries are not prominent factors. Late Stage 

includes production which has reached a point where no new drilling or 

new discoveries have affected the decline for some time. 

Drilling activity trends can be applied to the historical data on the 

number of wells drilled within each county. The number of wells 

projected to be drilled can be further subdivided Into the range of those 

likely to be oil wells, gas wells or dry holes. Using this approach an 

estimated employment figure can be obtained. 

The numerous steps Involved In developing a well described in the 

previous section are translated to employees using the methodology of 

appendix I. Sample calculations are also Included. The employment 

estimates for drilling, completing or plugging a well and servicing a 

well for each producing county 1n Colorado are contained in Tables 9, 10, 

10 



and 11 for the low. Intermediate, and high production scenarios, 

respectively. These estimates are based on employment rates projected by 

the industry through a delphi process and summarized in Table 8. The 

employment figures are projected based on 1982 as the base year. 

Several other factors can Influence employment in this Industry and 

must be considered as updating becomes necessary. These Include: 

o newly planned secondary and tertiary recovery projects (OGCC); 

o new significant pay discoveries (OGCC); 

o significant new field discoveries (OGCC); 

o large offerings of state and/or federal leases; and 

o drastic changes in the availability of significant worldwide 

supply as a result of political or military action. 

CONCLUSIONS 

The Petroleum Industry can be separated Into three basic segments; 

exploration, production, and refining and marketing. Activity 1n each is 

dependent on many variables, I.e., world economics, politics. Interest 

rates, war and supply and demand. Each, to a degree, affects the 

industry. In Colorado the effect is most directly felt In exploration, 

while to a lesser extent, in production and refining. 

Exploration and its related employment swings with the return on the 

Investment dollar. Higher oil and gas prices means more exploration, 

while lower oil and gas prices, the converse. 

Production of oil will be at a maximum of capacity as long as the 

United States 1s crude deficient. In Colorado, due to the age of the 

major fields and Inability to discover more reserves than yearly produc­

tion, the state will suffer a gradual production decline over the next 

twenty years. 

11 



Gas production shows more variables and directly reflects capacity, 

weather and prices. 

Because of the limited refining capacity In Colorado, this segment of 

the Industry should remain stable or show a slight steady rise due to 

population and demand Increases. This can be tempered by product Imports. 

In conclusion, unless significant new discoveries are made or C0_ 

enhanced recovery projects show great success, crude oil production will 

show a steady decline regardless of price. Natural gas production will 

show a steady decline with some fluctuation due to demand based on 

weather, reserves and Imports. Production and refining form a steady 

employment base while exploration employment will rise and fall with the 

projected return on investment. 

12 



APPENDIX I 

EMPLOYMENT PROJECTION METHODOLOGY 

The following methodology has been derived by the Colorado Geological 

Survey to prepare estimates of future employment trends 1n Colorado's oil 

and gas industry. 

Step 1 - Divide known or estimated number of wells actually producing 

1n each county by 13, which is the average number of producing wells (oil 

and/or gas) one person can service daily. Multiply this by 365 days 

(number of days well 1s serviced each year) to obtain the number of 

person days (1 year) spent in the county by well service workers. 

Example: In Adams County, 1,037 wells were producing as of December 

1982. Dividing 1,037 by 13 equals 80, times 365 equals 29,115 person 

days spent In Adams County by well service workers for 1982. 

Equation 1: (N ) 365 = Pdj 

13 

Where, N = number of wells producing in county 

nber of person d 

for well upkeep 

Pd. = number of person days spent in county 

Step 2 - Multiply the known or estimated number of wells drilled 

annually in county by the person days required to complete Phase I 

drilling procedures. This results 1n the number of person days spent in 

the county to complete Phase I drilling procedures. 

Example: In Adams County 290 wells were drilled In 1982, times 306 

(number of person days required to complete Intermediate Phase I 

13 



procedures) equals 88,740 person days spent 1n Adams County to 

complete Phase I drilling procedures. 

Equation II: N x P, = Pd 

Where: N = number of wells drilled in said county 

P, = number of person days required to 

complete Phase I procedures 

»r of person days spent in cc 

to complete Phase I procedures 

Pd? = number of person days spent 1n county 

Step 3 - Multiply the known or estimated number of wells drilled 

annually in county by the average success ratio calculated for each 

county. The average success ratio 1s determined by calculating the 

percent chance of drilling a producing well. These are calculated for 

the past six years and then averaged. For example, if 100 wells were 

drilled 1n Adams County and 40 were classified as oil wells, 20 as gas 

wells, and 40 were dry holes, there Is a 60 percent chance of drilling a 

producing well and a 40 percent chance of drilling a dry hole. Multiply 

this number by the person days required to complete Phase II drilling 

procedures. 

Example: In Adams County, 290 wells were drilled in 1982. The 

average historical success ratio 1n Adams County is 52 percent oil, 

11 percent gas, and 33 percent dry holes. Therefore, a 63 percent 

chance of drilling an economically successful well or 183 of the 290 

wells drilled are completed. Multiplying 183 times 41 (the number of 

person days required to complete Phase II procedures) equals 7,503 

person days spent in Adams County to complete Phase II drilling 

procedures. 

