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ENGINEERING TESTIMONY - CASE NO. 7352 

BACKGROUND 

The data presented i n t h i s testimony w i l l show t h a t the Permo-Penn i n t e r v a l 

d e f i n e d by the previous witness meets the g u i d e l i n e s set f o r t h by the Federal 

Energy Regulatory Commission f o r designation as a t i g h t gas sand formation under 

Section 107 (b) of the Natur a l Gas P o l i c y Act. These g u i d e l i n e s r e q u i r e t h a t . 

three engineering c r i t e r i a be met: 

a) The estimated average i n s i t u gas p e r m e a b i l i t y , throughout the pay 

s e c t i o n , i s expected t o be 0.1 m i l l i d a r c y or l e s s . 

b) The s t a b i l i z e d p r o d u c t i o n r a t e , against atmospheric pressure, o f w e l l s 

completed f o r produ c t i o n i n the f o r m a t i o n , w i t h o u t s t i m u l a t i o n , i s not 

expected t o exceed 188 thousand cubic f e e t per day (Mcf/D) f o r p r o d u c t i o n 

from an average depth of 5827 f e e t . 

c) No w e l l d r i l l e d i n t o the proposed t i g h t formation i s expected t o produce, 

w i t h o u t s t i m u l a t i o n , more than f i v e b a r r e l s of crude o i l per day. 

EXHIBIT NO. 2 

E x h i b i t No. 2 i s a map presented by the previous witness on which i s o u t l i n e d 

the area f o r which a t i g h t gas sand designation i s sought. The red dots show the 

l o c a t i o n of the 50 w e l l s completed i n the designated Permo-Penn i n t e r v a l -as of 

January 1, 1981. The t r i a n g l e s i n d i c a t e w e l l s where d r i l l stem t e s t data was used 

t o c a l c u l a t e the i n s i t u p e r m e a b i l i t y o f the pay s e c t i o n . We w i l l discuss these 

p e r m e a b i l i t y c a l c u l a t i o n s i n d e t a i l l a t e r . The square i n d i c a t e s the l o c a t i o n of 

the one w e l l where core data i s a v a i l a b l e . 

EXHIBIT NO. 9 

E x h i b i t No. 9 i s a l i s t of a l l w e l l s w i t h i n the boundaries of the proposed 

area t h a t were d r i l l e d deep enough t o penetrate the designated Permo-Penn i n t e r v a l . 

I n f o r m a t i o n on the 333 w e l l s includes w e l l name, l o c a t i o n , o perator, spud date, 

t o t a l depth, f i e l d and pr o d u c t i o n up t o January 1, 1981. The l i s t i s c u r r e n t t o 

the s t a r t o f 1981. Most of'these w e l l s were Morrow prospects d r i l l e d t o depths 

near 9000 f e e t . There are 119 Morrow producers i n the proposed area. These Morrow 



wells have produced a t o t a l of 82.21 b i l l i o n SCF for an average of 691 m i l l i o n 

SCF per we l l . The Morrow i s the p r i n c i p a l gas-producing i n t e r v a l i n t h i s area. 

Many of the deep wells i n Exhibit No. 9 w i l l be recompleted i n the designated 

Permo-Penn formation at some point i n the future i f the Permo-Penn gas can be 

produced economically. In addition, exploratory d r i l l i n g f o r Morrow gas w i l l be 

stimulated somewhat when the t i g h t gas sand designation makes the Permo-Penn 

i n t e r v a l a more a t t r a c t i v e salvage zone. The d r i l l i n g of a Morrow well i s always 

a risky project since the Morrow pay zone consists of a series of meandering 

channels that t w i s t and turn i n an impredictible fashion. 