14 



Equation III: (N x SR) x ?2 = Pd3 

Where, N = as above 

SR = average success ratio 

P_ = person days required to complete Phase II 

procedures 

Pd_ = person days spent 1n county to 

complete Phase II procedures 

Step 4 - Total all the person days calculated in Step I through Step 

III. This is the total person days spent 1n the county per year. This 

number 1s then divided by the average number of days each person works 

per year, which 1s estimated to be 230 (based on an average of 46 working 

weeks). This results In the number of workers spending one working year 

in the county. 

Example: Step I required 29,115 person days, Step II required 88,740 

person days, and Step III required 7,490 person days, totalling 

125,346 person days spent In Adams County in 1982. Divide 230 into 

125,346 to obtain 545 persons spending one working year 1n Adams 

County in 1982. 

Equation IV: Pd, + Pd2 + Pd„ = Pd 

& 

Where, Pd., Pd , Pd = as above. 

Pd = total person days spent 1n 

county to upkeep, drill, 

and complete wells. 

Pd = W 

230 

Where: W = number of workers spending on working year 

in county. 

Where Pd = as above. 

15 



Step 5 - The final significant employment factor to consider is the 

seismic industry. All seismic data records are kept on a statewide 

basis. They cannot be divided between the counties based on any known 

relationships. During 1983, there were three main areas 1n Colorado 

where seismic crews were active: Craig (Moffat County), Durango/Cortez 

(Montezuma/La Plata Counties), and Kit Carson/Limon (Lincoln/Kit Carson 

Counties). 

One approach is to assign seismic employees by Eastern Colorado and 

Western Colorado, rather than by county. The average crew size in 

Colorado Is 25 persons. The average job run lasted between three and 

nine months. A good job, start to finish, is considered to be 200 line 

miles, but the average job is 50-150 line miles. In 1982/1983, 6,632 and 

7,138 line miles were run 1n Colorado, respectively. These totalled 141 

and 176 crew months (one crew or 25 people working one month), 

respectively. This equates to 460 persons (in 1982) and 574 persons (in 

1983), working for one month in Colorado; where the average crew size Is 

25 persons, a crew month is 25 persons working one month (30 days) or 750 

person days per crew. Multiply this estimate by the number of crew 

months and divide by 230 (average number of days worked In one year) to 

obtain the number of people required to do the job. It will be 

arbitrarily assumed that two-thirds of these persons worked in Western 

Colorado and one-third in Eastern Colorado. It will also be arbitrarily 

assumed that one-half of the two-thirds work force in Western Colorado 

are located In Moffat County, and the remainder in Montezuma and La Plata 

Counties. This results 1n additional employment of 153 persons 1n Moffat 

County and 153 persons in Montezuma and La Plata Counties. The one-third 

for Eastern Colorado are located in Lincoln and Kit Carson Counties, 

resulting in additional employment of 153 persons. 

It is most common 1n the petroleum industry to regard seismic 

exploration with utmost secrecy. While polling the numerous companies, 

none would reveal or Indicate what direction the seismic industry would 

16 



take In Colorado. These circumstances do not therefore allow for this 

employment factor to be Incorporated into the employment projections 

presented In this report. This factor must be considered independently 

each year (by polling the various seismic companies) and added Into those 

projected figures In Table II. 

6285 
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Oilfield Terminology 

Artificial Lift - when a mechanical pumping device is installed at the well 
head to forcibly bring hydrocarbons to the surface. 

Associated Gas - natural gas that occurs in association with oil in a 
reservoir. 

Bridging - a large rock fragment or fragments or other obstruction that has 
fallen & lodged part way down in a drill hole. 

Cement - to cement or secure casing into place so it does not slip down hole 
over another interval; a liquid slurry of cement is pumped through a valve at 
the top of the casing to the bottom, pressure forces it out the bottom and up 
between the wall of the well bore and the outside of the casing. 

Crew/Month - a party of persons (around 25) working one month on a geophysical 
(usually seismic) crew. 

Drill Cores - a cylindrical column or piece of solid rock or section of soil 
taken as a sample of an underground formation by a special hollow-type drill 
bit and brought to the surface for analysis. 

Drill Cuttings - rock chips or fragments produced by drilling and brought to 
the surface. 

Down Hole - below the ground surface within the well bore. 

Drill Pipe - a long heavy, steel pipe or hollow rod that drives the motion 
from the rotary table at the surface to the attached bit at the bottom of the 
hole. The drill pipe, also conducts the drilling mud from the surface to the 
bottom. 

Drill Stem - a term used for drill pipe or drill string. 

Frac - to mechanically or physically create fractures within a specified 
interval to encourage or facilitate the flow of fluids to the well bore. 

Line Mile - a unit of measure for geophysical work such as indicating 
continuous coverage over one mile of seismic line. 

Open Hole - a well or borehole or portion thereof, that has not been cased at 
the depth referred to. 

Packer - a device used in boreholes~to block or pack off a specified interval 
so that fluids from other intervals will not flow to the surface. 

Perforate - to puncture the well casing opposite an oil or gas-bearing zone to 
permit oil or gas to flow into the well bore. 

Plug - the act or process of stopping the flow of water, oil or gas in stratum 
penetrated by a borehole so that fluid from one stratum will not escape into 
another or to the surface. 

19 



Production casing - steel pipe used specifically to cover the interval to be 
perforated and to keep the hole open for production tubing and pumping 
apparatus. 

Reserves - hydrocarbon discovered, developed and producible, but not yet 
produced. 

Reservoir - beds in which oil and or gas accumulates. 

Round Trip - the process of pulling drill pipe out of the hole to change bits 
or perform other operations then running drill pipe back into the well bore to 
resume drilling. 

Run Casing - to place the large-diameter steel pipe into the hole to prevent 
the walls of the well from caving in. 

Secondary Recovery - recovery obtained by any method whereby oil or gas is 
produced by augmenting the natural reservoir energy. 

String - a set of well-drilling tools, pipe and drilling equipment used in 
drilling. 

Surface Casing - large-diameter steel pipe set at the top of the well bore, 
usually several hundred feet. 

Swabbed - a temporary operation that lowers the fluid level in the well so 
that it can begin to produce; lifting fluids out of the borehole. 

Tertiary Recovery - methods used to increase ultimate oil production beyond 
that achievable with'primary and secondary methods by increasing the 
proportion of the reservoir affected, reducing the amount of residual oil in 
the formation, and reducing the viscosity of thick oils; also known as 
enhanced oil recovery. 

Trip (Tripped) Out - pull the whole drill stem and bit out of the hole, allows 
for changing bits, running samples, or other operations in the borehole. 

Tubing - nearly always freely suspended pipe or tubing in the well from the 
casing head, allows fluids to flow or be pumped from specified interval to 
surface. 

Well Head - the surface equipment attached to the well bore, used to maintain 
surface control of the well fluids and pressures. 

Well Logging - the use of geophysical measurements from instruments lowered 
down boreholes to obtain physical or engineering data about the rocks below 
the surface. 
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Contacts made for Employment Projections 

Petroleum Information 
Denver, Colorado 
740-7100 
Ms. Kim Strawberry Merret or Bob Mole 

Drilling Records, Inc. 
Denver, Colorado 
694-3636 
Mr. Alan Richards 

N.L. McCullough 
Denver, Colorado 
278-3822 

Copeland Supply Co. 
Grand Junction, Colorado 
245-2695 

Society Engineering Geophysicists 
Tulsa, Oklahoma 
918-743-1365 
Ms. Sally Shank 

Hughes Tool 
Houston, Texas 
713-924-2764 
Shi rley 

Davis Mud 
Casper, Wy 
307-237-2581 
Mr. Bob Valerios or Mr. Keith Stetson 

N.L. Baroid 
Denver, Colorado 
278-2833 

Halliburton Service 
Denver, Colorado 
893-8969 
Shelly 

Western Company 
Denver, Colorado 
831-7878 

Seismograph Service Company 
Denver, Colorado 
861-4476 
Lynel1 

Norpac Seismograph Service 
Denver, Colorado 
694-3666 
Mr. Elton Rozell 

Magcobar 
Denver, Colorado 
293-0500 

Geophysical Services Inc. 
Denver, Colorado 
455-2783 
Ms. Marion Sukora 

Drilling Mud, Inc. 
Denver, Colorado 
831-0901 

Service Mud 
Denver, Colorado 
450-8036 

Dresser Atlas 
Denver, Colorado 
293-0600 

Sampson Resources 
Denver, Colorado 
292-4127 
Mr. Norm Hoag 

Ladd Petroleum 
Denver, Colorado 
620-0110 
Ms. Pat George 

Mr. Mark Haefele 
Amoco Production 
Denver, Colorado 
371-2480 
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Schlumberger 
Denver, Colorado 
292-5207 

Chevron, U.S.A. 
Denver, Colorado 
691-7000 
Mr. Stan Walker 

Division Employment & Labor 
Denver, Colorado 
866-6329 
Mr. Al Rose or Mr. Ken Anderson 

Coors Energy 
Golden, Colorado 
278-7030 
Mr. Bob Martin 

Amoco 
Denver, Colorado 
830-4040 
Mr. Ray Gil ley 

Independent Petroleum Association 
of America 
Washington, D.C. 
202-857-4760 
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Table 1 
Projected Production Decline Rates 

County Low Intermediate High 

Adams 
Arapahoe 
Archuleta 
Baca 
Bent 
Boulder 
Cheyenne 
Delta 
Dolores 
Elbert 
Fremont 
Garfield 
Huerfano 
Jackson 
Jefferson 
Kiowa 
Kit Carson 

La Plata 
Larimer 
Las Animas 
Lincoln 
Logan 
Mesa 
Moffat 
Montezuma 
Montrose 
Morgan 
Phillips 
Pitkin 
Prowers 
Rio Blanco 
Routt 
San Miguel 
Sedgwick 
Washington 
Weld 
Yuma 

LOW RATES are 

Oil 
6.0 
12.0 
3.0 
4.5 
11 
7 

7.5 

13.5 
14 
3 
12 
10 

6.5 

5.5 
12 

3.0 
10 

4 
10 

6.0 
3.0 

4.5 
— 

14 
7.0 
7.0 
4.0 
— 

4.0 
13 
— 

based 

Gas 
10.0 
14.0 
5.0 
12 
13 
7 

6.0 

5.0 
10 
— 
10 
10 

4.5 

4.0 
+10 
-15 
2.5 
13 

4 
5.0 
5.5 
9.5 

4.5 
15.0 

10 
6.0 
6.0 
3.5 
7.0 
3.0 
11 

8.0 

Oil 
7.9 
15.0 
5.0 
5.6 

13.5 
10 

8.2 

Gas 
12.1 
16.7 
5.4 
15.6 
15.2 

10 
7.4 

PRODUCTION IS INSIGNIFICA 
14.8 
19.8 
4.7 
15.7 
12.5 
7.8 

NO RECENT 
6.8 

(for 4 yrs) 14.0 < 
(for 13 yrs) 