EXHIBIT NO. 10 

Exhibit No. 10 is a list of the 50 wells completed in the designated Permo-

Penn formation as of January 1, 1981. Most of the engineering data on the subject 

formation will come from the wells in Exhibit No. 10. Although the average depth y 

to the top of the designated Permo-Penn i n t e r v a l i s 582^feet, production from 

J . -

49 of the 50 wells comes from below 582J$L_Xaet. The average depth to the top of 

the pay zone i n these 50 wells is/b490 f e e t ^ ^ These wells have produced a t o t a l 

of 9.01 b i l l i o n SCF f o r an average of 180 m i l l i o n SCF per w e l l . Although the 

designated Permo-Penn i n t e r v a l i s less productive than the Morrow, i t s t i l l 

represents a s i g n i f i c a n t resource of natural gas to be u t i l i z e d when economic 

conditions are favorable. 

EXHIBIT NO. 11 

Exhibit No. 11 l i s t s the wells that w.er.emspridded-=Q%̂ e®mi3l=efcgd̂  

Permo-Penn i n t e r v a l a f t e r July 16, 1979. These eight wells are the only ones out 

of the 50 wells i n Exhibit No. 10 that would be e l i g i b l e for t i g h t gas prices 

should the present application f o r t i g h t gas designation be approved. Approximately 

f i v e additional wells have come on l i n e i n 1981. These would also be e l i g i b l e 

i f the t i g h t formation designation i s approved. A l l production from the other -42 

active wells w i l l never be e l i g i b l e for t i g h t gas prices under current regulations. 

Our application mainly seeks a long-term opportunity t o produce gas from the des

ignated Permo-Penn formation by recompleting wells o r i g i n a l l y d r i l l e d to deeper 

horizons. 

\ 
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DESCRIPTION OF FORMATION BY ENGINEERING PARAMETERS 

With the foregoing as background, we now consider i n d e t a i l the engineering 

data available f o r the designated Permo-Penn formation i n the proposed area. The 

data w i l l demonstrate that three c r i t e r i a are met: 

a) The average permeability i n the natural state i s less than or equal 

to 0.1 m i l l i d a r c y . 

b) The st a b i l i z e d flow rate before stimulation i s less than 188 Mcf/D. 

c) No well produces more than 5 barrels of o i l per day. 

The estimated average i n s i t u gas permeability throughout the pay section 

was calculated by two standard methods that are widely accepted i n the industry. 

These methods include: 

1) Permeability calculation from pressure buildup data taken during d r i l l 

stem tests. 

2) Laboratory measurements on a cored section of the designated Permo-Penn 

i n t e r v a l from a single w e l l . 

In a pressure buildup t e s t , a well i s produced fo r a period of time and 

then shut-in. Bottom-hole pressure data i s recorded throughout the shut-in period. 

Here the conventional Horner method of analysis was used to estimate formation 

permeability. In t h i s method, the bottom-hole pressure a f t e r shut-in i s pl o t t e d 

against the quantity T+ AT on semilog paper and the slope of the s t r a i g h t - l i n e 

AT 

portion of t h i s p l o t i s measured. Here T i s the length of time the well was allowed 

to flow and A T i s the variable time since the well was..,shu.te-4«nn̂ T̂he average 
* , 162.6 q B u 

permeability i s calculated from the equation k = g where 
V mh 

k = average permeability (millidarcys) •"-•-^•"^ 

. •- -
q = gas f l o w r a t e b e f o r e s h u t - i n ( b a r r e l s p e r d a y j ^ J 

/ B = gas formation volume factor (reservoir ft^/standard ft~S ^ ) ^ 
9 J ,JU 

y , u = viscosity of gas (centipoises) — Cf /Ŵ *-

• i c > 
, U m = slope of straight line on Horner plot (psi per cycle) — y ^ r ' 

/ V 
ir\% h = height of pay zone ( f e e t ) . ^ 

Here, the gas flow rate (q) was measured during the flowing phase of the d r i l l 

stem t e s t . The formation volume factor (B^) and the gas viscos i t y (u) were both 

calculated from the compositon of the gas recovered during the d r i l l stem test. 
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The slope (m) was measured d i r e c t l y from the Horner p l o t and the height (h) of 

the pay zone was estimated from the section of the e l e c t r i c logs that covers the 

same i n t e r v a l as the d r i l l stem t e s t . 

Permeability calculated from d r i l l stem t e s t data w i l l give a good represen

t a t i o n of i n s i t u permeability since the d r i l l stem test i s performed while the 

well i s s t i l l being d r i l l e d . The formation has been altered r e l a t i v e l y l i t t l e 

from i t s natural condition. I f there i s some formation damage due to the d r i l l i n g 

mud, most of t h i s damage i s removed during the preflow phase of the d r i l l stem 

t e s t . In contrast, pressure data taken a f t e r the well i s acidized or fractured 

w i l l give higher values for the permeability because the formation has been 

etched and broken by the treatments. 

EXHIBIT NO. 12 

Exhibit No. 12 shows data from d r i l l stem tests at ten wells w i t h i n the proposed 

area. The locations of these wells are indicated by the triangles on Exhibit No. 

2. Of the ten wells, only Murphy NW Federal #1 i s completed i n the^desj^gnated 

Permo-Penn formation. This well was cored and d r i l l stem tested i n the Permo-Penn 

i n t e r v a l , but i s now a completed Morrow producer. The values of permeability c a l 

culated from the d r i l l stem tests range from 0.003 m i l l i d a r c y for I r i s h H i l l s KW State 

#2 to 0.091 m i l l i d a r c y f o r La Cama #1. The average permeability for the ten wells 

was determined to be 0.031 m i l l i d a r c y . 

The l a s t column i n Exhibit No. 12 (labelled "Years to Reach Pseudo-Steady State") 

gives the approximate time required for a pressure disturbance at the wellbore to 

reach the outer boundary of the reservoir feeding the w e l l . Said another way, gas 

near the outer boundary of the reservoir begins to move toward the wellbore at 

the time indicated i n Exhibit No. 12. Flush production of gas r e l a t i v e l y near 

the well occurs u n t i l the whole reservoir i s feeding the well. Then the pressure 

begins to drop with time uniformly throughout the reservoir and the flow rate 

becomes s t a b i l i z e d . The calculated time to reach s t a b i l i z e d flow ranges from 1.8 

years f o r Cities JG State #1 to 33 years for I r i s h H i l l s KW State #2. The average 

time was determined to be 10.7 years. 

The formula for the length of time required to reach s t a b i l i z e d , or pseudo-

steady' state, flow i s 
2 

1136 ?5 uc r 
t = t e 

k 
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e 

k 

where 

t = time to s t a b i l i z e (hours) 

4 = porosity of pay zone (fraction) 

u = visco s i t y of gas (centipoises) 

= t o t a l compressibility of the rock - f l u i d system (psi ~) 

radius to reservoir boundary (feet) 

permeability (millidarcys) 

In the calculation, the porosity ($) was taken from the e l e c t r i c logs and 

the viscosity (u) was determined from the composition of the produced gas. 

Since the gas i s so much more compressible than the rock or the water, the com

p r e s s i b i l i t i e s of the rock and the water were ignored and the t o t a l compressibility 

was taken as the compressibility of the gas times the gas saturation (C =S C ). 
-t g g 

The compressibility of the gas was determined^-f-rbm i t s composition while the 

gas saturation came from the electric.-logs. {The drainage area was assumed to 

—•—^ / ^ Z ? ^ 
equal the 320-acre proration u n i t and the radius was set at 23,06 feet f o r a 

320-acre c i r c l e . The permeability of the formation was calculated from the 

pressure buildup data as described above. The idea of a time to reach stab-i-lized 

flow was introduced here because i t follows naturally from the calculation of 

the formation permeability. We w i l l discuss s t a b i l i z e d flow i n more d e t a i l a f t e r 

a l l the data on permeability have been presented. 