4.4 
11.8 

NO RECENT 

6.3 
13.7 
— 

12.5 
12.0 
5.4 

PRODUCTION 
6.0 

short period 

3.1 
14.6 

PRODUCTION 
SHORT PRODUCTION HISTORY 

5.4 
11.4 
6.9 
4.0 

NO RECENT 
5.1 
— 

NO RECENT 
16.0 
7.0 
7.4 
5.0 
— 

4.7 
15.3 
— 

5.4 
6.1 
6.3 
10.9 

PRODUCTION 
5.2 

18.0 
PRODUCTION 

12.0 
6.8 
6.5 
4.2 
7.6 
5.0 
13.4 
8.9 

on significant influences from new d 

Oil 
8.5 
16 

6.0 
6.5 
15 
13 
12 

15.5 
22 
7 
18 
16 
10 

7.5 
16 

6.0 
14 

7 
12.5 
7.5 
5.0 

6.0 
— 

18 
7.0 
9.0 
6.0 
— 

5.5 
17.5 
— 

Gas 
13 

17.5 
7.0 

18.0 
16.5 

13 
10 

8 
16 
— 
16 
16 
7 

8.0 
25 

4.5 
16 

7 
7.0 
7.0 

12.0 

6.0 
20.0 

14 
7.5 
8.0 
5.5 
8.5 
7.0 
15.5 
11.0 

oil/gas price effect (therefore an increase in drilling, therefore a higher 
probability of finding new production, hence decline rate lowers), effects of 
secondary recovery. 

INTERMEDIATE RATES are based on past production trends; these values are most 
accurate. 

HIGH RATES are based on significant influences from use increase (severe 
weather), low price for oil/gas, severe federal tax increases international 
crisis. 
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EASTERN COLORADO 

Adams 
Arapahoe 
Baca 
Bent 
Boulder 
Cheyenne 
Elbert 
Fremont 
Huerfano 
kiowa 
Kit Carson 
Larimer 
Lincoln 
Logan 
Morgan 
Phillips 
Prowers 
Sedwick 
Washington 
Weld 
Yuma 
Jefferson 
Las Animas 

WESTERN COLORADO 

Archuleta 
Dolores 
Garfield 
Jackson 
La Plata 
Mesa 
Moffat 
Montezuma 
Rio Blanco 
Routt 
San Miguel 
Delta 
Montrose 
Pitkin 

TABLE 8 
PROJECTED EMPLOYMENT GROWTH RATES 

LOW CASE 
(percent) 

3 
1 
2 
1 
3 
1 
4 
1 
1 
1 
3 
3 
5 
3 
1 
3 
4 
1 
3 
5 
5 
0 
0 

LOW 

3 
3 
3 
1 
3 
5 
1 
3 
3 
3 
1 

TOO 
TOO 

INTERMEDIATE CASE 
(percent) 

3/4 
3/4 
4/4 
3/4 
5/4 
3/4 
6/4 
3/4 
3/4 
3/4 
5/5 
5/4 
8/4 
5/4 
3/4 
5/4 
7/4 
3/4 
5/4 
8/4 
8/4 
0 
0 

INTERMEDIATE 

5/4 
5/4 
5/4 
3/4 
5/4 
8/4 
3/4 
5/4 
5/4 
5/4 
3/4 
TOO SMALL 

SMALL 
SMALL 

HIGH CASE 
(percent) 

" 5/5 
5/5 
6/5 
5/5 

10/5 
5/5 
8/5 
5/5 
5/5 
5/5 
8/5 
8/5 
10/5 
10/5 
5/5 
8/5 
10/5 
5/5 
7/5 

10/5 
11/5 

0 

HIGH 

7/5 
7/5 
7/5 
5/5 
7/5 

10/5 
5/5 
8/5 
10/5 
8/5 
5/5 

Explanation of Projected Employment Rates. In Adams County a low case projected 
growth rate of 3 percent is applied to the 1982 calculated employment figure, and 
to each year consecutively from 1983 through 2000. In Adams County, an 
Intermediate case projected growth rate of 5% is applied to the 1982 calculated 
employment figure and for each year through 1990. A projected growth rate of 4% is 
applied from 1991 through 2000. An intermediate case projected growth rate of 5 
percent is applied to the 1982 calculated employment figure and for each year 
through 1990. A projected growth rate \f 4 percent is applied from 1991 through 
2000. A high case projected growth rate of 10 percent is applied to the 1982 
calculated employment figure and for each year through 1990. A projected growth 
rate of 5 percent is applied from 1991 through 2000. 

51 



z 
O 

oo 
c 

530fi!«!»333-ono 
F-oreo>OH-ooreo>0)CDO 
n o M S C O 3 Mill ifld 1 H 
?c rr rr rr n hi di H?r Hio 

5C i. .. 
H ' l H I S r t W i j l l i 

O P- H N rr 
co oo 0) c 
re . c 3 3 

re n co 
h o 

0) CO p- H| 
rr o re re 
co 3 h co 

erg 
o oo 
ET h-3 
c tq 
H So" 
01 z rr 0) O 
O r o 
5 
8 

rc_,H<;s:s:ooHOH02r 
M C I D I I T O O co mi a 

Hi 0) 
3> re 
3 H| H- CO 3 O 
0) 3 
CO 

H P. 
co a. o h- hi oo 
3"0O £ H00 0) 
H- £ CD H CO 3 
3 H- H| H- 3 oo o to -o rr 7T co 
o 3 

r r « « 
p. J) H' H-3 hi rr o 
OH- « O B CD 0) 
h re co 3 H M 

CO o 3 

S3 Tl M O CO 03 
C 1 H ET o re re re o- re c 3 
i a »n< H n 
Hi O H( fl) p. 
0) 3 rr 3 re 3 rr 3i-l o re 

03 > > 
CO H O. O 0) 0) 
co a 0) CO 
ET o re 

j5 
CO >-3 en 2 z 
o o r o > 
8 

CD 
o G JZ 
d 

Z a» g ra 

0) 
H| 
re 
o-
0) 
co 
re 
a. 
o 
3 
H-
CO 
rr 
H 
O 
co 

LO SO SO H Ul LO LO 
OOHOJSHVOOLOOOO 

SO Ln h 00 -sl 00 00 
O O v O O S J J s s J U l O J S O 

OOslSJsJLnSJ P- H ON ON 
OOOOP-UlNOLnslLnSJ 

JS H H H HJHSJsl HJ S) JS JS SJ P-LOUllO 
O L O O O S J O O N H J S s J O O N S J O O O S J U i H O J S S J j H' 

I H 

O N L O H H H L O H-HJHJ JS SO JS H | DO 
HJLnJsONUlONNOOOOLOUiUlLnOHJJSLOvOJSUiHJ| 0) 

LOSOsJLnsJONslOOslSJOOONslOOUlUlSJslUlONLO 
NOSJONCOLOJSLnHJONOUlNOUlOHJUlJsOLOOLO 

(T 1 N< re 0) H 
rr H re 3 a. 

3 
o- re H| H| stf 0) ET H 
O H13 re re 
CO H| 
o a. re 1 3 H- rr H 0) 

H0O re re 
p. O CT Ml 
o co o re h-D- H 
o 
3 era 
0) CO 

•a 
i-i 
o 

o. 
C0 

CD 
52 

(̂  WUi HLn i-H 

•5T 8 

r r 

OSJOOnOhONOOOSJO 
o o o o o o o o o o o 
o o o o o o o o o o o 
rrrrrrrfrtrrrrrtrrrrrr 
O O O O O O O O O O O 
HJOOLnLOsjUiONJSONONSO 
OJSUlUlSJJSslJSLONOUl 
O O O O O O O O O O O 
O O O O O O O O O O O 

SOUlJSLOJSSJUlJSLOJSSOJSSOLOsJJSUlJSLOONON 
LonOSOOSOONONnOOOOsIUiOUisoOOLOOnUi 
o o o o o o o o o o o o o o o o o o o o o 
o o o o o o o o o o o o o o o o o o o o o rrrrrrrrrrrrrrrrrrrrrrrr 
o o o o o o o o o o o o 

rrrrrrrrrrrrrrrrrr 
o o o o o o o o o 

h-3 
r 

SJslJSUluiLOONUlsJONONLnUlJSCOUlTO Ul JS sl sl 
OOLOONUlSJOOSJUlOOJSSJOOslOJSONONO 
O O O O O O O O O O O O O O O O O O O O O 
O O O O O O O O O O O O O O O O O O O O O 

O Ln hj hj 
LOON HJNOLOJSOONSOUIHJH 
OslOSOTOOOSJSJOOSJLOUlLOSJJSLO 

js so LO H so 
ON OnOSO LO ONJS h-hsj . ON LO LO IO ON VO 
LOLOOSJOsjJSOJslOOONLnONONCOHJLOHHJUlCOHJCOO 

O SO HJ 00 HJ HJ 
HSOUlJSP-OOLOSOslHLO 

OOOLOOOTOOOHOSJOsluiON 

LO Ul JS 
Ul LO sl 

O O sl LO sl LO i 

HJ SO HJ HJ HJ O 
UlON HJ vO LOvOnOONLOUivOLO 

SOnOLOSOCOOOHUivOsJOOJONJSsJ 

a 
w 
Tl 
3 
3Z 
z 
CD 
w 
h- o. 
3 >1 
H-H H VO H oo re so a. 