EXHIBIT NO. 13 

The second procedure for obtaining i n s i t u permeability i s to measure the 

permeability of actual cored sections of Permo-Penn rock i n the laboratory. The 

only core data available comes from the Murphy NW Federal #1 well marked with a 

square i n Exhibit No. 2. A log of the Permo-Penn i n t e r v a l i n the Murphy well 

appears i n Exhibit No. 5 (Well 6), and Exhibit No. 13 shows the permeabilities 

measured by Core Laboratories for the 72 feet of core recovered. Special tests 

were run on 16 samples from the Murphy core to evaluate the effects of overburden 

< 

pressure on the core samples i n order to determine a representative value for the 

i n s i t u reservoir permeability. Routine core analyses are normally run with a 
confining or overburden pressure of only2fi0i*p"sT":—~Tlie oycrbur den pressur-e with i n 

the^ Permo-Penn formation i s r e a l l y about^3300 p s i and special core^tests^were 

required i n order to correct the results of routfne~~co're~=an ctlyses for the effects 

of the actual overburden pressure. The results of these special t e s t s , performed 

flaw-a^^JLu^ ^&^*Sl£A^dmt. 



at an overburden pressure of 3300 p s i , are l i s t e d i n the l a s t columns of Exhibit 

No. 13. / 

Exhibit No. 14 shows the correlation that was developed between routine 

permeability at 200 psi overburden pressure and i n s i t u permeability at actual 

overburden pressure of 3300 p s i . Data from the petroleum l i t e r a t u r e was used to 

help define the relationship since there are r e l a t i v e l y few data points available 

for the Murphy core. The dashed l i n e i n Exhibit No. 14 i s a correlation developed 

by F. O. Jones and W. W. Owens of Amoco Production Company for rocks where over

burden pressure has a minimum e f f e c t on permeability. This Amoco research work 

was reported i n the Journal of Petroleum Technology i n September of 1980 (pages 

1631-1640). The s o l i d l i n e i n Exhibit No. 14 was drawn p a r a l l e l to the dashed 

l i n e i n order to better f i t the actual data points f o r the Murphy core. Then 

t h i s s o l i d l i n e was used to convert the routine permeability values in t o i n s i t u 

permeabilities at 3300 psi overburden pressure. 

Exhibit No. 15 tabulates the permeabilities of the core material from the 

Permo-Penn pay section i n the Murphy NW Federal #1. Those sections of the i n t e r v a l 

that the e l e c t r i c log condemned as non-productive are omitted. The average 

routine permeability f o r the Murphy well i s 0.116 m i l l i d a r c y . I t happens that 

the i n s i t u permeability corrected for overburden pressure from core data (Exhibit 

No. 15) and the i n s i t u permeability from buildup data (Exhibit No. 12) are both 

0.035 mi l l i d a r c y for Murphy NW Federal #1. The Murphy well can be considered a 

t y p i c a l well since i t s i n s i t u permeability of 0.035 m i l l i d a r c y i s very close to 

the average 0.031 m i l l i d a r c y for the ten wells i n Exhibit No. 12. 

Two standard types of permeability data have been presented. The average 

i n s i t u permeability from d r i l l stem t e s t data i s 0.031 m i l l i d a r c y . The average 

i n s i t u permeability from available core data i s 0.035 m i l l i d a r c y . Both types of 

engineering data indicate that the permeability of the designated Permo-Penn pay 

section i s confortably below 0.1 m i l l i d a r c y . 

EXHIBIT NO. 15 

6 



s 

EXHIBIT NO. 16 

Data on flow rates before stimulation are not available for the vast majority 

of the wells that produce from the designated Permo-Penn formation. Natural flow 

rates are so low that they are routinely neither measured nor recorded. The normal 

completion procedure has been to perforate and immediately t r e a t the w e l l . We 

r e c a l l that nearly a l l these wells were completed before there existed a t i g h t 

gas designation. In the absence of data on natural flow rates, we propose to 

use production data for the stimulated wells at a time i n t h e i r l i f e when the 

production rates are approaching s t a b i l i z e d values. Exhibit No. 12 showed that 

the time to reach a s t a b i l i z e d rate varied form 1.8 to 33 years and averaged 10.7 

years. Thus, actual flow rates measured two years i n t o the l i v e s of the Permo-Penn 

wells w i l l be either near s t a b i l i z e d rates or considerably higher than s t a b i l i z e d 

rates. Exhibit No. 16 shows actual production rates for the 24th calender month 

i n the producing l i v e s of the wells that are producing from the designated Permo-

Penn formation. Only 34 of the 50 wells have been producing for two years or 

longer. The average rate of gas production for these 34 wells i s 144 thousand 

cubic feet per day and the average rate of o i l production i s 0.6 barrels of o i l 

per day. The gas rates vary from 1 to 655 thousand cubic feet per day and only 

two wells produced over 300 thousand cubic feet per day. The o i l rates vary from 

zero to 4.1 barrels of o i l per day a f t e r two years. Only one well produced over 

2.0 barrels of o i l per day and no we l l produced as much as f i v e barrels of o i l per 

day i n the 24th month a f t e r i t began production. 