< hj re nO H 
00 H SO CO 
H-3 

5= re H H CO 

Tl H| o a. c o H-3 OO 

r h O no s: to 
SJ O 1 

S» SJ co o CO O 
o 

o 
H r 
£ 
o H CD > > CO oo r 
w 

2 no 
Tl r o i-s 2 
.-* •-3 

00I-* Ln I-* LO LO LO h-» 
4>OOOM-nc7»roijiNjC30WOi-'HJN>0 

tO CO t 
' 00 Ln O I-1 CO Ln CO h- ON CO Lo CO -P- vOUiLni—'COt—'•> 

•^iSJO4^W00C^HC^Wv]4NWvOWW^NOLnN0^C^\DlVi 

vON) Ln h- lo -> *» i—» 
CO tO (OH^vJOJtOOO^vOW 
cTt̂ oa\u>̂ wiNjr-'i--'tNji\)i-'̂ j-vjH 

^J S3 vO t—» i—1 t-» H U i | 
0\ tO tO ON LO >-» ON CO LO \C *- O Ln CM-1 W w 0\ | 
HWOW^W^WI>^\OCO->WNJlNjNjwCT'HJ>'slOH | 

Ln K> 
h-' tSJ LnH-*Lo4>*>lo 

LOLO On i— LO 4> -P- to 
OTOOO\C>C>l^a>ND£X)LOCT'tOvOOW 

CO N3 vO »—» »-* t—» r-»Ln 
On LO»nsJCTi LO t-> -sj \D LO vO JS O Ln OM-' LO hO -J 
LoroOCT«^OOC7^^aNLnh^LOLnj>LOhJ^^Cr*LO-t-^Ji—'CO 

\0 to O >-* t—• h-' f—̂ Ln 
On .P- to -̂1 LO h >Nj\i3 w vO £* H L n OM-"LO m \0 
00|NOOCOtOW^lJiNJO\LOvj^vJUWNiH>vja>j>COCO<> 

Ln £- On h- lo -P- J5- IO 
OLO tot—'•P-to.p'-LOONLO.t-H-'LntO 
xOh-'OCM^^J^UlWHOvDLOUltOljJ 

O tO O 1—' I—• »—* *—* r—' H-> t3\ | VO 
*sj On-nJ-^J LO - — ' s l O L O O £* H L n C T i H C O N H l OD 
CDWOOvJCOO^ONNJ03LflS5NJO^W^C^NJONl-nvO^W I ON 

1 

On Ln ON l-> LO -P* £•• tO 
v£>0 MH^J>4MOCOUl^tOLnW 
03U10CNO>nI\OW>J^vO|sjLOHLOLO 

l-" tO h-* h-' (-.h—h-i J—1 H-'ON 
\D --J IO CO LO h v j O W O > to Ln On t—'MoLO 
WWOW^LO^CONjNDQOsJCOU^MNlOCOODUlOLniNO 

CO 

52 



COLn ONt—'LOLn-p* to 
nO 00 .nj h i-n o> Ln U h• on -P- to Ln to 
**HOON*^NJOLOlsJCOLOONM»Ui> 

LO t O H H J—• 1—* •—* »-J t-«ON 
t—' COCOCO LO tO 00 H-» LO O P" [OLn^sJI—'-P-tOLn 
WWOMWvOCTivONJOOLOvOONUiWvJLjnO-OL/iHCjNH 

nO 
CO 
CO 

OON ONW-'LOLn-P- to 
•OON NJrN-(jlC0Ul.>WCD^LOL/>N) 
COOOOVNJ-sltOLOO\HvOO>LnvJUi 

•P- LO tO I—» I—i I—» I—• h-» J—'ON 
LO O-P^nsO P- to CO t—' P- O -P- LO Ln -J h- .p- to -J 
v J M O H W ^ C > H N j H t O C O H v D L n M O O O v O L O L n H O D O 

LO-J *»J »-• lo Ln P> IO 
h-* 4> MHUiOON>ONvOJ>-*»tnM 
»-'j>0"*JCO^JLOLO»-,j>-ONyP-^roCOLn 

Ln LOLoro t-* i-> >-> )_. h-*ON 
ON l-*00 -P* to CO to o> i—' -P- LO ON **J "-* -P* to vO 
^ M O O N L n O O N t o O O S J L n p ^ t O L O L n t o C O L n O L n L n r o v O O 

vO 
NO 
O 

Lnco vj h w Ln Ui to 
LOLO LOh-!LntOON.P-\00-P"-P*ONtO 
toOO--JO^Ln.p-ONCO-P*\OLnvOOON 

•̂J LOLOtO l—'l—'-—' t—' t-»-J 
O LOnJO 4>- tOCOLO^h-'jp- p- ON *-J H-' JS- LO I— 
LOtOOtOOC^^4^C04S-sjOLOONONIOCOi--'0--slLnLOOi-' 

•vJnO -Ji-'LOONLfl to 
Onh LOh-'Ln4>-*JLntoto*>LnONto 
LO\OO^t-*COONONl-,l-'4>-^-Ln'»sJtO*^l 

LO £- IO r— 1—« —I , 
P» ON —J f—' -P* LO LO | 

4>- vp-LO!—• .p- to vO LO P> to -P- P- ON -»J f—' J>* LO LO j _ 
4>WONOOOWNJO>COUiO^>00>|NJCONjHxOLnJ>H|sJ | to 

O O -vl v— LO ON Ln to 
Ot-- Loi-»LnON-vjLnLn->->aNONto 
LOtOOCOLOCOCOCOONLnLnOON-P--P*CO 

LO H-* 
\0 LOLntO h-» l-» t—• H- H-'-vl 
vO ON H h P- lOvO J>4> W J> Ln ON 00 >-« .p- LO Ln 
I—'tOOONONO*-JCOCOONLO-P-ONLO-JtOCOtOM-tOONLnLO-P-

vO 
NO 
LO 

I O H •*JI-iLOONLn tO 
L n O LOt-'ONNOCOLnCOLn-P-^JONKS 
M 0 0 O 0 0 J > C 0 O H H-"C0C00N0NtOON\O 

H* LOLntO I—' h-' t—' t—» h-" -*J 
J> COCOtO Ln tOvOLn-P-tO-> Ln ON 00 H JM>) vj 
LnwO^ONLnsJO^O*NjONHNj>jNj[ocOvONj>ONONJ>NJ 

vO 

Lnto COi-'LO^JLn to 
h-» O LOh-'ONl-*COONtO-sJ-P-COONtO 
tO^JONOONCOtOLn^JtOtOLo-^JOCONO 

LO .P-ONtO |_* •_• i—» h-* H C O I vO 
O OO N L O -Ln ^O^sOLn-P-LO-P- a* ON Cfi H j> CO O vO 
LnroOJ>NynW^MNOvO0D0000H00roa3WLJNjON>JLnO Ln' 

CO h-> LO -J Ln 
to O O nO 

UJ M UJ sj Ul [Vj 
|jOHON(jO\DO\Lnv04>03NJLO 
CDC0 4>vONONCOO^vOOO 

-P> J>-^JtO r—> H-' t—' H-» f-» H-' CO NO 
*s4 to P- LO Ln LO O ON Ln LO P- nJQnCOi-'J>LOM| \fl 
WtOO4S00\O-^J^NOOH-'0NOLn00WC0>-'L0\OONC0sJ4^ I ON 

O-P- C0HLOvJO\ W 
ON I—' HJ>HONCNnOONV004>\OvILO 
OJnIOOOvDIJiUICOnOONCDODCOInJH 

ON -P< 00 IO (—' 1—' (—» I—' h-» H CO I 
-> .p- CO -P- Ln W O ^ l U l L O 4> sj ONNOl- 4 > U j> I 
NlK30LvlONONNlONvOHJ>LflH\OvOMCOCa4>lv30NCOCOvO 

LOLn CO to LO 00 ON LO 
LntO H4>hon\OOnILOiNJJ>0-JLO 
ONnJOOMnOnIhj>LOO\ONCDO\J>M 

CO 4> vO W H-'I—'I—» t—' t—' H CO 
to ONtOLn U i H L O O C O L n f > i > CO ON nO h ** J> sj 
\OMONjvjj>N|COOWCOLOLOWNOS3COLn4>LnON\OOW 

NO 
NO 
CO 

ONON vO tO LO CO ON LO 
ONJ> H-J>hJONt-JH-'-^-sl->4>-l-'-^lL0 
1—*S300J>vONO^JO**-JCOLnvOONONLO 

J>OM t> h* LO H vO Ui P^Ln j—> vOtOON onhwhvouijmji vo owo I-' Ln -P* o 
NOlN3OOJ>HvlOOf>HWLnNJO(OC0L0LnC0sjOHH 

\oon\o h Ln>o NO 
NO 
NO 

vO-4 vO IO LO vOON LO 
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Ul NOsjvO JS LO00HJSHJS SJONslHJSLOSO 
LOSJOLOUIJSsIhjOOHJvOSJSJSJnOSJOOUiJsnOONLOOOUI 

Sl W IO W H J H J H J H- HJsj 
ON SOvDO JS LOvOSJJSSJUl LOONTOhjJsjsvO 
slSOOUlLOslslLnCOsJCOLOUlHJHJSOvOUlslONslLnUlCO 

SOH TOH-JSONUl SO 
CO sl SJSJONvOTOOHJjSLnONONSJ 
TOOOOONONOSJJSslONslslSJOOUlOO 

H 00 VA* -h- is/ r—- r— 7— —— r— h— uu 
ONSJSJ Ul Js O L0 Js LO Ln JSslvOHJJSUlsl 

IHJSOSOOOONOJSOOLnOOHJJSLOvOUlOUlOOOTSOOO 

NO 
TO 

56 

http://IO.p-.p-tO


-4 LO 
nO-P- vOtO-p-ONLn to 
tOCO tOtoONOOOto-sJOOUiOOONCO 
*> ON O ON -̂ -h-• -4LOtOONvDUlUiNj\£iO 

-P- J> Ul M t—• I—» 1—' I—» •— V-* h-»\0 
00 O ON CO Ln>-'Uit-»p-UiJ?-Ui Ui -J O h cn Ui ON 
*^NOO^vIOOUiOh\OvOIOhONWnOnI>UhOhvOOn 

NO 
00 
00 

ON-J O M -P- -J ON LO 
l—' H-» NIO-JCOHP'P-tOUlONJLO 
^J-NNlOON--JLOtOtOCO-JONONCO-JP»N 

CO p*-*Jto (_•(_< h-* I-- ,__.,_ h-* O I 
NO -P-tOUl ONHUlWONUlUlUl H-JsJHWUlONON I 
vOSJO^Hj-OOOONOH^-JLOvOLoOO-JLnO^-JW 