The FERC guidelines require that the gas flow rate be measured against atmos

pheric pressure. The average flow rate of 144 Mcf/D calculated above for stimulated 

wells was measured against pipeline pressures of 150 to 300 p s i . The corresponding 

flow rate at one atmosphere i s given by the equation 

q (1 atm) = q (actual) x 
2 
s (1 atm) 
2 
s (actual) 

where 

P = reservoir pressure (2294 psia on average) 

P (1 atm) = bottom-hole flowing pressure corresponding to one atmosphere 

at surface (15 psia) 

P (actual) = actual bottom-hole flowing pressure (292 psia on average). 
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Then 

q ( l atm) = 144 Mcf/D x 22942 - 15 2

 = ^ M c f / Q 

2 2 
2294 - 292 

i s an estimate of the average s t a b i l i z e d production rate against atmospheric 

pressure based on data from stimulated wells. 

The rates i n Exhibit No. 16 are maximum values since a l l data applies to 

stimulated wells and since many of the wells have not actually s t a b i l i z e d . Thus, 

the average gas production rate i s about 146 thousand cubic feet per day or less 

and the maximum o i l production rate i s about 4.1 barrels of o i l per day or less 

under s t a b i l i z e d non-stimulated conditions. 

FORMATION WATER SANDS 

The c l a s s i f i c a i t o n of the designated Permo-Penn formation as a t i g h t gas 

sand i n the proposed area w i l l not cause problems with respect to formation water 

sands. A l l of the area proposed for t i g h t gas sand designation l i e s w i t h i n the 

Roswell Artesian Water Basin as established by the New Mexico State Engineer. The 

Roswell Artesian Water Basin i s a main source of fresh water fo r Chaves County 

and northern Eddy County. Regulations governing the d r i l l i n g of o i l and gas wells 

w i t h i n the Basin are enforced by the New Mexico O i l Conservation Division i n order 

to protect the fresh water formations. These regulations require that a water 

protection casing s t r i n g be set and cemented through the fresh-water-bearing strata 

The base of the Artesian aquifer l i e s at a depth of about 1000 feet at the north 

end of the proposed area and at a depth of about 1400 feet at the south end. In a 

ty p i c a l casing program, conductor pipe i s set at a depth of 300 to 400 feet and 

cement i s circulated to surface i n order to protect the shallow fresh water. Then, 

an intermediate s t r i n g of casing i s set about a hundred feet below the base of the 

Artesian aquifer at a depth of 1100 to 1500 feet. Cement i s circulated to surface 

behind the intermediate s t r i n g to protect the Artesian aquifer. The production 

casing i s set at the t o t a l depth of the well (usually i n the Morrow formation) and 

cemented with 400 to 1000 sacks of cement. This provides a cement shield approx

imately 1000 feet above the top of the Permo-Penn formation. The application to 

d r i l l and the casing program for each in d i v i d u a l well must be approved by the Nev/ 
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Mexico O i l Conservation Division and the United State Geological Survey for wells 

on federal lands. 

EXHIBIT NO. 17 

Exhibit No. 17 summarizes the engineering data that has been presented on 

the designated Permo-Penn formation. The average i n s i t u reservoir permeability, 

determined by two standard methods, averages less than the allowed 0.1 m i l l i d a r c y . 

The average s t a b i l i z e d flow rate for gas i s below the maximum allowed d a i l y rate 

of 188 thousand cubic feet per day. Lastly, no well produces as much as f i v e 

barrels of o i l per day under s t a b i l i z e d conditions. 
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