LOO H-tOp-COONCO 
-•J M tOS3-sJ\OLO*-JtO-sJONtO^JLO 
Ui^O-JOO^COOUiOHOhcOnO^ 

I P-OOtO t-'H-'t-'t-* h-* h-1 I—• *-* vO 
I NO NO -nJ ONHONJ>COONONON MCOCOtOtOUlNJONI vO 
,tOOLOLO^\OON^-*--J-P'Of-'Ln[OLOOLOr-'ONi—' -J ON 00 I O 

nO 4> t—' 
COM tOtOP>CO-sJ LO* 
P- IO LOtOC04>-P-NOONOON->COLO 
J>LnONJOLntovO-JCOIOJ>J>LnCOON 

C7- Ul VO tO 1—'I—* I—' r—» r—' >—» r—'IS3 
t—' H-» CO CO -O I—» -J L/i CO ON *J ON l—' \D CO LO NJ ON CO to 
NOWOCO-JLnvOOWUlHvD^LOUlCOHtNJLnLOfOOUlsl 

CO J> LOtO-UlvÔ -J LO 
COLO COtOOOt— UiHOLOONONCOCO 
On-J O ^ H ONONtONOCOUl\0-JtO*-4CO 

00 UlO tO I—' t-» h-' H-" t O - — ' H- M 
nO P-CO\OH«-JI-'COU1nOONCOON h O vO CO to ON vO CO 
vON504>--lNDOLOtOP-COvO-J|OCOCOH|OONOLOCO-t>CO 

NO 
nO 

O 4> 
COON LOtOUlvO^J CO 
LnLn LOMnO-J-J-P-Ui-J—JOOvO-P-
LOCOOOOW^JOsltO^OONOOHO 

I—' »-• to I—1 i—• en i—* co }—* j—• ro i—* r o i — * ro co 
vO NlvOHHslMvOONO^ND-J MPvOP-MONOUi 
P'tOOHHjSO'-JLOCOONCOHHiNOCOtOMP-ONP-ONJMO 

NO 
NO 
LO 

LO CO 
NO VO 
ON J—• 

P* tO Ln vO CO LOtONO-P-CO^JvOl-*-JvOvO-P-
OOO-P-nO-P-ONONi—'OOUi-P-vOONto 

Ui UlLOLO tO I—' to to I O I - ' tO*> 
O vOOLOMCOHO^H-JO-J HtOvOUlfONjHIO 
•P-COOvOhohhCOCOUivDJ>OUiP'LOCOnOJ>uiO-PO 

nO 
vO 
P* 

O H Ln LO On O 00 45-1— 
ONLO COCOvOHOO^Ln-JHO*-
UiONOvOONOnOOOOOCOUi--Jvo01—>-P-

00 ON -P- CO tO h-' (O tO tOr-'r-' tO-P-
tO tOHPtMCOHV-COLO-slH'-sj HUOONtO-JIOvO 
vOLOO xOONONH Ul^LOLOOCOOvDJ>LOJ>PHONCOJM-• 

NO 
NO 
Ui 

UlLO t-» Ul CO ON H 00 J>t—' 
ONvO LOLOOvOh-'LOOnOOO-P-O-P-
J>LOOvOCOtO**J>UiOOCOHOONON 

h-" ONUlLO tO 1—' tO tO tOH-'t— IO Ul 
-«J ONLOOni-'OO-—'tO\DJS-C0tOC0 h-' P O ON NJ vICO ON 
-^LOO^^P-MNOLn.p-MWMwCO.p-.p-ONND\000--JONON 

h-»ON I—' ON CO ON H'NO P-l—' 
vO ON Hp-WO'-JLOCjNUiP'COONI-'** 
tOtOOOOLOvO>HHLnLOCnWHCO 

Ul ONQNCO tOtOtOtO tOh-r-' N) ON 
tO VOONCOMSOMLOOUICOCOCO HUlH-sltOCO-C-P-
NOL004>-LOtOt04^0NLnMCOONtO^->UlOO-P-OOsOl-'--JP* 

NO 
NO 

co no h nj co on ro\0 -P-t-1 
Ln -P» MP-COKUlP-NOHVOCOCOHUl 
HLnOOMLnUlCOvJj>COONDUlMH 

\0 «»J -vj .p- tO tO IO tO M M H tO--J 
O N)\OOH\OhP-mONvOJ>nO H-JMCOLOCOONtO 
ONWO\ONJHCOOOONNjtoONOWiOJ>UiHO-JHCnOON 

NO 
NO 
CO 

Lnro hcolo-j m o uii-» 
.p- .p- Mp-COlNJP-ONtO-4P*NOOiNOUl 
P-WOOP"-JHONUi\OP*OP'VOLOLO 

CO --JkO-P- >-* tOtOtO tO I O M H M00 
O ONWIOHOHUiN-JvOUivO H C O M vOLO COnJh 
HCOOL^ONHj>CO>JvOCONOUlONONUlONJ>ONON|OvOCOtO 

NO 
NO 
NO 

tocn H vOLO -JCO O Ull-» 
n| Ul HP-LOIOLOCOONLOvOvOLOWUl 
HUiOHON\D-JCOCOUlvltO\OUivOON 

-J 00O-P- »-» M t O M Ml—" M f — M Mv^O 
t—' OCOP-HOH-JCOvOvDONO HvOUOWnOCOO 
ONj>OLoLOtOj>COCOtOJ>CONOCOHUislCOtOONj>COONCO 
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